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PROTISTA (pro tis'ta) Protista is a kingdom, in
the five-kingdom system of classification, that
includes one-celled organisms called protozoans

and all algae except blue-green algae.

See A/so ALT]AL,; CLASSIFICATION OF I,IVING ORGAN-

ISMSi KINCDOM; PROTOZOA.

PROTON (pro't6n';All matter consists of very
tiny particles called atoms. The atom is made up

of a central core called the nucleus. Around the

nucleus are particles called electrons. The nucleus

contains two main kinds of particles: protons
and neutrons (see ATOM; NUCILEUS). Because the

proton is smaller than the atom, it is called a sub-

atomic particle. A proton has a positive electric
charge. It spins around its own axis like a spin-
ning ball.

Physicists used to think that the proton had no

structure, but they now believe that it does.

Physicists think that the proton is made up of three

subatomic particles called quarks (see Quenr).
Physicists also used to think the proton did not nat-

urally decay (break down) into other particles.
They now believe the proton may decay.

The sun sends large numbers of protons out into
space. Some of these protons reach the earth.
Because they have an electric charge, they become

trapped in the earth's magnetic field. These trapped

protons help form a belt of radiation around the

earth. Other particles from the sun form another

belt around the earth. These two belts are Van
Allen belts.

See AIso PART]CLE PHYSICS; VAN ALLL,N BL,LIS.

PROTOPIASM (pro'm pliz'am) The term pro-
toplasm refers to the living matter of cells.
Protoplasm comes from the Greek words protos,

meaning "first," and plasma, meaning "form."
Scientists generally use more specific terms, such as

qltopldsm, ectoplasm, or encloplasm, when discussing

the cell.

See also c:vrr.

PROTOZOA (pro'ta zo'a) Protozoa is a group of
one-celled organisms, most of which are micro-
scopic. Protozoans belong to kingdom Protista (see

CELL; PROl'rS'rn). There are about thirty thousand

identified species of living protozoans. There are

undoubtedly many more unidentified species, and

many other species that are now extinct (see

EXTINCTION). Protozoans are found throughout
the world.

Protozoans range in size from the smallest, a par-

asite in red blood cells that measures 0,00008 in.

[0.0002 cm] in diameter, to the largest, a radiolar-
ian measuring}.2 in. [0.5 cm] in diameter (see PAR-

ASITE,; RADIOLARIAN). Protozoans live in many
environments. Most live in water. Some live in the

soil, while others live in the bodies of other organ-

isms. Protozoans make up a large part of the zoo-

plankton found in the oceans (see I'I-ANK'I'ON).

Kinds of protozoans Some prorozoans are sim-

ple in structure. Others are among the most com-

plex cells known. The protozoans are usually
divided into four groups, according to the way that
they move from one place to another: the flagellates;

the sarcodines; the sporozoans; and the ciliates.

PROTOZOA-Ciliates
Ciliates are named for their tiny, hairlike cilia. The organisms
beat the cilia rapidly in order t0 move around 0r t0 create
water currents that bring them food particles. The ciliates
pictured are (11 Vorticella,l2l a paramecium, and (3) Srentor.
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PROTOZOA-Arneboid movement

An ameba moves by extending a pseudopodiumimeaning
"false foot"), into which the organism's protoplasn flows.

'fhe flagellatcs are the rnost prinritivc olthc pro-
toz.oilns. They havc one or more long, whiplike fla-

gella with u,hich thev propel themselves (see

FI.AC;trl t.,A'l 11; Ft.A(lt:l t-LlN,l). Flagellates are usually
oval in shape. N4any f-lagcll:rtes live in the bodies of
other organisms, often a.s parasites. One of these,

7t'.1rp,tnosowa gam biensd, callses Afl'ican sleeping

sickness (see SLF.L.PINC SI(IKNF.SS;'I-RYI'ANOSOME).

Thc sarcodines are protozoans that rnove by
ameboid nlovement. In ameboid movement, the

orgatrism setrds out pseudopodia, or "firlse feet."

These pseudopodia are masses of protoplasm that
ler the organisnr "ooze" from one place to .urother
(see PROToPLAsN{). The most familiar sarcodinian is

the ameba (see AN4lluA). Many sarcodines live in the

boclies of human beir-rgs ancl other irnimals. Some

are parasites, rvhile others live s1'mbiotically (sce

SYMtll()sls). Onc kincl of ameba ciluses arnebic

dysenterv, a serious infecrion of the human diges-

tivc svstem.

fhe sarcodines include nvo organisms th;.rt con-

tribute to geological fon-nations: the radiolarians

and the foraminifers. The radiolarians have skele-

tons made of silica that pile up on the ocean floor
when the organisms die. The foraminifers have

horny, glossv, or chalky shells that also pile up orl

the ocean floor. AII these remains help form the

muddy deposits on the ocean floors known as ooze

(see OOzl). The foraminifers' shells are also a major
constituent of chalk (see ctHai K).

1'he sporozoans are tir-ry protozoans rhar usually
reproduce by scattering large numbers of spores

(sce sl'oltt..).'fhev arc rrll prrrrasites and tl-rcv llener-
ally havc verv lirr-ritecl pou'crs ol nrovernent. 'l'he

best krro'uvrr of the sporozo:rns is ])/ttsrnodiurtt, tltc
maluria-causinq protozoan (sce N{Al.ARl,\; I,t..{s-

N1()r)l tiNl ).
'l-he cilirtcs are thc r'nost con)f')lex of the 1',roto-

zollns. 'fhcv havc tinv, hairlikc cilia that help tl'renr

rnove about in search ol foocl, althor-rgh nrilnv
species rcnrain flxecl in onc placc and re[y on their
cilia to bring currents of water tc) thern (sec {.tl-
lUNr). Thc ciliates have nvo nuclei (plr-rral of
nttc/eus). 

-l'hc larec ntacrotruclcus cclntrols ccllLrlar

activiry and ascxual reproduction. -f[re 
smaller

t-nicronucleus lvorks in scxual reproduction (see

t{F.l'R()I)U(. I ItIN). Sonrc ciliates have spccial strr.rc-

tures fbr gcttir-rg fbod. For exanr;rlc, thc paranre-

cium has a ciliated oral groovc that directs fbod into
the mouth (see I'AttANlt-(-lLr\l). Another ciliate, thc

Vorticalln, creiltes a tin1. u.hirlpool to brinq lood
into its mclurh.

Protozoan structure and function Thc
free-living protozorlns cligest foocl in enzvme-
containing strucrures called fbod vacuoles (sec

ENZYMF.) . Many protozoans have cclntractilc vac-

uoles, which a.re special structures that sguirt wastcs

rrncl excess water out of the cell.

Most plrotozoilns movc all'ay' from foreigr-r

objects, bright light, chenricals, :rnd very hot or
very cold areas. 

-1-l-ris 
is ir prinritive type oi resp,.''nse

ancl is called rrvoidance. It is cliffercnt from the ner-

vous s)'stem response of highcr organisnrs. Some

protozoir.ns have a bright red "cve-sptrt," u,hich r-niry

be sensitive to light.

Protozoans usuallv reproduce asexually bv
fission (see ,tSt XLtAl. Rhl'ltOI)U(lTI()N). In fission, rtlr

Trichonympha lives
inside termites and
can digest wood.

:
A trypanosome .l

FLAGETTATES move by waving
long, whiplike llagella.
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organism splits into two ncw organisms. Some pro-
tozoans reproduce asexually by budding (see BUIt-

I)lNCl). Some (the sporozoans) reproduce by
releasing large numbers of spores. Others undergo

a primitive kind of sexual reproduction. In this
process, two organisms join together, exchange
nuclear material, separate, and then divide by fis-

sion. 'l'his kind of reproduction occurs mainly in
the ciliates.

Carchesium

If environmental conditions begin to threaten

protozoans, some are able to survive by excrering

water, thickening their cell walls, and going into a

dormant state (see DORMANCY). In this form, the
protozoan is called a cyst. The cyst can survive very
hot or very cold conditions. It can live without
water or oxygen for long periods of time. Cysts are

transported from one place to another by the wind
or by becoming attached to animals. As soon as rhe

cyst reaches suitable conditions, it opens to release

one or more protozoans. The amebas causing ame-

bic dysentery form very tough cysts when they pass

out of the body, and they can cause the disease in

anyone who swallows them in food or water.

Eimeria, a sporozoan
that causes diseases
in many animals.
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CILIATES move by
waving short,
hairlike cilia.

SPOR0Z0ANS are very
small parasites. They
have complicated life
cycles, living partly
inside the cells of their
hosts.

ACTIN0P0DS RHlZ0pgDS

SARC0DINES move and leed by
flowings-out ol their protoplasm.

Thecameha

A radiolarian
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PSILOPHYTE (si'le fit')The psilophytes arc the

most primitive of thc vascular plants (see VAs(.tJl.AI{

I)t.AN'l'). Thc vascular plants have sprecial structurcs

for nroving foocl ancl water fi'olrt one part of the

plant to another. Dr-rring the I'aleoz-oic erar, about

400 million years ago, the psilophytes wcre qrtitc

common, but today all br-rt two gcnera (plural of
genus) of psilophytes are extinct (see t,x.t'lNi: I loN;

l,Al.l..ozol(l t.tt,l). 
-l'hese 

surviving plants are mostlv

tropical. 1'hey belong to thc ptericlophvte grotrP

and are thus relatcd to thc lerns.

I'silophvtes do t-rot hirve true roots. lnsteacl, they

havc rootlike stems callcd rhiz.omes (sec nutz-tllt'-).

These may grow uncler the ground, but are more

olten anchorcd in rock crevices or in the bark of
trees. 'fhe aboveground stems are green and have

manv tiny openings called stomata (see S'l't)N'lA).

Most photosynthesis in these plants takes place in

the stcms (sce l)HoT'osYNTHEsls). 'fhe leaves are

scaly or spinelike, or missing altogether. l'hey con-

tain very little chlorophl'll (see clHLoROl)HYLl.).

Psilophytcs undcrgo altcrnatiotr ol generations

(see At.r'l.irNdl'l()N OIr (ltlNF.RAt lON..S). The sporo-

phyte, or asexual stage, is prominent. Its spores

grow into tiny, saprophytic plants called prothalli
(see SAI'RoPHY'lE). 'l'he prothalli are the gameto-

phvtes. Frequentlv, the prothalli live symbiotically

with a type of fr-rngus (see FUN(IUS; sY\,{BIoSIS)' Thc

prothalli produce nrale gametes, or sperm, in

antheridia, and female gantetes, or eggs, in

archcgonia. Afier lrertilization, the zygotes grow

into new sporophytes.

,S ee a k o P'\LITOBO'lANYi l)l.AN'l- KI N (l D( )N{.

PSILOPHYTE

Psilophytes are known from
fossils of the Silurian
period. The drawing at far
left is a reconstruction of
Zosterophyllum, which
appears to have been a

very simple plant.
Sporangia (structures that
produce spores) can be

seen at the tips of the
branches. The drawing at
near left is of Psilotun, a

modern psilophyte.

PSYCHIATRY (si kr'r tre) l)sychiatry is the

brarnch of mcdicinc concerned with the treatment

ancl prevention of mental illness. A psychiatrist is a

person who, after being tririned as a physician, or

medical doctor, trains lor three or ntore vears in the

treatrrlent olt mental illncss (see IXX-'loR; MF.N lAl.

I r-r.N r-.ss).

I)sychiatrists Llse several basic rnethods to treat

persons with mcntal illncss. One metl'rod is called

psvchotherapv. l'sychotherapy mainly involves dis-

cussior-rs between the patient and the psychiatrist.

The patient discusses his or her problerls with the

psychiertrist. In turn, the psychiatrist trics to build

the patient's confidence and help the paricnt
devclop better methods for coping with life and its

stresses. Some psychi:rtrists ttse hypnotism to help

them undcrstand the paticnt's problems (sce HYI'-

N()sls). Sometimes groups of patients takc prtrr in
"group therapy." Such paticnts, mecting as a grouP

with the psychiatrist, help each other understand

themselves. The psychiatrist may try to get the

patients to act out their probler-ns in little plays

called "psychodrantas." When working with a

child, a psychiattrist often uses "play therapy." Li play

therapy, insteacl of the child trying to talk about it

problem, the child acts it out with games or toys.

Psychoanalysis is olten used to gLride psy-

chotherapry. Psychoanalysis is based on the theory

that the callses of many mental illnesses are br-rricd

in the unconscious. A patiertt mav have no idea

what is causing the problems. The psychiatrist, by

uncovering the causes, is givcn an indication ol
which treatment to use, and helps the patient bet-

ter ur-rderstand himsclf or hcrself (scc PsY(lllo-

ANAT.YSTS).

Beharvioral therapy is another basic method used

by psychiatrists. In this kind of therapy, rewards

ancl punishments are used to help patients change

their behmvior in healthy ways.

Drug therapy sometin-res gives help for ccrtain

kinds of mental illnesses, especially some tvpes ol
depression and psychoses. tanquilizers are clrugs

that help calm a patient. Scdatives help relieve ner-

vousness or anxiety (see st-.tlxt tvF.; 'l'R{NtlLlIl.lzhR).

\Thatever treatment, or combination of trcat-

ments, psvchiatrists use depends on various

1i44
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lactors, such as the type, cause, and extent of the

mental illness.

See a/so l:Rf.L.Jt), SI(;N.{LJNt); .lLlN(;, (.All.l. (;LJS'I'A\'; I'SY-

(lH()t.(X;Yi l)SY(lH()S()MAI I(. t)ISORI)t.R.

PSYCHOANALYSIS (st'ko a nil'i sis) Psycho-

analysis is usecl to guide psychotherapv in treating
mental illncss. A psychoanalyst is a person, often
a psychiatrist, who has hacl sevcral years of
training in psychoanalytic principles (see MF-N Ir\1.

Il.l.NF.SS; l)S\'(.HIA'l'RY; I'}SY(.llOl.OtlY). Psycho-
analysis was developed in the late lU00s and early

1900s by Sigmund Freud, an Austrian psychiatrist
and psychologist (see tll.l-.UI), sl(INIUNI)). Other
psychiatrists developed variations of Freucl's

technique.

PSYCHOANALYSIS

The Austrian psychiatrist and pyschologist Sigmund Freud
was the founder of psychoanalysis.

Psychoanalysis is based on the theory that
unpleasant experiences, especially during child-
hood, may become buried in a person's uncon-
scious (nonthinking) mind and cause merrtal
illness. Psychoanalysis tries to bring the unpleasant

experiences out of the patient's unconscious ancl

into his or her conscious mind. By doing this, the

patient may be able to understand the cause of his

or her problems. This understanding often helps

the patient better adjust to life.

Psychoanalytic treatment usually includes m

method of "free association" to search a patient's

unconscious and discover the cause of illness. Ir-r

this method, the patient relaxes on a bed or couch.

The psychoanalyst tries to get the patient to talk
about anything that comes to his or her mind.
Sometimcs, the patient's dreams are discussed.

l)reams may give clues to the patient's trnconscious
(see t)ll.l:AN{). In son're cases, a psvchoanalvst may

usc hypnosis to hclp gain insight into the paticnt's

unconscious (see Hvl)N()sls). Sessions of prsvcho-

analysis may take place several times each week for
nronths, or possibly vears.

The patient may find it difficult to talk freelv

with thc psychoanalvst at first. Horvever, ',vhen thc

pnticnt bcgins to trust the psvcl-roanalyst, the ana-

lyst usually can help the patier-rt understand his or
her inner problcms.

Psychoar-ralysis is used most ofien fbr paticr-rts

with mild mental clisorclers.

See,z ko l'}S\'(.HOL.O( ;\'.

PSYCHOLOCY (sr k6l'a fe) Psychology is the

br:rnch of science conccrncd with why hum:rn

beinss and other anirnals behave as they do. The
wctrd psycho/ogy comes from the Grcek words ps7-

che, meaning "mind," and iogos, meaning "study

of." Ps1'chologv is a very broad science. Str-rdies in

psychology range frorn the abilitv of mice to lcarn

the path through a maze to the causes of interna-

tional tensions. Most psychologists have a master's

or doctoral degree in psvchology.

Psvchologists are interested in all animal experi-

ence-how creaturcs learn to perlorm verious

tasks; how they solve problen"rs; how thcir senses

work; and what the reasons are for various thoughts

and feelings. Althor-rgh psvchologists have lcarnecl

much about behavior and experience, there is still a
great dcal to be discovered in this field.

Psl.chology is frequently grouped with biologv,

sociologv, and anthropology as one of the behav-

ioral sciences. Psychology is also related to psvchia-

try (see PSYCHIATRY).

History Psychology was once a field of study
withir-r philosophv. In ancient times, Plato,
Aristotle, and other philosophers developed theo-

ries about the causes of behavior and the relation-

ships berween mind and body.

Psychology became established as a science in

1879, when Wilhelm Wundt set up the first psycho-

logical laboratory in l-eipzig, Germany. From the

late 1800s until the 1930s, four different ways of
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studying the mind were developed. These methods,

or "schools," of psychology are structuralism, behav-

iorism, gestalt psychology, and psychoanalys i s.

Structural psychologists, such as \7undt,
believed the main purpose of psychology was to

describe and analyze the way people experience or

perceive things through their senses. For instance,

the sense of sight gives the mind a great deal of
information, including color, size, shape, and dis-

tance. The sense of touch gives information about

texture, heat, cold, pain, and so on. Structural psy-

chologists wanted to find out what kind of infor-
mation the mind was getting. Introspection was the

chief method that these psychologists used.

Introspection takes place when a person observes

his or her own experiences when stimulated by

some oh ject or event.

In 1913, John B. Watson, an American psy-

chologist, introduced behaviorism into psychol-

ogy. Behaviorism was a reaction against the
structural method of introspection. \Tatson called

for psychologists to study the behavior of people

and other animals. Behavioral psychologists
began laboratory experiments on the way people

and other animals behave in various situations.

For example, Ivan Pavlov conducted experiments

on the reflexes of dogs (see lavt.c-lv, IVAN).

Behavioral psychologists continued these experi-

ments to find out how people or other animals

usually behave. They tried to determine if behav-

ior can be changed and how it can be changed.

About 1912, Max'Wertheimer began developing

PSYCHOLOGY-
Ivan Pavlov

The Soviet
psychologist lvan
Pavlov helped
establish behavioral
psychology with his
studies of
conditioned reflexes
in dogs.

gestalt psychology in Germany. In the 1930s,
ti7ertheimer and his associates moved to the
United States, where they headed the gestalt

movement. Gestalt is a German word meaning
"pattern" or "form." Gestalt psychologists
believed that people perceive things in patterns or

groups, not in individual parts that they then put
together. For example, if people look at an

automobile, they see all at once a whole object

that has windows, doors, tires, and so on. They

do not first see each tire, each door, and each win-
dow separately. Gestalt psychologists created tests

to determine patterns of perception (the ability
to be aware of things and understand them
through the senses, especially sight). The most

famous of these tests is the inkblot test. In such

a test, a person describes what he or she sees

in the inkblot. Gestalt psychologists attacked

the view of structural psychologists that experi-

ence could be broken down into its parts, such as

seeing, hearing, and touching. Gestalt psycholo-

gists believed that all these processes must be

studied together in order to understand how peo-

ple actually think and perceive things (see

\TERTHF,IMt,R, MAX).

Psychoanalysis began in the early 1900s with the

work of Sigmund Freud (see FREUD, SIiiMUND; PSY-

cHoANALYSts). According to Freud, people tend to

repress (push out of the conscious, thinking mind)

any thoughts or memories that they or other peo-

ple do not approve of. These repressed thoughts

have a great effect on people's behavior. Although

many psychologists today do not agree with many

of Freud's statements, Freud is given credit for
showing how the unconscious mind can influence

behavior.

Branches of psychology Today, psychology is

divided into several major specialties. Experimental

psychology is concerned with laboratory research

on humans and other animals to find out what

causes specific behaviors. Physiological psychology

is concerned with the relationship berween behav-

ior and the function of the nervous system. The

psychology of learning deals with how people learn,

that is, how people get ideas and put them to use.

,i \,
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PSYCHOLOGY-Educational psychology

Educational psychologists use intelligence tests to estimate
the development 0f reas0ning skills in young children.

One branch of the psychology of learning, called

educational psychology, studies the problems of
learning in schools. Another branch, called cogni-

tive psychology, studies how people process infor-
mation and store and retrieve information in their

memory (see i-nanNtNct AND MEMoRy). Child psy-

chology is the study of the growth and develop-

ment of children.
The psychology of individual differences is con-

cerned with discovering why people act in the same

way as or differently from each other. Psychologists

in this field have developed many different kinds of
tests to find out about people's individual charac-

teristics (see PSYCHOMETRIC TES'l'lNG).

Abnormal psychology is the study of mental or

emotional problems. Psychologists, often working
with psychiatrists, try to find out the causes of these

problems and suggest ways of working them out.

Social psychologists study the behavior of people in

groups. For example, a social psychologist may

study how a group of sixth-graders behaves toward

a group of third-graders. Personnel or industrial
psychologists try to discover what kind of job a

person is suited for. Thev try to help workers who

have problems in getting along with other workers.

Psychology in daily living To understand

why we behave as we do and how we experience

things is of great importance in our dailv lives. Such

an understanding helps people understand them-

selves and their feelings. By learning to understand

themselves, people can lessen their worries and

fears and adapt to various situations.

People also want to discover their skills and apti-

tudes. Such factors can help them in selecting a

career that could make them h"ppy. Understanding

human behavior helps people teach children, both

at home and in school, and can also guide them in

getting along better with each other. Psychology is

also widely used by advertisers to try to persuade

people to buy their product, and bv political orga-

nizations to try to gauge and influence what people

rhink about the organization.

See also L,MO'ftoN; tNSTtNCi'l'; INTELLIGF,NCF-; N'tEN-

TAL ILLNESS; PIACEI JEAN.

PSYCHOMETRIC TESTING Psycho-

metric testing is used by psychologists to give a sys-

tematic measurement of mental processes or behav-

ior (see PSYCHOLOGY) . Some tests measure a

person's interests (likes and dislikes). Others mea-

sure how well a person does in comparison with
other people of the same age and similar back-

ground. Some tests measure aptitude (things for
which a person has a particular talent), personality,

achievements (what a person has learned so far),

and attitudes (opinions).

Some psychometric tests measLrre people's

responses to physical objects or stimuli in
controlled laboratory conditions. Most psycho-

metric tests, however, are designed to measure

how people think r.rsing scales of preference or

ability. The person rates what he or she thinks
about a certain question or task. For example, 1

could mean "excellent" or "strongly agree" and 5

"very poor" or "strongly disagree," with values in-
between standing for less strong opinions. How
people rate themselves on the scale can then be

used to show their attributes and opinions

l)4 /
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compared with othcrs, or to urlcover emotions or
mental conflict. (iroups of people can be tested

using the survey or questionnaire rnethod.
Psychologists can receive sets olanswers to a stan-

dard questionnaire and so learn about the charac-

teristics, interests, or achievements oF that
particular group.

PSYCHOSOMATIC DISORDER (si'ka

sO mlt'ik dis 6r'dar) A psychoson'ratic disorder is

a physical illness that is caused or chiefly influ-
enced by the emotional state of the person. The
term psychosomlttic comcs frorn the (lreek words

psyche, meaning "mind," and somd, n'reaning "of

the body."
Physicians know thart emotional disturbances

often aflect a person's body. For example, when a

person is angry or afraid, a certain hormone flows

into the blood and speeds up the action of the

heart (see t-MOl'roN; HC)RMONB).

There are various physical ilhresses that seem to

be associated with emotional disturbances.
Among these are asthma, stomach ulcers, rheuma-

toid arthritis (stiffness of the bone joints), hyper-
tension (high blood pressure), and some types of
obesity (overweight). Disorders in which mental
problems can calrse physical svmptoms, such as

apparent paralysis of an arm, are not considered

psychosomatic. J'his is because the "paralyzed"

arm has nothing physically wrong with it. The
nerves and muscles are capable of working nor-
mally, but a mental problem prevents this.
Psychosomatic disorders require both medical
treat ment and psychiarric rlcarmerrt.
See also N,{E.DICINF,; PSYCHIATRY.

PTERIDOPHYTE (t: rid'a lir) The pterido-
phytes are a large group of flowerless vascular plants
(see VASciUIAR PlANl'). They include the ferns,

horsetails, and club mosses (see CLUB MOSS; FERN;

HORSETAIL). Although these plants do not have

flowers, they do have true roots, stems, and leaves.

Giant species of these plants grew in great forests

about 250 million years ago, nea.r the end of the

Paleozoic era (see PAI-LOZOIC L.RA).

\X/ith the exception of some tropical tree ferns,

the living ptcridophytes
plants (see u t-.Rll/\(.1-.()LJ.s

phytes, like many other
el r.'r'rration oF generrr t iorrs.

See a/so ALI'F.lLNA'l'l()N ol
KIN(]tX)M.

:rre small herbaceous
I,l.AN I'). The pterido-
lower plants, r-rndergo

(;llNtlRA'l lONS: l'}l.AN'l'

PTERIDOPHYTE

Pteridophytes are a group
of simple plants that include
ferns (top) and horsetails
(above and left).
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PTERODACTYLUS (ttr'e clirk'trl x) Ptero-

dacty/us is a genus of prel'ristoric winged rcptilcs

known as ptcrosaLrr-s (see I'I t:l{()sALlR). I)teroddctylis

a shorte ncd lorm clf the name that Llsed to refer tcr

pterosaLlrs. Pterosrrtrrs existecl fror"r-r the late Triassic

period to thc cncl of thc (lrcraceous period (220 t<t

(r5 million years ago). Mode rn birds arc not
descenclcd from thc prte rodactvls.

Pterosaurs with short tails are known as ptero-

dactyloids. Pterodactyloids existecl during the

Jurassic and Crctaceous periods (150 to 65 million
years ago). The reason for the extinction of ptero-

dactyloids at rhe cnd of the Cretaceous periocl is

uncertain.

See ako I)lNOSALll{.

PTEROSAUR (tEr'a s6r') Tl"re pterosalrrs were a

group of winged reptilcs tl'rat existecl at the time ol
the dinosaurs, from the late Triassic periocl to the

end of the (lretaceous period (220 to (r5 nrillion
years ago). AlthoLrgh they wcre not dinos:rurs, thcy
were closely related. Modern birds are not
descendcd fron'r pterosaurs.

Pteroslrurs we rc vcrv :rctive , flappine thcir rvirrgs

like birds rather than glicline like flving squirrels.

However, the pterosaur's wir-rgs rvere like a bat's

wir-rgs. Each wing hacl lour finqcrs. The frrst three

fi ngcrs wcre short ancl usccl firr erasping. 1'he

fburth finger wrrs long rrnd supported the rrnimrrl's

rncnrbranous wittg. -l'he 
rvingspan ol pterosr.lurs

rar.rged fionr 1 to 50 fi. 10.3 to 15.5 ml.
'fhe earliest pterosaurs hrrcl narrow winqs rrncl rr

long tail. Onc lone-tailccl ptcrosaLrr is Rltnm-

phorhynchus, rr seagull-sized pterosallr frorn lrrte

Jurassic tirnes. Sorne later pte rosrlurs l-rad short tails.

Perhaps the best known of tl'resc short-tailed tvpes

is PterorJnct-ylzr, which rvas about thc sanrc sizc ;rs

Rhnrnsthorhynchtu ancl livec'l at the same tirr-re (see

I'l l--R()l)A(.lYt.tJS). The nrure, shortenecl to "ptero-

dactyl," usccl to be thc popular name fbr tl-re lvholc

pterosaLlr grouP.

Pterosaurs camc in ir glerlt rnrrrrv siz-cs rrncl shapcs.

Sornc, lrke Ranrcho,qLtdthus, rvere about the size of
sparrows and atc insects. Others, like the late
(lretnceous Qt rctzd /co dt / u s and A ra m /t o u rgl n r t,t, w er t
the size of small airplrnes and probablv ate fish.

P etei nos a u rus

Rhamphorhynchus

PTEROSAU R-D ifferen t types

Pt e r o d a cty I u s and A n u ro g n alhus we re sh o rt-ta i I e d

pter0saurs. ln c0ntrast, Peteinosaurus and
Rh an phorhynchus had long, reptilelike
tails.

Anurognathus
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PTEROSAUR-r$(/i n gspan

0uetzalcoatlus was i giunt
pterosaur with a wingspan
of 39 ft. [12 m].

,--:--.#---=*--

PTEROSAUR-Fossil

Sometimes scientists find a fossii 0f a c0mplete pterosaur
skeleton, such as this one (above). The head became turned
back as the animal's body dried 0ut before it was buried.

Pterosaurs were covercd with hair like modern

bats, showing that they were probably warm-
blooded like marnmals rather than cold-blooded
like other reptiles. Thc rcason for their extinction

at the end of the Cretaceous period is uncertain.

PTOLEMY (tol'e me) Ptolemy was a Greek

scientist who lived in the second century A.t). Very

little is known about his lilt. F,ven the years of his

birth and death are not known. Ptolemy studied

astronomy, mathematics, and geography. He

named forty-eight of the eighty-eight constella-

tions recognizcd today (see coNS'fI,LLATION).

Ptolemy wrote a series of books called the
Almagest. These books contained all that was

known about astronomy at that time. In thc
Almagest, Ptolemy presented his system of the uni-
verse. He thought that thc earth was at the center

of the universe, and all the obiects in thc universe

revolved around the earth. Ptolemy's system was

accepted for more than one thousand years, until
Copernicus developed the theory that the earth

revolved around the sun (see coPERNICUS).

Ptolemy also wrote a book on geography. In this

book, the idea of latitude and longitude was intro-
duced for the first time.
See AIso LAfITUDE, AND I,ONGITUI)1,.

PUBERTY (pyo-o'bar te) Puberty is the period

of rapid physical changes in humans that mark the

end of childhood and the attainment of sexual

maturity. Puberty begins the stage known as ado-

lescence and usually occurs at about age eleven or

twelve (see RoctltscENCtE). However, puberty
may begin at different times for different people.

For example, puberty may occur as early as age ten

or as late as the middle teens. After puberty, boys

and girls have the ability to reproduce (see ntlRct-
DUCTION).

Males generally enter puberty at about age

twelve . During puberty, their testicles grow larger

and begin to produce the hormone testosterone
(see HOnl,roNL,; fESTICI-E). This hormone causes

the body to become heavier, stronger, and taller;

the shoulders to broaden; and the voice to deepen.

Increased testosterone and other androgens that

are produced by the adrenal glands also cause hair

to grow on the face, under the arms, and around

the genitals (sex organs). Many males at this age

also begin to experience "wet dreams," or sponta-

neous nighttime ejaculations of semen (the fluid
that contains sperm) .

Pr"rberty generally begins in females at about age

eleven. During puberty, the ovaries begin to
produce increased amounts of the hormone
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estrogen. Estrogen causes the ovaries and the uterus

to mature, the breasts to enlarge, and the hips to
widen (see oVARY; UTERUS). Androgens cause hair
to grow under the arms and around the genitals (see

REPRODUCTIVE SYSTEM). By about age twelve, the

first menstrual cycle occurs.

See a/so MENSTRUAL (IYCLE.

PUFF ADDER
The puff adder gets its name from its habit of puffing air out
of its mouth before striking its prey.

PUFF ADDER The puff adder is a poisonous

snake that belongs to the viper family, Viperidae
(see Vtl'tR). It is a thick, large-headed snake that can

reach several feet in length. The puff adder eats

{

lizalds and small mammals. There are many species

of puffadders. -fhe1. live in the forests, deserts, and

grasslands of Africa. They are called puff adders

because thev puff out air with a hissing sound
before they strike.

See ttko ADDF,R; SNAKE.

PUFFIN A puffin is a seabird that belongs to the

auk family, Alcidae (see Aur). It is a stocky bird
with a short tail and wings. The puffin grows to 11

to 12.5 in. 127.5 to 30 cml in length. It has an

unusually large, orange and yellow bill; a white
face; and a dark brown back and wings. Three
species of puffins live off the coasts of North
America.'l'he horned puffin and the tuftcd puffin
live in the North Pacific Ocean, while the common
puffin lives in the North Atlantic Ocean. All three

species spend most of the time on the open ocean,

where they feed on fish, especially sand eels, and

other small sea creatures. 'I-hey can dive deeply,

PUFFIN

The puffin (above) uses its
colorful bill to carry fish,
such as sand eels, which it
catches in coastal seas.0n
land, puffins form large
colonies (left), making nests
in burrows.
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using their wings to swim under the rvater. They

come ashore only to breed. When they are breed-

ing, puffrns are fbund in large numbers on rocky

islands and coastlines.

PULLEY A pulley is a simple machine that con-

sists of a grooved wheel, or a group o1t grooved

wheels, around which a rope or chain can be run
(see l\4ActHINE, .slr\4pr-[,). One end of the rope is

pulled to lift a weight at the other end. A sinrple

pulley consists of a single pulley wheel over which
a rope or chain nrns. 

-l-his type of pulley is used to

lift a load (see I-o,tD). It cloes not reduce the fbrce

needed to lilt the load but changes the dilection in
which the force needs be applied to a more convell-
ient direction (sec FoRCI). The use of rnore than

one pulley'wheel magnifies the force applied (called

the effort) so that a heavier load can be liftecl bv a

PULLEY

Pulleys are important parts of cranes. Pulleys change the
direction of the lifting force and provide mechanical advantage.
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ACTIVITY Make a pulley

.ffi6w

Cut both ends of a wire coat hanger about 8 in. [20
cmJ from the hook. Bend the ends at right angles and
slip them through a spool. Hang a string, with a

weight attached to one end, over the spool. See how
much f orce is needed to lift the weight.
Caution: Be very careful when cutting the wire.
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smaller Forcc. In this case, the pulley sysrem is said

to have a mechanical advantage of greater than one.

The mechanical advantage depends upon the

arrangemcnt of the pulley wheels. For insrance, an

arrangement with rwo ropes supporting the load will
lift it with half the effort needed to lifi it directly (if
friction is ignored). This arrangement is said to have

a mechanical advantage of 2. A pulley arrangemenr

that has four ropes supporring the load will have a

mechanical advantage of 4. 
-fhis 

means that the pul-
leys will lift the load with one-fourth of the effort
needed to lift the load directly.

PULSARA pulsar is a star that gives off rhythmic
pulses of radio waves and other forms of electro-
magnetic radiation. Pulsars are generally believed

to be rapidly spinning neutron stars (see lll-L(lt'Ro-

MAGNE.'fl(l RAI)lA'l'lON; NIIU IRON S'l-AR; STAR).

Pulsar stands for "pulsating radio star." British
astronomers discovered the first pulsar in 1967 (see

AS'IRoNOMY). Today, about five hundred pulsars

have been discovered.

Pulsars give off radiation at a very regular rate,

varying from one pulse every few seconds to a few

thousand pulses per second. Astronomers think
that younger pulsars give off more rapici pulscs than

older pulsars.

The most fumous pulsar is in the Crab Nebula
(scc tlRAu NF-llut.A). This pulsar pulsates about
thirty times pcr second. -I'his ratc is decrcasing

slightly each year.

PULSE The pulse is rhe wave of pressure that
passes through the body's arteries every rime rhe

heart contracts to pump the blood (see ,\RI'F.t{\';

BLooD; HTARI'). The pulse can be felr by placing
fingers on the wrist above the thumb. The pulse

can also be felt by touching the temples or other
locations on the body where an arterv is near the

surface of the skin.

Pulse rates change with arge. The pulsc rate of a

child is faster than that of the average healthy aclult.

Older people often have a slower pulse rate than

yollnger adults. 'l'he average pulse rare lor an erdult

male is 72 beats per minute. The average pulse rate

for an adult female is TU beats per minute. 'l'he

average rate for a seven-year-old child is 90 bcats

per minute. A newborn baby can have a pulse rare

of t40 beats per minute. Older acl-rlts carn have

pulse rates that range between 50 and (r5 beats per

minute.
See A/so CIRCULN|ORY SYSTT]\4.

PULSAR

These X-ray images
central pulsar "on"
pulsa r is thought to

of the Crab Nebula show it with its
(below) and "off" (below right). The
be a rapidly spinning neutron star.
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PUMA (pyoo'rna) The puma is a large, wild
mammal belonging ro rhe cat family (see car).
Pumas live throughout the Americas, from
Canada to Patagonia (the southern part of South

Arnerica) . These animals can live in deserts,
mountains, or forests.

The pun'ra is called by several other names,

including mountain lion, cougar, cdtttmounL and
panther. The name panthel is also given to several

other t1'pes of cats.

The adult puma generally looks like a female
iion. It may be either gray, reddish, or yellowish in
color. Some pumas are solid black. A full-grown
puma may be 5 ft. [1.5 m] long, not including its

long tail. The females have from one to six cubs at

a time. Litters (young born at one time) are usually
rwo years apart.

Pumas often hunt at night. The animals are

famous for their stamina and strength. They can

run great distances while hunting. The puma's

main food is deer. Pumas may carry their victims
slung over their backs. They often feed on old and

diseased deer. In this wa1., they help keep the pop-
ulations of deer in a healthy state.

PUMA

The puma is a large
member of the cat family
that lives throughout the
Americas. Many live in
mountainous areas, where
they are known as mountain
lion s.

PUMICE (pirm'is) Pumice is a lighmeight, gray-

colored rock containing many tiny holes (see

RoCK). It is used for polishing, scouring, and scrub-

bing, either as a powder or in pieces. In the home,

pieces of pumice are sometimes used for removing
stains or calluses (hard skin) from the hands and
feet. These pieces are known as pumice stone.

Pumice is a type of volcanic rock. \i7hen a vol-
cano erupts, it throws out nolten lava (see LAVA;

voLCANo). Pumice is formed when acidic lava

cools and hardens very quickly.Lava contains vol-
canic gases. \When lava cools quickly, these gases

become trapped. The trapped gases form bubbles

that leave holes in the rock. This is how the holes

form in pumice. Because purnice has so many
holes, it is often light enough to float in water.

Sometimes, solid lumps of pumice are blown out of
volcanoes during explosions. This happened dur-
ing the famous Krakatoa explosion in 1883. Sailors

reported seeing large masses of pumice floating in
the ocean.

PUMP A pump is a rnachine that is used for
transferring fluids from one place to another. A
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Bevo lving
blades \ .,'ffi
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PUMP-C"r..ifug.l 
""d ryry pumps

ln a centrifugal pump (above), the fluid being pumped is fed
to the center of a set of revolving blades. lt is flung 0utward
by the blades and discharged. ln a gear pump (above right),
a type of rotary pump, the fluid is carried around by a pair of
gear wheels and forced 0ut at the other side of the casing.

fluid can be either a gas or a liquid. There are four
main kinds of pumps: the reciprocating pump, the

rotary pump, the centrifugal pump, and the vac-

uum pump.
The simplest reciprocating pump is a bicycle

pump. A bicycle pump has a piston that is attached

to a handle. A piston is a cylinder that moves up

and down inside a larger cylinder. As the piston is

First upstroke
of piston

Cylind e r

Atmospheric

f essure

pulled up the larger cylinder, air is sucked in
through a valve. Then the piston is pushed back

down in the cylinder. The force of the air closes the

valve, and the air is pumped into the tire. This is
called a single-acting pump.

Some reciprocating pumps have a valve on each

PUMP-Reciprocating pump

A lift pump is a type of reciprocating pump.As the handle of
a lift pump is pushed down, the piston goes up, and the
pressure of the air outside forces water into the cylinder
through a valve at the bottom (below). The handle is then
pulled up, and water flows through a valve in the piston. The
handle is pushed down again, the piston rises, and the valve
in the piston closes. This pushes water 0ut of the spout of the
pump, as more water fills the space below the piston.

Second upstroke
of piston

ffi*',

. tr.t
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side of the piston. Then the piston pumps fluid
when it is moving in either direction. This pro-
duces a more even flow of fluid. This is called a

double-acting pump. Another example of a recip-

rocating pump is the lift pump. This is the type of
pump used for pumping water from wells.

In a rotary pump, the fluid is transferred by a

rotary (turning on an axis like a wheel) device. A
gear pump is one kind of rotary pump. A gear

pump contains two gear wheels that interlock.
These wheels turn around inside a casing. The
fluid is carried around the gears in the spaces

between the teeth. In this way, the fluid is trans-

ferred from one side of the gears to the other. The
gear pump works well for heavy liquids, but it
does not work well for gases. Gear pumps are

widely used in the petroleum industry. Other
kinds of rotary pumps have spinning blades
instead of gear wheels.

Centrifugal pumps contain a motor-driven fan-

shaped device called an impeller. The impeller
spins around very rapidly as fluid is fed into the

middle of it. The fluid is then flung ourward by the

vanes of the impeller into the chamber. Usually,

centrifugal pumps contain a number of impellers,

perhaps twenty or more.

The vacuum pump is widely used in industry for
emptying containers of fluid. \When a fluid, such as

steam, flows through a pipe, it travels faster where

the pipe narrows. \When a fluid travels faster, its

pressure decreases. Therefore, the pressure of a

fluid decreases when it flows through a narrower

pipe. This principle is used in a vacuum pump. A
pipe of variable width is placed in a container of liq-
uid or other fluid. Steam enters the pipe and then

flows into a narrow section. The narrow part of the

pipe contains many tiny holes. As the steam flows

through the narrow section, its pressure decreases.

This causes the fluid in the container to be sucked

in through the small holes. In this way, the fluid is

pumped out of the container.

PUPA (pyoo'pa) The pupa is the nonfeeding, usu-

ally nonmoving stage in the development of certain

insects. The pupal stage follows the larval stage in
complete metamorphosis (see LARVA; METAMOR-

PHosIS). The pupa makes hormones that cause it to
develop into an adult (imago) (see HoRMoNE).

\fhile in the pupal stage, the insect develops wings

and other structures characteristic of the adult. In
many insects, the pupa is enclosed in a covering

called a cocoon. The pupa of a butterfly or a moth
is often called a chrysalis.

See also BUTTERFLY AND MOTH; CHRYSALIS;

COCOON; INSECT.

PURSIANE FAMILY The purslane (prirs' lin)
family (Portulacaceae) includes about 500 species

PTIRSLANE FAMILY

The purslane Portulaca
oleracea is a weed that
multiplies rapidly. lts thick
growth soon kills other
plants.
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of annual and perennial herbaceous plants. They
are all dicotyledons (see RNNuaL ILANT; DICorvI-E-

DON; HERBACEOUS PLANT; PERENNIAL PLANT). ThC

leaves are simple and fleshy and sometimes form
rosettes. The flowers have colorful petals, and

many species are grown in gardens.

Members of the genus Portu/aca are able to with-
stand unfavorable environmental conditions. They

grow in almost any type of soil. The species

Portulaca oleracea is frequently called pusley or
purslane. This weed covers large areas and multi-
plies very quickly. It covers the ground with such a

thick growth that it kills other plants, although one

form is grown as a salad vegetable.

See also \rEED.

PYRAMID (pir'a mid) A pyramid is a large

structure with a square base and four triangular-
shaped sides that come to a point at the top. In
ancient times, people built pyramid-shaped
buildings as tombs or temples. The most famous

pyramids are those that were built around 4,600
years ago as tombs for Egyptian pharaohs (kings).

PYR

The Egyptian pyramids are considered to be

among the Seven 'Wonders of the Ancient \forld.
Ancient pyramids are also found in Mexico and

Central and South America.

The ruins of thirty-five pyramids still stand
along the Nile River in Egyp,. The pyramid of
Khufu, called the Great Pyramid, contains more

than 2 million stone blocks that average 2.5 tons

[2.3 metric tons] each. The pyramid was originally
481 ft. lI47 m) tall, but some stones have fallen off,
and it is now about 459 ft. [140 m] tall. Its base

covers about 13 acres [5 hectares].

The Egyptian pyramids are a miracle of building
skill. The ancient Egyptians had no machinery or
iron tools. The huge blocks that make up the pyra-

mids were cut out of limestone quarries with cop-

per chisels and saws. They were then dragged many

PYRAMID-ConStruction
The ancient Egyptians built the pyramids with huge blocks
of stone. They had no machinery or iron tools, so they used
copper chisels and saws to cut blocks out of limestone
quarries. The blocks were then dragged by teams of men
across the desert and up ramps to the upper levels of the
pyramid.
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PYRAMID-Inside
Deep inside the pyramids are the burial chambers of
Egyptian pharaohs. Other rooms held objects the king might
need in the next life. After the burial, workmen slid stone
blocks down the passages t0 try to keep out thieves.

miles across the desert by teams of men. More than

400,000 men worked each year for twenty years to

build the Great Pyramid. \When the first layer of
blocks was in place, ramps were built so that blocks

could be dragged to upper layers.

Inside the pyramids are hidden chambers that

hold the mummified (dried and wrapped in cloth)

bodies of Egyptian pharaohs. These rooms were

filled with gold and treasure. Passageways con-

nected various other burial chambers inside the

pyramid.
The native peoples of Mexico and Central and

South America built pyramids that had flat tops.

The flat tops served as bases for their temples. The

pyramid built by the Toltecs near Cholula, Mexico,

is one of the largest pyramids in the world. Other

well-known pyramids are located near Mexico City,

Mcxico, and in Peru.

The pyramid is also a shape in geometry. The base

can have three or more sides, and this determines

how many triangular side faces there are. A pyramid

with three equilateral faces is called a tetrahedron.

,See ako cEOMIITRY.

PYRITE (pi'rit') Pyrite (FeS2) is a brassy yellow

mineral made of iron and sulfur. Because of its
color, pyrite is often mistaken for gold. Therefore,

it has been given the nickname "fool's gold." Pyrite

can be distinguished from gold by its much higher

degree of hardness and brittleness.

Pyrite is an important source of sulfirric acid.

Largc deposits of pyrite are fbund in Spain, the

United States, Italy, and Norway.

See a/so (;Ot-I); l\{lNF-RAl..

PYROMETER (pi r6m'i tar)A pvromerer is a.r

instrument that is used for measurit'tg high tent-

peratures. Some types of pyronre ters l-neasure

thermal radiation in any temperature range. It is

used, for example, to Ineasure the temperaturc in

a furnace. There are two main kinds of pyronrc-

ters: the radiation pvrometer and the optical
pyrometer.

In a radiation pyrometer, heat is concentrated

by a lens onto a device such as a the rmocouple (see

THLRMOCOUPLE). When a thermocouple is

heated, it produces an electrical voltage. The size

of the voltage depends on the temperature.
Sometimes, a bolometer is used instead of a ther-

mocouple. A bolometer has two strips of plat-

inum. \iZhen the platinr-rm strips heat up, the

electrical resistance of the strips changes. The

change in resistance can be correlated with tem-

perature (see nl,slst,lNCE, [.LF,Cl'Rl(]AL).

Optical pyrometers use the light coming from a

hot ob ject to measure the object's temperaturc. 'fhe

brightness and color of the light change with the

temperature of the object. The light is compared to

the light from a tungsten filarment (threadlike

structure) (see 'ruxcsrlx). The filamenr is seen

against the background of light from the object.

The voltage through the filament is varied. The

changing voltage heats or cools the filament and

makes it brighter or dimmer. At a certain voltage,

the filament disappears in the background because

the color of the object and the color of the tungsten

filament are the same. The size of the voltage

through the filament can be correlated with the

temperature of the object.

PYTHAGOREAN THEOREM (pi thag'a

re'an the'ar am) The Pythagorean theorem is a the-

orem in geometry that states that the square of the

length of the hypotenuse of a right triangle equals
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the sun of the squares of the lengths ol the other

two sides. A right triangle is a triangle that contains

a right angle. 'fhe longest side in a right-angled

triangle is rhe one opposite the right angle. This
side is called the hypotenuse.

To understand the Pythagorean theorem, cot-t-

sider the following example. Suppose a simple right

trianglc has sides of 3, 4, and 5 units. The 5-unit
side is the hypotenuse. The square of the

hypotenuse is 25 (5 x 5). The square of the other

sides are 9 (3 x 3) and 16 (4 x 4).By adding those

two sides together, we have the eqr-ration:9 + 16 =

25. This shows how the Pythagorean theorem

works. People can use the Pythagorean theorem to

find the length of one side of a right triangle when

the lengths of the other two sides are known.

Thc Pythagorean theorem is named after the

Greek mathenratician and philosopher Pvthagoras.

He lived from about 580 to 500 n.c. However, he

probably did not come Lrp with the theorem him-
self. It is more likely that it was formulated by one

of his followcrs after Pythagoras' death.

See d /so (l LOI\'{ F.'l'RY.

PYTHON Python is a genus that includes 20 to

25 species of large, nonpoisonous snakes belonging

to the familv Boidae. Pythons are native to the

tropical parts ol Africa, Asia, and Australia. Most

live near the water and are able to swim and climb

well. Pythons are related to the boas (see ttttR).

Unlike the boas, however, pythons are oviparous.
'l'his means that they lay eggs that hatch in a nest. A

female python lays fifteen to one hundred eggs at a

time, depending on her size. She then coils herself

around the eggs and incubates them (keeps them

warm) for abor-rt seventy days. This helps keep the

eggs slightly warmer than the surrounding air.

The largest python is the reticulate python. It
may reach 31.5 ft. [9.(r m] long and weigh 25416.

Il l5 kg]. It rivals the giant anaconda of South

America as the world's largest snake. Some reticu-

late pythons prey on small goats, pigs, and deer, but
they usually prefer smaller animals.

'l'he Indian python and the African rock python

are smaller, usually less than 23 ft.17 m] long. 
-l-he1,

prey on a wide range of animals, including rodents,

small antelopes, and birds.

A python kills its prey by wrapping itself in coils

around the victim and squeezing it to death. By

tightening its coils, the python cuts off a victim's cir-

culation and breathing. The python then swallows

the dead victim whole. During the next few days,

the python hardiv moves at all as it digests its meal.

See also SNAKI.

PYTHON

The Calabar python is a

burrowing snake f rom
western Africa. lt is one of
the smaller species of
pythons, growing to a

length of only 3.3 ft. [1 m].
When alarmed, the snake
curls up with its head on the
inside. lt then flicks its tail,
which resembles the head
of a snake that is striking at
prey.
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QUADRANT The quadrant is an instrument

that once was used by navigators at sea for measur-

ing latitude (location north or south of the equator,

measured in degrees) (see latt-luDE AND LONGI-
't'uDE). 

Quadrants were also used by astronomers

for finding the positions of stars.

A quadrant was made of a strip of metal shaped

like a quarter of a circle. Marked on the strip was a

scale from 0" to 90". At each end of the strip there

were two more strips of metal. They were joined to

each other where the middle of the circle would be.

At this joint, a lead weight hung from the end of a
cord or another strip of metal. Along one side of the

quadrant there were two holes. The navigator
would line up these two holes with the pole star

(the star toward which the northern end of the

earth's axis very nearly points). Someone else would
read aloud where the weighted cord passed across

the scale. This gave the angle of the pole star above

the horizon. This angle was the same as the latitude

at that point.
See also NAVIGAIION.

.1

QUADRANT
The quadrant was an early
instrument used by
navigators and astronomers
to measure the angle of a

star above the horizon.

QUAIL A quail is a small, chunky, chickenlike

bird that belongs to the family Phasianidae. It is

closely related to the partridge and pheasant. There

are six species of quail in North America. They
grow from 7 to l0 in. 117.5 to 25 cml long. The
feathers of the quail are mostly brown, black, and

gray in color. The quail's beak is short and stubby.

It is used to pick seeds, berries, and insects off the

ground. Quails live in fields and other open coun-

try. They are popular game birds. One well-known
quail is the bobwhite; its name sounds like its call.

-QUAIL
The common quail (left) and the bobwhite (right) are two of
the six species of North American quail.

QUANTA Quanta is the plural of quantum,
which is a very small quantity into which many

forms of energy are subdivided. The word quanta

was first used by the German physicist Max Planck

in 1900 (see PLANCK, MAX). In order to explain a

certain property of light, he regarded it as consist-

ing of "packets," or units of energy called quanta.

Today, the word is commonly used in nuclear

and particle physics and has a wider meaning. Any
quantity that can have only certain values is said to

be quantized, or made up of quanta. For example,

there exist many different tiny particles called sub-

atomic particles. A subatomic particle is a particle

that is smaller than an atom, such as a proton, neu-

tron, or electron (see ATotll). Some subatomic par-

ticles spin rather in the same way as a ball spins

when it is thrown. The spin can bel/z a unit, or l,
ltlz,2, and so on. However, it cannot be 2/: or l/+

of a unit. The spin is said to be quantized, because

$\!
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only these certain spin units, or quanta, are possible.

See also NUCLF,AR PHYSICS; PAKfICLL, PHYSICS.

QUANTUM THEORY Quantum theory is a

theory in physics based on the general idea that cer-

tain kinds of energy are subdivided into quanta (see

QUANTA). Quantum mechanics is the application
of this theory to such processes as the transference

or transformation of energy on an atomic or mole-

cular scale.

At the end of the 1800s, physicists considered

light as a wave motion. This theory of light
explained almost all of its properties. However,

there were some effects that could not be explained.

One of these effects was that hot objects give off
visible light. For example, a red-hot object gives off
mostly red light. The frequency (rate of occur-
rence) of the light given off depends only on the

temperature. The frequency does not depend on

the substance out of which the object is made. The
wave theory of light tried to explain how the fre-

quency depends on the temperature. However, the

theory failed at the frequencies of ultraviolet rays

(see utlRRvtot.F,T nav). This failure was known as

the ultraviolet catastrophe.

The problem was solved in 1900 by a German

physicist, Max Planck (see PLANCIK, MAX). He sug-

gested that the light can be thought of as consisting

of "packets" of energy. He called these packets of
light energy quanta (plural of quantum). His the-

ory, which became known as the quantum theory,

explained exactly how the frequency changes with

QUANTUM THEORY

The development of the
quantum theory in the early
1900s allowed scientists to
understand that electrons
could, under some
circumstances, behave like
waves. This understanding
made possible the
development of the electron
microscope (right).

the temperature. In Max Planck's theory, the

energy of each quantum is proportional to its fre-

quency. This can be written as E = hf Here, Eis the

energy, /is the frequency, and h is a constant. It is

called Planck's constant and is very small indeed. It
is equal to 6.6256 x 10-'34 joule seconds.

In 1905, the quantum theory solved another

problem. \When light falls on certain substances,

the substances sometimes give off electrons from

their atoms. This is called the photoelectric effect

(see PHoToL,LtCITRIC EFFECII). The light has to be

above a certain frequencv. The wave theorv could

not explain why light had to be above a certain fre-

quency. However, this was explained in 1905 by

the German-American physicist Albert Einstein.

He explained it by using Planck's quantum theory
(see EINSTEIN, ALBERI). He said that light consisted

of particles called photons (see PHOTON).

The next step in the development of the quan-

tum theory came in 1913. In that year, the Danish

physicist Niels Bohr used the quantum theory to
produce a fairly accurate model of the atom (see

AT'OM; BOHR, NILLS).

Now, physicists did not know whether light was

made up ofwaves or particles. The wave theory was

still needed to explain effects such as the diffraction
of light (see orrrzu+crtoN). However, in certain

experiments, light certainly behaved as if it were

made up of particles. The situation became even

more complicated in 1924.ln that year a French

physicist, Louis de Broglie, suggested that the parts

of the atom known as electrons could behave like

ffi{ ,ffi
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waves. Before this, electrons were thought of as par-

ticles (see ELECTRON). Two years later, a new theory

of the atom was produced by a German physicist

Erwin Schrodinger (see scHROI)INGER, ER\(/IN).

His theory was based on de Broglie's idea. Calling

his theory wave mechanics, Schrcidinger developed

an equation for describing the wave proPerties of
electrons. Solutions of this equation were described

by four values, known as quantum numbers. J'hese

numbers helped physicists describe the energy state

of an electron. In 1925, using quantum numbers,

the Austrian physicist'Wolfgang Pauli developed a

principle for determining how electrons are

arranged in layers called shells in the atom (see

PAULI, \(/OLFGANG).

At the same time that Schrodinger introduced

his theory, another German physicist, \ferner
Heisenberg, produced a different theory. using

mathematical devices called matrices (plural of
matix) (see MATRIX). His theory was called matrix
mechanics. Later, Schrodinger succeeded in show-

ing that wave mechanics and matrix mechanics are

different mathematical approaches to the same the-

ory. Finally, Heisenberg's uncertainty principle
helped show that waves and particles are comple-

mentary properties of electromagnetic radiation
(see EI.EC'I'ROMAGNETIC RADIAI'lON; UNCEI{IAINTY

PRTNCIPLE). Thus, particles can behave like waves

under the right conditions. For example, photons

and electrons can collide with other particles. A
wave could never take part in a collision. However,

photons and electrons cannot behave like waves

and particles at the same time. They always behave

like one or the other.

Since the 1920s, the quantum theory has

enabled physicists to understand many aspects of
the atomic world. For example, magnetism is now

fairly well understood. This would not have been

possible without quantum theory (see tr,t,+GNnl-

ISlv,t). Quantum theory is also used in solid-state

physics. Solid-state physics is the branch of
physics that studies solids (see SoLll)-S'1'ATE

PHYSICS). Quantum theory explains the properties

of solids in terms of the arrangement of their
atoms. Quantum theory has enabled physicists

to understand how transistors work (see

TRANSIS'fOR). Quantum theory is also an impor-

tant tool for understanding the subatomic
world-that is, the world of particles that are

smaller than atoms. With quantum theory, physi-

cists now understand many properties of the

atomic nucleus and of radioactivity.

Se e A Is o NUCLE,US; RADIOAC]TIVI.fY.

QUARK A quark is a tiny particle that is believed

to make up certain other subatomic particles. A
subatomic particle is a particle that is smaller than

an atom (see AToltr). Atoms have a central core,

called a nucleus (see Nucll,us). The nucleus is sur-

rounded by electrons (see ElEC't'RoN). The basic

structure of atoms was discovered in the early

1900s. Scientists later discovered that the nucleus is

made of smaller particles called protons and neu-

trons (see NEU'I'RON; PROTON). By the early 1960s,

scientists had discovered hundreds of other, smaller

subatomic particles. These various particles make

up larger subatomic particles or are involved in the

forces that affect particles.

In 1964, two American physicists, Murray Gell-

Mann and George Zweigof the California Institute
ofTechnology, proposed a new theory about sub-

atomic particles. They said certain particles are

made up of smaller particles, which they called

quarks. By 1971, physicists observed quarks in pro-

tons and neutrons using particle accelerators (see

ACCE I-ERA I'ORS, PARTICLE).

Different combinations of quarks are believed to

make up the subatomic particles called hadrons.

Protons, mesons, and neutrons are examples of
hadrons (see MESON; IARTICI-E IHYSICS). Protons

and neutrons are each made of three quarks, while

mesons consist of a quark and an antiquark (see

MESON).

At first, physicists believed there were three

types, called flavors, of quarks. The flavors were

named up (u), down (d), and strange (/. However,

physicists now believe six quarks exist. The other

three quarks are known by the names charm (t), nP
(t), and bottom (b) Top is sometimes called truth
and bottom is sometimes called beauty.

Each quark has an antiquark. An antiquark is an

antiparticle. Antiparticles are mirror images of their
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corresponding particles. They may have an oppo-

site electric charge or an opposite direction of spin.

See also ANTIMATTER; ELEMEN-IARY PARTICLES.

QUARRANG Qua..ying is a process by which

stone is taken out of the ground. The excavation, or

pit, from which the stone is taken is called a quarry.

The type of stone and the way it is to be used deter-

mine the method of quarrying.

Granite is difficult to quarry because of its hard-

ness (see cRANtl'l,). Granite is usually quarried by

the plug-and-feather method. In this process, a

series of small holes are drilled into the rock (see

DRTLLING). Then, nvo semicircular pieces of steel,

called feathers, are put in each hole. A steel wedge

called a plug is forced benveen the feathers. The

plugs and feathers are then driven into the ground,

splitting the rock. Further splitting of the rock can

often be done by using smaller tools.

Very sophisticated methods are used to quarry

marble (see tulaRnLr,). First, a sample of marble is

obtained by a machine that drills a deep hole into
the deposit. A cylinder of material is taken out, and

from it, experts can decide how deep below the sur-

face the best marble is. Grooves are then cut in lines

at right angles to each other, forming blocks. The

blocks are loosened and taken out by drilling or by

the plug-and-feather method.

Stratified (layered) rock is fairly easy to quarry.

QUARRYING
The Colonnata 0uarry at
Carrara, ltaly (left), is famed
as a source of fine marble.
The sixteenth-century
Italian sculptor
Michelangelo used Carrara
marble to carve many of his
statu es.

Sandstone, slate, and limestone are often quarried

by simple drilling or prying. \Weak explosives are

often used. Stronger explosives are used when bro-

ken stone is required for road building.
Stone is quarried throughout the world. Some

six thousand quarries in the United States produce

1 billion tons [610 million metric tons] of stone

a year.

See also EXCAVATION; MINING.

QUARTZ Quartz is a hard, glossy mineral made

of silicon and oxygen. Its chemical formula is SiOt
(silicon dioxide, or silica) (see siLIClA). Quartz
breaks much like glass and is common in almost all

types of rock.

Pure quartz, called rock crystal, is made entirely

of silicon and oxygen. It has a transparent, glassy

appearance and is used mainly for jewelry. Impure

quartz crystals include amethyst, a purple-colored

quartz, and citrine, a golden yellow variety.
Noncrystalline quartz, including jasper and flint, is

made of many fine grains instead of large single

crystals (see CRYSTAI-).

Quartz has many electronic uses because of its
piezoelectric nature (see t'tn'zonLEC'fRIC EFFECT).

This property of quartz allows the generation of
electric voltage across the crystal when it is

deformed. Because of this effect, electrical signals

can be changed into sound waves, and vice versa.
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QUARTZ
0uartz, normallytransparent, may be colored by impurities.
Pure quartz is called rock crystal. lt is used for making
lewelry.

The piezoelectric effect of quartz plays an impor-
tant role in radios, television, and radar.

Quartz has many other imporranr uses. It is used

to make glass and lenses thar transmit ultraviolet
rays. It is also used as an abrasive in sandpaper.

See also MINERAL; RocK.

QUARTZITE Quartzite is a rock made of quartz
crystals (which are made of silica) cemenred
together by silica (see CRySTAL; eUARTZ). 

'When

split, the quartz crystals as well as the cement split,
giving rwo smooth surfaces.

Quartzite is formed from sandstone in which the
quartz crystals have recrystallized. This recrystal-
lization can be caused by heat and pressure, resuh-
ing in a kind of quartzite called meraquartzire

ry
Massive outcrops of
quartzite rock are dominant
features of the Rustenburg
Nature Reserve in
Transvaal, South Africa.

(see vEtavoRpHlc RocK; RocK; sANDSToNE).

Recrystallization can also be caused by silica-laden
water, producing a quartzite called orthoquartzite.
See AIso SEDIMENTARY ROCK,

QUASAR (kwa'zar') Quasars are very bright
heavenly bodies that may be single stars or very

young galaxies (see car-exy; srAR). Quasars were

discovered in 1960. Radio astronomers noticed
very strong radio signals coming from certain parts

of the universe. The astronomers measured the
positions of the radio signals in the sky. Then
astronomers looked at photographs of those parts

of the sky and saw what seemed to be faint blue
stars (see RADIO ASTRONOMY).

It is believed that the universe is expanding,
because all the distant stars and galaxies seem to be

moving away from us. The farther away rhe srars

and galaxies are, the faster they are traveling.

Quasars seem to be moving very fast indeed.
Therefore, some astronomers think they must be

very far away. However, if quasars are very far away,

then they must be giving out huge amounts of
energy. Otherwise, astronomers would not be able

to detect them. The energy that quasars give out is
hundreds of times more than the energy that our
galaxy produces. There is another strange fact
about quasars. Their energy varies over a few weeks

or months. This could happen only if they were at
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least a million times smaller than our own galaxy.

It may be that quasars are not as far away as some

astronomers think. Some quasars seem to be asso-

ciated with certain galaxies. Astronomers know
that these galaxies are not as far away as the quasars

seem to be. If this were true, the quasars'brightness

would not be so unusual.

QUATERNARY PERIOD (kw6t'ar nEr'e

pir'e ad) The Quaternary period in the earths his-

tory began about 1.64 million years ago and

extends to the present. It is divided into the
Pleistocene epoch and the Holocene epoch (see

GEOLOGICAL TIME SCALE).

During the Quaternary, modern humans
emerged (see HUMAN BEING). They domesticated

animals and cultivated plants. The later part of the

Quaternary saw the extinction of many large mam-

mals. The modern species adapted to their respec-

tive ecosystems (see ECOSYSTEM; EXTINCTION).

The major climatic event of the Quaternary was

the ice age of the Pleistocene epoch. During the ice

age, periods of glaciation shaped the landscape of
the world's northern regions. Some geologists
believe that the Holocene epoch is actually an

interglacial age-that is, a period berween glaciers.

See also ICE AGE; PLEISTOCENE EPOCH.

QUICKSAND Quicksand is a fine, powdery

sand saturated (soaked) with water. It is found on

the bottoms of brooks and streams and along the

seashore.

Quicksand cannot hold very much weight. A
person may drown while trying to walk on thick
quicksand. It is rare for someone to be swallowed

up by quicksand, but a trapped person easily falls

face down and drowns in the water covering it.
Instead of struggling, a person who falls into quick-

sand should try to float on top of it by lying flat on

the back with the arms stretched out at right angles

to the body.

QUININE (kwi'nin') Quinine is a bitter sub-

stance that is taken from the bark of the cinchona

tree. Cinchona trees grow mainly in South
America, India, and Indonesia.

QUI

Quinine is used mainly in treating diseases, espe-

cially malaria. Quinine is especially used in tropical

regions where it is easy to obtain and inexpensive.

In the United States, quinine has largely been

replaced by synthetic (human-made) drugs.
However, doctors still use the drug quinidine to
treat certain disorders of heart rhythm. Quinidine
has the same chemical formula as quinine but dif-
fers from it in the way the atoms are arranged in the

molecule (see MoLECULE).

Quinine and quinidine may cause abnormalities

in unborn children. Pregnant women, therefore,

should not take these drugs without first checking

with a doctor.

See also MALARIA.
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QUININE
The evergreen cinchona tree has glossy green leaves (top).

The bark (bottom), sometimes called Peruvian bark, is the
source of the drug quinine, which is used to treat malaria.
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RABBIT Rabbits are small, furry mammals that,

along with hares, belong to the family Leporidae
(see HeRe; MAN.{MAl.). \7ild rabbits are usually
brown or gray. They are up to 20 i". [50 cm] long
and weigh up to 5.5 16.12.5 kgJ. Pet rabbits may be

any of several colors. They are often much larger

and heavier than wild rabbits. One breed, known as

the Flemish Giant, regularly weighs as much as 20

lb. [9 kg]. Rabbits have small, furry tails. They have

a keen sense of smell and are able to move their ears

to "catch" even faint sounds.

Rabbits usually live in underground tunnels

There are about forty-four different species of rabbits and
hares in the world, including ('l ) the volcano rabbit from
Mexico, (2) the eastern cottontail of North America, (3) the
c0mm0n European rabbit, and (4) the Bunyoro rabbit of
central and eastern Africa.

called burrows or in shallow holes called forms.

Frequently, these burrows and forms have been dug

and abandoned by other animals. Although rabbits

commonly live alone, they may form communities
and live in warrens. A warren is a group of burrows

that have been dug close together. Each warren is

ruled by a dominant buck (male) (see ttc-tH,tl-

NANCE).

Rabbits are peaceful, nonaggressive animals. If
threatened, a rabbit may try to hide by staying per-

fectly still. A frightened rabbit can hop farther than

10 ft. [3 m] in one hop. It can move faster than 18

m.p.h. [30 kph]. A rabbit tires easily, however, and

may try to ourwit an enemy by running in a circu-
lar or zigzag pattern.

Rabbits r.rsually sleep during the day and eat and

play at night (see NOC'I'URNAL BEHAVIOR). They are

herbivores and eat almost any kind of plant. Some

rabbits cause extensive damage to crops or garden

plants and are considered pests.

After mating and a pregnancy of about a month,
a female rabbit gives birth to a litter of two ro nine
babies, called kits. Some rabbits have more than

five litters a year. The mother stays near her kits and

feeds them for about two weeks. The kits are blind
and have almost no hair at birth, and the mother
covers them with grass and with fur from her own

chest. After two weeks, the kits start to leave the

burrow to explore their surroundings.

The two major kinds of rabbits are the cotton-
tails, or New World rabbits (genur Syluilagu), and
the European rabbits, or Old \World rabbits (genus

Oryctolagus). Cottontails live in North and South

America, from Canada to Argentina and Paraguay.

European rabbits are native to Europe and north-
ern Africa. They have since been introduced into
many other countries, including Australia, where

they have caused immense damage to the grazing

lands and forests. Some of the natural enemies of
rabbits include birds of prey, cats, dogs, coyotes,

foxes, minks, weasels, and wolves. Human beings,

however, are the greatest enemies of rabbits. They
hunt rabbits for their skin, fur, and meat. In areas

where they are pests, rabbits are poisoned or
trapped in great numbers.

See d/so BIOLOC]ICAt- CON-fROI-.

RABBIT
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RABIES (ra'bez) Rabies is a disease that is caused

by a virus. The disease, which almost always causes

death if untreated, destroys thc nerve cells of part of
the brain. The infection is caused by a virus that

lives in the saliva of a carrier (called a host). Most

mammals can carry the virus. lf the host bites a

human being or other animal, the victim may get

rabies. The virus can also enter mucous membranes

(such as the lining of the nosc), but it cannot enter

unbroken skin.

In human beings, symptoms of rabies include

pain, a burning feeling, or numbness whcre the

infection occurred; restlessness; fever; headache;

and, possibly, seizures, highly disturbed (merniacal)

behavior, or paralysis. Another symptom is diffi-
culty in swallowing. Because of this, rabies is also

called hydrophobia, which means "fear of water."

Sometimes the mere sight of warter creates painful

throat contractions. After a day or two, a quiet

period occurs, followed by unconsciousness and

death. The disease lasts from three to twelve days.

Most animals infected with rabies wander
around restlesslv, make sounds constantly, and will
attack without reason. Paralysis of the jaw and

throat are followed bv general paralysis and death.

Some infected animals only show signs of paralysis,

called "dumb rabies."

Any person bitten by an animal should wash the

wound immediately with soap and water ancl see a

doctor. The animal should be penned and watched

to see if it shows any symptoms of rabies. If such

symptoms occur, the person who was bitten should

be treated at once. (lenerally, patients receive a one-

time dose of antibodies that neutralize the virus

before it causes disease (see 
'tN't 

tts{)DY; SERUN{). In
addition, a vaccine is given by injection in five sep-

arate doses over a month's time (see VACcllNAl lON).

Each year in the United States, approximatelv
twenty thousand people receive this treatment, and

there are six or fewer actual cases of human rabies.

See also PASTF-UR, LOUIS.

RACCOON The raccoon is a furrv mammal

belonging to the same family of carnivores as lesscr

pandas, kinkajous, and ringtails (see cARNIVORE;

MAMMAL). Raccoons are found in much of North

America anc{ in the northern half of Sor-rth

America.
'l'he raccoon is r-rsr-rally gray in color, sometimcs

tinged with vellow or brown. It has a bushy ringed

tail and is especially noted for a bancl of biack hair

around its eyes that resembles :r n-rask. Raccoons

havc pointed snouts and strong, sharp clarvs. The

animals use their paws to find food. Thev can han-

dle objects verv skillfullrr
There are two main species of raccc'lons. The

northern raccoon lives in Canada, the United
States, ancl Central Arnerica. It measures from 30

to 38 in. [76 rc 97 cm] in length, including the tail.

Males arre generallv larger than fcmales. 'fhe crab-

eating raccoon lives in Sor-rth America. This rac-

coon has shorter hair and longer legs than the

northern raccoon.

Raccoons live both on the ground and in trces.
'fhey may live alone or in srnall farnilv groups.

Each raccootr has a home range. Within this range,

which may cover 200 acres lB t hectaresl, the rac-

coon mates, builds its home, and searches for food.

Raccoons usually hunt for food at night. Thev eat

a variety offoods, such as crabs, crayfish, frogs, fish,

acorns, corn, fruit, grasshoppers, ancl mice.

Northern raccoons matc once a year between

January and June. About nine weeks after mating,

the fernale has from one to seven babies.

RACCOON

i

The northern raccoon, common
America, often hunts for food in

throughout North and Central
garbage cans.



RADAR

R"d". (ra'dar) is a method of detecting and locat-

ing objects using radio waves (see RAoto). It can be

used to find objects as small as insects or as large as

mountains. The word radar stands for "radio

detectron and runging." Radar works on the same

principle that bats use when they fly at night. As a

bat flies, it sends out very high frequency sounds in

short bursts. The sounds are too high-pitched for
human beings to hear. The sounds bounce off
objects and are reflected (bounced) back. The bat

can hear the reflections and determine the direc-

tion and distance of the objects (see BAt').

In radar, radio waves rather than sound waves are

used. There are two main types of radar: pulsed

radar and continuous radar. Pulsed radar is the

most common and sends out short pulses of radio

AIRPORT RADAR

Radar equipment on a talltower is a familiar sight at airports.
The radar tracks the movements of aircraft approaching and
leaving the airport.

waves. If an object is in the path of the waves, it
reflects the waves back toward the radar equip-

ment. The reflected wave is called the echo (see

ECHO). The time taken for the echo to be picked up

by the radar equipment depends on the distance of
the object. The farther away an object is, the longer

it takes for the radio wave to be returned. From

this, an exact distance can be figured. Most radar

equipment has a screen on which echoes appear as

bright spots. A scale marked on the screen shows

the direction and distance of the object.

The uses of radar Radar was first developed in
the late 1930s and 1940s for use in air defense dur-

ing \World War II (1939-1945). Today, radar is
widely used in air and sea navigation (see NAVtclA-
'ftoN). It is especially useful in locating and guiding

airplanes and ships at night or in fog. Radar is also

used to help aircraft and ships avoid collisions and

help them land and dock safely. One airplane may

have several kinds of radar. For example, one kind
may show how high the airplane is flying. Another

kind may detect storms. The pilot may then decide

to change his or her course to avoid the storm.

Radar is used in military defense to warn of
attack by air weapons, such as missiles (see MISSI t-E) .

Very powerful radar equipment is used to track

orbiting spacecraft and to help them land safely

when they return to Earth. Radar equipment also

can be used on the spacecraft itself. For example,

spacecraft use radar to help map the surfaces of
other planets.

Radar is used by weather forecasters to track

weather systems, such as hurricanes. Radar has the

ability to tell the difference between the small rain-

drops produced by an ordinary cloud and hail-
stones produced in a thunderstorm. Scientists use

radar to track the migration of birds. Police officers

monitor driving speeds using radar. Portable con-

tinuous wave radar sets in police cars detect the dis-

tance, direction, and speed of a vehicle. These radar

sets operate by sending out a continuous signal,

unlike the pulses sent out by most other radar

methods. The vehicle is tracked using the Doppler
effect (see DOPPI-ER EI.FECT). The speed of pitches

in professional baseball games is often measured
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Many radar sets have a television-type display. Called a plan
position indicator (PPl), it shows the positions of oblects-
such as airplanes or ships-within the range of the radar.

using a hand-held radar set that also sends a con-

tinuous signal.

How radar worli$ Most radar sers contain sev-

eral devices. The modulator switches another
device, called a transmitter, on and off. This causes

the transmitter to send out short pulsed signals.

The transmitter may contain a vacuum tube called

a magnetron (see VACUUM TLIBE). \i7hen an electric

signal passes thror-rgh the magnetron, the mag-

netron gives out very short radio waves, called
microwaves (see H,ttcno\(/AVL) . A more powerful
vacuum tube, called a klystron, is sometimes used

to produce microwaves. A klystron amplifies
(strengthens) the microwaves it gives out.

The radio waves are then fed into an aerial (see

ANTENNA). The aerial transmits the microwaves

through the air. Since the 1960s, many radar sets

have replaced the magnetron and klystron with

RADAR

integrated circuits or transistors (see IN'l't.(;RAl-t-t)

ClRCUI l ; l'lL{NSIS'l'OR).

Surrounding the antenna is a device called a

reflector. The reflector may be shaped like a dish,

funnel, or trough. The microwaves being sent from
the antenna bounce off the reflector and are

focused in a particular direction. The antenna and

reflector are mounted on a platform callcd a scan-

ner. The scanner rotates, usually ten to rwenty-five
times a minute. 'l'he rotating scanner allows the

radio waves to be sent out in all directions. A device

called a phase shifter allowed the development of a

type ofradar called phased array radar. In a phased

array system, the signal moves out into the air elec-

tronically rather than through the mechanical
rotating of an antenna. Phased array radars can

send out signals very rapidly. They are often used as

a way to detect missiles.

If the radio waves that are sent out hit an object,
some of them will be reflected back to the radar

set. An instrument called a receiver picks up the

radio waves. The receiver amplifies the radio
waves, which have become weaker because of trav-
eling long distances. The receiver also converts the

microwaves back into an electronic signal. The
electronic signal is fed into a cathode-ray tube (see

CATHODF-RAY 'rUBF-). The signal appears .ls a

bright spot on the screen of the cathode-ray tube.

The screen is called an indicator. The mosr com-
mon type of indicator is the plan position indica-
tor (PPI). The indicator has a line radiating from
the middle of the screen to the outer edge. The
line rotates around the screen every time the scan-

ner rotates. A pattern of rings marked on the
indicator indicates different distances. The screen

also has marks showing the directions of north,
south, east, and west. The radar operator can

determine the location of the object represented

by the bright spot and its distance from the radar

set using the pattern of rings and the direction
markers.

Since the late 1960s, optical, or laser, radar has

come into use. Optical radar sends out short beams

of light rather than microwaves (see LASER). Optical
radar is often used to precisely determine short dis-

tances between objects.
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RADIATION (ra'de.'shan) Radiation is a flow
of particles or waves from a source. Light, X rays,

and raclio waves are forms oF radiation (see tLtc-
TROMACNL,'l'l(l RADlAflc-lr'-). Another example is the

radiation giver-r off by radioactive substances (see

RADIOAC'l'lvt't'v). Three oFthe more common kinds

of radiation that can be given off are alpha particles,

beta particles, and gamma rays (see ALPHA PARI I-

Ct.E,; BF.-lA I']ARI'lcll.F-; (IAMMA nnv). High doses of
certain kinds of radiation over short periods of time
can be damaging to various organisms, including
human beings. However, controlled applications of
radiation can be helpful-for example, in treating
cancer.

See ako RA.DIATION THERAPY; WoLOClY. D PROJECT 39,40

RADIATION THERAPY (ra'de a'shan thEr'a

pe) Radiation therapy is the use of radiation to cure

disease. It is a branch of radiologl (see R{DIATIoN;

RADtoLoGY). The radiation used is very high-
energy radiation-gamma rays and X rays (see

GAMMA RAY; X zuw). These rays are very penetrating.

In large doses, the rays are very destructive. They

damage and destroy living cells. However, this
destructive effect can sometimes be put to good

use. By carefully calculating the dosage of radia-

tion, a radiation therapist, also called a radiation

oncologist, can destroy unwanted cells without
damaging healthy tissues too much.

Radiation has its greatest effect on cells that mre

dividing to produce new cells. In cancer, the cells of
a tissue grow and divide more than normal. They
are "runaway" cells, not controlled by the normal
mechanisms that prevent cellular overgrowth. They

grow and produce unnatural swellings, or tumors,
in different parts of the body. If the rapidly divid-
ing cells are killed, cancer may be slowed down or
completely stopped (see CANCER).

To destroy a cancer, a beam ofhigh-energy X rays

or gamma rays is focused on it. Alternatively, a

beam of high-energy particles such as protons or
electrons may be used. The rays are directed from a

quantity of radioactive substance or from a

machine such as a linear accelerator (see nccnlnn-
ATORS, PAKrlCLl.). The particles are produced by

machines. Sometimes a radioactive pellet or
radioactive needles may be inserted into the tumor.
In some cases, a patient may be given an injection

of a radioisotope that becomes concentrated in a

parricular body tissue (see Rnotoect'tvtt'Y). Cancer

of the thyroid gland may be treated in this way,

with radioactive iodine compounds. Cobalt-60 is

another radioisotope used in treating some forms

of cancer.

See also CoBALT.

RADICAL (rid'i kal) A radical is a group of
atoms in a molecule that usually is not affected by

a chemical reaction (see CHEMICAL REACTION). An
example is the methylradical (CH:-). It is found in

compounds such as methanol (CH,,OH) and
acetaldehyde (CHTCHO) (see coMlouND).
Another example is the phenyl radical (C(,H5-).

These two radicals are found combined together in
the compound toluene (C6H5CH3). Usually, radi-
cals are found combined only with other radicals or
with atoms in compounds. Sometimes, however,

they may be freed from a compound by a chemical

reaction. They are then called free radicals and pos-

sess an odd number of electrons. Free radicals are

very reactive and quickly combine with other radi-

cals or atoms to form a compound.
See also ELEMENT.

ACTTWTY How to detect radiation

.,:','l :

.";

Hold your hands 3 t0 4 ft. [ab0ut 1 m] from an electric
room heater. You will be able to feel the radiated
heat. Move your hands farther away. The amount of
radiated heat reaching your hands is less, and your
hands feel cooler.
Caution: Heaters can burn-do not put your hands
any closer than 3 ft. [1 m].
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RADIO

Radio is tl-re process of sending invisible electro-

magrretic waves callcd radio wrrves from one place

to another (see Lt-l,C't'nOMA(lNL,'l'lC nRtltn't'ttlN).
Radio is one of our nrost important nreans of com-

munication. It allows people to send signals, such

as codes, music, and words, through the air to any

part of the world. Radio is also used to communi-
cate far into space.

Broadcasting is the most familiar form of radio.

Radio broadcasts include advertising, discussions,

interviews, music, news, and sports events. People

wake up to clock radios, ride to work or school lis-

tening to automobile or portable radios, and spend

leisure hours listening to lavorite radio programs.

Radio has many other uses in addition to broad-

casting. Airplane pilots, astronauts, construlction
workers, police officers, taxicab drivers, and many

other people use a type of radio called short-wave

radio for quick communication. Others, called

radio amateurs, operate short-wave radio stations

in their homes as a hobby. Citizen's Band radio
(CB), another type of radio, became very popular
in the 1970s. CB radio is a means of radio com-

munication over short distances. Many car

motorists and truck drivers use CB radio to talk
with other highway travelers or with people who
are in an office or at home. CB radio allows signals

Cellular phone

to be sent for distances of lewer than 5 mi. [B km]
in city areas and up to 20 mi. [32 km] in rural arcas.

Walkie-talkies are small, portable two-way radios

that may operate on CB lrequencies (see FRF.-

QUENCY). Cellular telephones permit nationwide
person-to-person communication. The telephone

handset sends radio signals to transmitters that
relay the signals to their destination.

How broadcasting works Broadcasring works

by changing sounds that come from a roorn called

a studio into electromagnetic waves. The electro-

magnetic waves travel over wires to a control board.

The control board has many switches and dials. A
technician at the control board can alter the sound

as desired, varying the volume (loudness) of each

sound or even blending sounds together. From the

control board, the electromagnetic waves go to a

device called the transmitter. The transmitter
strengthens the waves representing the broadcast. It
also produces other electromagnetic waves, called

carrier waves. The carrier waves are combined with
the waves from the broadcast to form the radio sig-

nal that is transmitted (sent). The transmitter may

be located in the same room or building as the con-

trol board or at the site of the arrtenna (see

ANTENNA). This is a towerlike device that actually

Transmitters tuned to
different frequencies

CELLUI-AR TELEPHONES

Cellular telephones use
radio wave transmission
to send signals from the
handset to transmitters
located at the centers of
" c e lls."

Reception "cells"

Central control
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sends the radio waves out into the air. Antennas are

usually located in high or open arcas awnry from
buildings that might inte rfere with the radio waves.

Radio waves travel at 186,000 ni. 1299,792 kml
per sccond. When the radio waves reach a device

called a radio receiver, the receiver changes them

back into the original sounds.

Radio waves Radio waves are the longest waves

in the electromagnetic spectrum. The shortest
radio wavcs arc called microwaves (see MICI-

RO\\'AVE). Microwaves arc from 0.04 in. to 12 in.

[1 mm to 30 cm] in length. Microwaves are pre-

ferrcci over longer radio waves for many uses, such

as sending radio and television broadcast signals,

because their sigrrals are of higher qualitv. They
are also used for sending signals between tarth
and spacecraft and satellites. Radio waves longer

than microwaves are divided into high-frequency

and lorv-frequency ranges. '1wo types of radio
waves in the high-frcquency range are used to

transmit certain television signals (see 'l'l-Ll,l't-

stc)N). Very high-frequency (VHF) wavcs mea-

sure from 3.281 to 32.81 ft. [1 to l0 m]. Ultra
high-frequcncy (UHF) waves measure from
0.3281 to 3.281 ft. [0.1 to I m]. Radio
astronomers use some of the radio waves that are

in the low-frequerlcy range to study the universe
(see ILADIO ASTRONOMY).

MODUI-ATION
lnformation is added to a

contin uously transmitted
radio wave (called a carrier
wave) by modulating it. ln
amplitude modulation (AM),
the amplitude of the carrier
wave is changed. ln
frequency modulation (FM),

the frequency ofthe carrier
wave is changed.

The radio waves used in radio broadcasts,
which can be both microwaves and longer radio

waves, are transmitted in one of two ways: ampli-
tude modulation (AM) or frequency modulation
(FM). In AM transmission, the amplitude
(strength) of the carrier waves varies to match

changes in rhe electromagnetic waves coming
from the radio studio (see AMpLI't'uI)E). In FM
transmission, the amplitude of the carrier waves

remains constant. However, the frequency of the

waves (the number of times they vibrate each sec-

ond) changes to match the electromagnetic waves

sent from the studio.
The antenna sends out two kinds of AM waves:

ground waves and sky waves. Ground waves spread

out horizontally from the antenna. They travel
through the air along the earth's surface. Sky waves

spread up into the sky. \flhen they reach the layer

of atmosphere called the ionosphere, they may be

rcflected back to Earth (see ATMOSI'uI.RI.). This
reflection enables AM radio waves to be received at

great distances from the antenna.

FM radio waves also travel horizontally and sky-

ward. However, due to the higher frequency of the

carrier waves, the waves that go sklward are not
reflected. They pass through the atmosphere and

into space. 'l-he FM waves that travel horizontally

from the antenna do so in what is called line-of-

sight transmission. That is, FM waves cannot be

Amplitude modulation (AM)

Frequency modulation (FM)
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RADIO STUDIO
Radio broadcasts are rade frorn u *tlndprof ruJr uitf't
radio station. A window separates the studio from the
technicians in the control room.

received farther than they are "seen" by the
antenna. Although AM waves can be received at

greater distances than FM waves, FM waves do

have advantages. They are not affected by static as

much as AM waves. Static is caused by electricitv in
the atmosphere. FM waves also result in a truer
reproduction of sound than AM waves.

Another factor that influences the distance a

radio program can be heard is the power of the

transmitter. Small AM stations operate at about
250 watts and usually serve only one or two towns

RADIO

(see rxr,trr). The srrongest AM stations have a

power of 50,000 watts. They can be heard far away.

For example, a 50,000-watt station in Chicago carr

be heard by listeners in Connecticut, which is

about 900 mi. 1,440 kml away.'l.he power of FM
stations ranges from 100 warts ro 100,000 warrs.

The 1OO-watt stations can broadcast about 15.5

mi. [25 km]. The 100,000-watt stations can broad-

cast over 62 'r'i. 1100 knrl.
F,ach radio station operates on its own assigned

channel, or frequency. This keeps stations from
interfering with each other's broadcasts. Stations

also have their own call letters, or names, such as

\flCKG (Chicago), \(/OR (New York City), \(/\7L
(New Orleans), KOOL (Phoenix), and KMPC

"--a{
i:

t,}

*,
infli.
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([.os Angclcs). Freclr-rcncy is nreasured in units
callecl kilohertz ancl megahertz (see tttll{t z).
C)ne kilohertz equals 1,000 hertz, :rnd one megir-

hertz equals I million hertz. AM statior-rs broad-
cast on frc<luctrcics of between 535 ancl I,605
kilohertz. The FM band exterrds from 88 to l0B
me gahcrtz.

Radio receivers Radio waves cannot be seen,

heard, or felt. Radio receivers pick them up and

change them into sounds that make up rhe broad-

cast. Some radios can receive only AM signals.

Other radios can receive both AM and FM. Some

radios, including larger portable radios, can also

receive short-wave radio signals and transmissions

from aircralt and ships.

Almost all radios ope rate on electric power either

from a wall outlet or a battery. 'l'he main parts of a

radio are the antenna, or aerial, the tuner, the
amplifiers, and the loudspeaker. The antcnna is a

length of wire or metal rod that picks up the radio

waves. It can be entirely inside the radio, or part of
it may be attached to the outside of the radio. The

tuner is the device that makes it possible to pick out
a particular freque ncy from all the radio waves that
strike the antenna. Amplifiers strengthen the signal

selected by the tuner through what is called a

superheterodyne circuit. The main operating parts

of this circuit in modern radios are transistors.

Before the mid-1950s, vacuum tubes were used

(see TRANSISTOR; \ACUUM TLIBE). The loudspeaker

is the final link in the system. lt changes the elec-

tromagnetic signals back into the original sounds

(see LOUI)SI'}EAKF,R).

Stereophonic radio receivers pick up stereo

broadcasts. A stereo broadcast sends sound signals

from two microphones on one radio wave. The
stereophonic receiver then has a special decoding

device that allows the signals to be distributed
through two loudspeakers. Stereophonic radio has

helped keep radio a growing and popular industry.

In 1961 , the U.S. government allowed FM stations

to broadcast in stereo. Today, almost all FM sta-

tions are stereo. In 1982, AM stations were also

arllowed to broadcast in stereo. This caused

AM/FM stereo radio sales, especially those for

automobiles and portable rnoclels, to clirnb. Today,

seveml hundrecl AM stations in the United States

broadcast in stereo.

Radio in the United States There are arbout

9,700 privatcly owned cclmrnercial radio stations

in the United States. There are rrrore than I,000
st:rtions operated by colleges and univcrsities.
There are also more than 1,700 noncommercial

radio stations. Sponsors spent over $9 billion in
1993 for radio advertising. A station irr a large

city nray charge as much as $1,500 for a 30-
second commercial announccmcnt. A small sta-

tion may charge as little as $1. About 40 percent

of the commercial stations in the United States

are affiliated with national networks, such as

ABC, CBS, and NBC. A national network is an

organization that provides some of the program-
ming for its member stations. The networks also

sell some of the stations' advertising time.
Americans spent over $300 million in 1993 to
buy almost twenty million table, clock, and
portable radios. About 99 percent of American
households have a radio.

The Federal Communications Commission
(FCC) regulates allcommunication by radio in the

United States. It issues licenses to all radio stetions

and assigns frequcncies and call letters. In Canada,

the Canadian Broadcasting Corporation (CBC)

perlorms rhe same Fuuction.

History In 1895, Guglielmo Marconi, an Italian
inventor, sent the first radio signals through the air
(see MARCONI, cUcl.lF.,l.vo). These signals traveled

more than I mi. [1 .6 km]. By 1901 , he was able to

send signals across the Atlantic Ocean from
England to Newfoundland.

Reginald A. Fessenden, a Canadian-born physi-

cist, broadcast the first human speech in 1906. He

spoke from Massachusetts to ships in the Atlantic
Ocean. Lee De Forest, an American inventor, pro-

duced the first experimental radio show in 1910. It
was broadcast from the Metropolitan Opera House

in New York City and featured the famous singer,

Enrico Caruso (see nl FOREST, r.nn). Edwin H.
Armstrong, also from the United States, developed
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ANIMALTRACKING
Scientists use radio t0 track the movements of animals. This
loggerhead turtle carries a radio transmitter that sends out
signals picked up by a satellite orbiting the earth.

the superheterodyne circuit in 1918. In 1933, he

discovered how to make FM broadcasts. The first
commercial radio station was \W\fl in Detroit. It
began regular broadcasts on August 20, 1920. Its

broadcast of the results of the presidential election

on November 2,1920, is considered by many peo-

ple to be the real beginning of American radio

broadcasting.

Radio broadcasting today The rise of tele-

vision in the early 1950s caused many people to

speculate that it would completely do away with
radio. However, this has not happened. The audi-

ence for radio has continued to grow. Rock music,

talk shows, call-in shows (by telephone), and

increased coverage of professional sports events

has helped radio grow. The increased availability
of portable and automobile radios also has con-

tributed to the growth. Of the over 580 million
radios owned by Americans in 1994, over 370
million are in the home and more than 210 mil-
lion are outside the home. The newest radio

RADIO

::i.Lsfil ii.r ..',, :1|,:'

technology is digital radio. Digital radio has

advantages over AM and FM signals. Digital radio

reproduces even truer sounds than FM. Also, dig-
ital signals are not affected by the static that can

often distort AM signals.

In digital radio, the electromagnetic wave is mea-

sured by a device called a digital converter. The

converter measures the wave 44,100 times a sec-

ond. Each of these measurements is given a differ-
ent digital code. These codes are binary, meaning

they are zero, one, or a combination of the two
numbers (see nlNenv NUMBERS). The codes are rhen
"strung together" and combined with the carrier

waves. A digital radio receiver has a device called a

digital-to-analog converter. This device changes

the codes to electric signals.

Many radio stations already have digital trans-

mitting equipment and are broadcasting digital
transmissions on an experimental basis. However,

because digital receivers are still very expensive to

buy, few people are able to listen to these transmis-

sions. \When the price of digital receivers comes

down, more and more people are likely to listen to

digital radio. Digital radio is eventually expected to

replace both AM and FM radio.

See A /so TELECOMM UNICATION.

..::i$ .
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RADIOACTIwTY

Radioactivity (ra'de o ik' tiv'ite) is the property
that some elements have of giving off particles or

waves. All matter in the universe is made up of
particles called atoms (see A't-oM; F,l.F-Ml-N'l').

Atoms have a central core called a nucleus. The
nucleus contains two main kinds of particles-
protons that have a positive electric charge and

neutrons that have no charge. Protons and neu-

trons are made up of even smaller particles (see

PARTICII-1, PHYSICS). The nucleus is surrounded by

tiny particles called electrons. Electrons have a

negative electric charge.

The heavier elements have a large number of
protons and neutrons in their nuclei. This causes

t:r:l ]Fq.{tr#ffi *s&6Fenw{r.1t!{1.1.{*{6#r{, *i|9sritdsss#,$a:

them to become unstable. An element that is

unstable is rcfcrred to as a radioactive element. The
nuclei of radioactive elen"rents are in a constant

process of breaking up, or decaying. As these nuclei

decay, they give offradiation (see Retrlal'lctN). This

radiation can bc in the lorm of alpha particles or

beta particles. Radioactive elements can also give

off radiation in the form of gamma rays (sec ALPH,I

I)AKt'lCl.lr; BF.TA PARTI(.11.; {IAMMA IL\Y).

Alpha particles are positively charged particles

that each consist of two protons and two neutrons

bound together (see NF,UTRON; I)RO'l'oN). Alpha
decay involves the nucleus releasing an alpha par-

ticle. Beta particles are electrons (see I,LLCTRON).

Most beta particles are negatively charged elec-

trons. However, some beta particles, called
positrons, are positively charged. During beta

decay, one of the neutrons in a nucleus nay turn
into a negatively charged beta particle (electron),

a proton, and an antineutrino. An antincutrino is

an antiparticle to the kind of particle called a neu-

trino (see ANTIMATl-t-.R; NEU'l.RlNcl). The antineu-
trino and the electron are eiected. However, the

proton stays in the nucleus.

In another type of beta decay, one of the pro-
tons in a nucleus turns into a negatively charged

beta particle (positron), a neutron, and a neu-

trino. The positron and the neutrino are ejected,

while the neutron remains in the nucleus. in both
alpha and beta decay, the number of protons and

neutrons in the nucleus changes. Whenever the

number of protons changes, the nucleus changes

into the nucleus of a different element. l'his
process is called transmutation (see IRANSN,Iu'IA-

TION OIr b.LEMEN'l'S). \Thenever the number of
neutrons changes, the element remains the same.

Only now, it is referred to as an isotope (see

rso'r'oPE).

Gamma rays are not particles as alpha and beta

particles are. They are high-energy electromagnetic

rays that are similar to X rays (see t'.1-ut:'t'ttoMA(l-

NE-fl(l RADIATION; X RAY). The giving offof gamma

rays does not involve a change in the number of
neutrons or protons in a nucleus.

l--
ROBOT HELP

Many radioactive chemicals give off harmful radiation. By
using a pair of robot "hands," this scientist can mix
dangerous chemicals from a safe distance.
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Radioactive series Sometimes, a radioactive

element decays into another radioactive element.

This new radioactive element then may decay into
yet another radioactive element. Eventually, a sta-

ble element is formed. This series of transforma-

tions is cellcd a radioacrive scrics.

In nature, three main radioactive series occur.

Two of these begin with isotopes of uranium-ura-
nium-235 and uranium-238 (see URANIUTvI). The

third series starts with thorium-232. At each stage

in the series, the element decays. It gives off either

an alpha particle or a beta particle and gamma ravs.

For example, thorium-232 gives off an alpha parti-

cle. In doing so, it reduces its relative atotnic mass

by four. Relative atomic mass is the nunberof pro-

tons and nelrtrons in an element (see RL,LAI'lVE

ATOMIC MASS). Thorium-232 has become a new

element, radium-228. Its radioactive series is a
complex process that continues until the atoms

form lead. the heaviest stable element.

Scientists measure the point at which half the

mass of a radioactive substatrce decays. This length

of time is referred to as the half-life (see Hll-i-url).

RADIOACTIVITY

NUCLEAR SA,FETY

This worker at a nuclear power plant is carrying out routine
maintenance of the equipment. This lessens the chance of
accidental radiation leakage.

For exampie, the half-life of radium-226 is 1,620

years. The half-lives of othcr substances mav bc a

fraction of a second or millions of vears.

Radioisotopes Some isotopes, called radioiso-

topes, arc radioactive. Some radioisotopcs occur

naturally. Others are merde in large machines

callcd particle ercce lerators (see A(.(.L.t.L.RAl oll.s,

PAKI'ICLl.). A common rnetl-rod of producing arti-
ficial radioisotopes is to bon-rbard an isotope with
neutrons. Sorne of the neutrons melv be absorbed

into the nuclei of the isotope, changing the num-
ber of neutrons.

Radioisotopes have nanv diflerent uses. For exal'n-

ple, knowledge of the half-lives of natural radioiso-

topes of the metals potassium and uranium is used

to figure the age olrocks. Carbon 14 is used in a

similar wav to determine the age of bone and wood.

This is called radiocarborr dating (see DA'rlNt;).
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Radioisotopes also can be used in medicine for treat-

ment and diagnosis. For example, radiation from
cobalt-60 is used to destroy cancer growths (see

R{DIAI'ION 'I'HERAPY). Small amounts of a radioac-

tive substance can be placed in a patientt food or

injected into the patient. The substance is attracted

to a particular area of the patient's body. A specially

trained physician then uses a device called a scintil-
lation camera that senses the substance in the body.

The camera records this information on a display

screen or film (see r'-uulllR MEDICINE).

Other radioactive substances can be used in
industry. For example, gamma rays are used to find

cracks in metal structures. In factories, beta parti-
cles are sometimes passed above a long sheet of
material being produced. l)etectors measure the

amount of beta particles coming through the sheet.

A decrease in the number of beta particles at a par-

ticular point means the sheet has thickened at that
point. Certain adjustments may then be made so

that the sheet continues to be produced at the

desired thickness.

Dangers of radioactive substances The
radiation given off by a radioactive substance can

be very dangerous to life. For example, nuclear

1578



YTVTCoDR

NUCLEAR\TASTE

0ne of the problems facing
nuclear industry is what to
do with radioactive waste.
These underground storage
tanks (left) are being
constructed at Hanford,
Washington. Each of the
tanks will be able to hold a

million gallons [3.8 million
litersl of liquid waste.

RADIOACTN'E DECAY

Uranium-238 is the starting
material in one of the three
natural radioactive decay
series (right). This series
involves fourteen different
radioactive isotopes before
finally forming lead-206,
which is not radioactive.
The radiation given off at
each stage in the chain
involves alpha particles or
beta particles, often
accompanied by gamma
rays.

weapons release large amounts of radiation that can

kill or injure large numbers of people (see NUCI.EAR

\(/EAPONS). Many precautions are taken when

radioactive substances are used in medicine and

industry. Sometimes, radioactive substances are

handled by mechanical devices, which are operated

by remote control (see Rllvlol'E coNl'ROL).
\fi/orkers have to be shielded from radiation by

Alpha Beta

- Particle Particle
Gamma raY o- I Gamma ray

\\l\--. s \u-238 # \ /# x Th-234'\d\--.\ ,'. ^w-
Pa-234 

' &o 
'Ya-tr+. 

ffi\l,r_234o3
r. \ '*#
:----, F e ,

Th-230 #-r * Ra-226

od'\'#
Rn-222 &#.r

' * Po-218'\ -#
\-r\ {$

pb-214 @d'\ )& Bi-214o.#
\

Po-214 Sru-zr+ 
*# .\ 

-f#. Pb-210

-'\.,#Bi 210 # "-\
,-d 

Po-210

*# Pb-206

wastcs (see wRs't't DISPOSAL). Over 18,000 tons

116,300 metric tons] of radioactive wastes have been

produced in the United States. Disposal of these

wastes has become a serious problem. At present, the

waste is put into radiation-proof containers. These

containers are then stored at the nuclear power plant.

In addition, the machinerv and br-rildings of a

nuclear power plant eventually become saturated

with radiation and must be abandoned after about

rvvenw vears of operation. Also, any accidental leak-

age of radioactive materials from nuclear reactors is

highly dangerous to living things.

See a/so CHF,RNOII\'I .

thick lead or

thick enough

Radiation
(see NuclEa.R

From this. First.

concrete walls. These walls must be

to absorb the radiation.

IS produced in nuclear power plants

ENERCY). Certain problems result

nuclear energy produces radioactive
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RADro AsrRoNoMY

Radio astronolny is the branch ol nrstronomy that

uses rnrdio waves to investigate the universe.

Reflecting and refracting tclescopes-both called

optical telescopes-are used to detect light waves

given out by heavcnly bodics. Radio telescopes are

used to cletect rndio wavcs coming from oute r space

(see ,lS't'tttlNOM\'; l l:t.l:Sc.tlt't'-) . Radio waves are Pro-
duced by stars, including our sun; planets; and gas

clouds. Radio waves have a n'ruch longer wave-

length than visible light (see FI{LQLJI'.N(IY). For this

reason, radio telescopes need to be r-nuch larger

than optical telescopes, so that they can bring radio

waves ir-rto sharp focus.

Radio wavcs are picked trp bv the part of the tele-

scope called the antenna (see nN't'lNN,t). 'fhe

antenna is tuned to pick up radio waves of a parrtic-

ular wavelength. In this, it is similar to an ordinary

radio that is tuned to a particular station. Many

radio telescopes have just one antenna. Others have

two that are spaced sonre distarnce apart. Both

antennas are pointed at the same source of radio

waves. 'I-he signals they receive are combined. This

results in interference, which tells the astronomer

more about the source than iust one antenna would
(see I N't' t'- ttlt RIINC F-; I NTF.RIT F.RON{ nrl-n) .

Raclio telescopes may have sevcral antennas.

They may be arranged in a circle or in a cross. They

allow the telescope to pick up even more details

about the source. Bigger radio telcscopes have lines

of antennas that may stretch for several miles.

Radio telescopes are rtsed not only for picking up

signals. They can also be used like a radar set. They

can beam radio waves at the moon or at a planet

and detect the signal that is reflected, or turned

back. Using this mcthod, radio astronomers can

map heavenly bodies through thick clouds that

may surround them at-rd prevent light from passing

through.
Radio astronomy began in 1931. In that year, al-r

Americarn radio engineer, Karl Janskv, was investi-

gating interlerence in radios. He found that faint

radio noises were coming from the center of our

galaxv. Six years later, the first radio telescope was

built by an American amateur radio operator,

Grote Reber. -l'hen, cluring World \War II
(1939-1945), radar was clevelopcd. Radar also uses

radio waves (see n,qtxn). Thc knowledge gained in

developing radar was applied to radio astronomv.
'fhe first giant radio telescope was built in 1957.

It is at the Jodrell Bank C)bservatory in Manchester,

England. lts dish-shaped reflector (which collects

thc radio waves and focuses them on the antenna)

has a diameter of 250 ft. [76 m). ln the 1960s,

Americarn scientists built a lnrger radio telcscope in

a mountain hollow in Puerto Rico. Its reflector is

1,000 ft. [305 rn] across. A similar telescope with a

reflector 2,000 ft. [610 m] in diameter has been

built in Russia. 'l'he world's most powerfr-rl radio

telescope is in New Mexico. It has twenty-seven

reflectors, each measuring 82 ft. 125 ml in diameter.

Radio astronomers have made a number of
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important discoveries. For instancc, pulsars and

quasars both give out radio waves. 'l'hey were frrst

cictecred by radio telescopes in the 1960s (see I'UL-

SAR; (lL,rASAn). Radio astronomy has been usecl to

study the planets as well. Measurements have been

made of their ten-rperatures, distances fron'r other
heavenly boclics, and thc conditior-rs of their surfaces.

Hydrogen gas gives out radiation with various

wavelengths. One type of radiation is a radio
wave with a wave length of 8.3 in. 121 cm]
(see R,\l)lAI ItlN). Radio

astronomers can tunc
into this wavelength.
This has mllowed thcm
to discover the shape ol
our galaxy lt has a cen-

tral core ol stars with
several curved arms
leading out. A lrumbcr

of other salaxies also have tl'ris shape (sce ti;\1.'\X\') .

In 1965, raclio astronomers discovered that there

is a faint backgrouncl radiatiorr throughout thc uni-

vcrse . According to the big bang thcorl' of how the

universe forn'rcd, the universe exploded into being

about 7 tct 20 billion vears ago (sce ultl IIAN(; 'l'Ht--

ttR.Y) . Most astronomers now think that the back-

grouncl radiation is heat left ovcr frotn that
ex;rlosion.

Sce dko AS I'l{OI']l IYSI(.S; OBSF.R\'/II'()RY.

COMPUTER IMAGE

Radio astronomers use
sophistic ated ele ctroni c
equipment to study radio
waves that reach the earth
from space. This
astronomer (above) is
studying an image created
by a computer, The image
shows different
wavelengths, picked up by a
radio telescope, as different
colors.

RADIO ARRAY

A number of radio
telescopes-some mounted
on a railed track so that they
can be moved-is called an
array {left). The group of
small telescopes acts like
one huge telescope, and it
can pick up very faint radio
signals from outer space.
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RADIO CONTROL Radlo control is a

method of controlling machines from a distance

by using radio signals. A common example is

radio-controlled model aircraft and boats. The
model contains a small instrument that picks up
radio signals. It is called the receiver. The operator
is some distance away and has a transmitter. The
transmitter sends radio signals to the receiver in
the model. \fhen the receiver picks up a signal, an

electric current is produced in it. This current then

operates one of the controls in the model. The sig-

nals can carry a number of different commands for
the controls.

Radio control is also used to guide probes in
space exploration, missiles, and satellites.
Unmanned aircraft called drones also can be

guided by radio signals.

r,q#.#eqffi:gM

RADIO CONTROL
A stretch of flat, sandy desert makes an ideal place for flying
a radio-controlled model aircraft.

RADIOGRAPHY Radiography is the use of
radiation to make hidden structures visible.
Radiologists-physicians trained in the use of radi-
21i6n-u5s X rays and gamma rays to examine

internal body structures in order to diagnose dis-

ease (see RADIATION; RADIOLOCIY).

The science of radiography began with the dis-

covery ofX rays by Wilhelm Roentgen in 1895 (see

ROENTGEN, \XTILHELM CONRAD; X RAY). The rays are

used to produce images on photographic film, a

fluorescent screen, or a video monitor (similar to a
television screen). The pictures produced are called

radiographs. They are really shadow pictures. The

densest parts of the object absorb the most rays and

thus cast shadows. Because a radiograph is nor-
mally a transparent negative , the densest parts show

up as light areas when viewed against a light box.

The use of X rays is important in medicine. X
rays pass easily through the soft, fleshy parts of the

body, but the denser bones absorb the rays. Thus,

broken bones and dislocated joints show up well on
a radiograph. Foreign objects such as bullets or
swallowed coins are readily seen as well. Dental
radiographs reveal cavities in teeth. Chest radi-
ographs may reveal enlargement of the heart or

show tumors (abnormal growths) or other diseases

of the lungs.

Because many of the body's soft tissues and
organs do not show up well with X rays, a contrast

agent or medium is often used. This is a substance

that is radio-opaque-that is, opaque to X rays-
and is introduced into the body to outline an organ

or a cavity. For example, a "barium meal," a thick
suspension of barium sulfate powder, may be used

to show the esophagus, stomach, and intestines.

Other radio-opaque liquids may be injected to
show the flow of blood in the arteries and veins or

to show the inside of the kidneys or gallbladder.

In computed tomography, also called CAT or
CT scanning, X rays and computers are used to cre-

ate precise images of separate overlapping organs

(see CoMPUTED TOMOGRAPHY). Gamma rays are

used in nuclear medicine procedures (see GAMMA

RAY; NUCLEAR MEDICINE). The rays are emitted by

radioactive substances taken into the body and are

scanned by special devices, such as scintillation
cameras (see RTOIOACTIVITY). These scans are used

ro study organ function.
Radiography is also widely used in industry. It

can be used to examine the inside of welded joints

to check for defects. It can be used to search for

cracks in metal components, such as aircraft parts

or sections of oil pipeline. X rays are also used at air-

ports to search baggage for hidden weapons.

t582



RADIOGRAPHY

Radiography has a variety
of uses. Shown attop is a

mummified ibis (a kind of
bird) from ancient Egypt. At
right is a radiograph of the
ibis, which will be studied
by archeologists.

The X-ray machines used in medical radiogra-

phy do not normally produce X rays that are pene-

trating enough to examine the inside of metal

objects. For this purpose, intense rays of short
wavelength are needed. Instead of using an X-ray

machine, an industrial radiographer may use a

source of gamma rays. A small quantity of radioac-

tive material in a special lead container is used to

direct a beam of gamma rays through the object to

a photographic plate.

Exposure to large amounts of high-energy radia-

tion is dangerous. People who work with X rays and

gamma rays take special precautions to avoid such

exposure.

RADIOLARIAN (ra'de o lar'e an) A radiolarian

is a tiny marine (sea-living) protozoan, similar to an

ameba, except for having a delicate, glasslike skele-

ron made of silica (see RH,tnse; pRoroZoA; sILICA).

The skeleton usually forms an intricate network
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lvith nunrcroLls spines projcctine from lt.
Radiol:rrians merrsLrrc aLrottt 0.20 in. 10.5 crn] in
cliameter.

'l-he one-ccllcd organism consists of a central

cnpsulc containing the nuclcus, surroundecl by a

layer of frothy cvtop,lasnr (see t.l:t.t.). 
-I-iny 

strands

extcncl from this outcr laye r to trap other olgrrn isnrs

fbr food.
'fhe frothv cytoplasn-r also cot'rtains other tinv

orsanisnrs living in syrr-r[riosis with the radiolariar"r

(see S\'\4ul()SIS). \7hcn radiolariar"rs die, their skele-

tons sink ro the ocean floor. Largc areas of the deep

sea are covcrccl with a layer of this racliolarian ooze.

See n/so (x)7-l--.

RADIOLOGY (ra'de rll'; je) Radiology is the

branch of medicine that uses radiation ancl other

forms of energy to diagnose and trcat disease.

Radiologists are physiciar-rs spccially trair-red in radi-

ologv (see RADIAI'loN).

ln cliagnostic radiology, special procedures are

done and spccial equipment is usccl to cxamine the

patient's organs, bones, and other internal struc-

tures. The diagnostic radiologist reviews the irnages

that are created by thc examinations. The racliolo-

gist can then determine wh:rt, if anything, is wrong

with the patient.

The patient rnay utrdereo an X-ray examination.

An X-ray exanrination of the lungs (a chcst X-r:ry

examination) is one of the most colnrnon radio-

logic studies (see x ttlv). Thc patient mav undergo

a computed tomography (CAl' or OT) cxrrntir-trr-

tion. (lT combines the use of X rays and con.rput-

ers to prroduce imagecl "slices" of anrrtomy (see

(.()Ml'U'l'l:t) 1'()l\{()(;RAl'}uv). (iamma ravs are alscr

usecl to cliagnose disease, as part of nuclear mec{i-

cinc procedures (see (;AN4NlA RA\'; NLJ(.t.[AI{ ]\'llrl)l-
(.lN F.; RAI)lO(l IIAI'tJY).

Paticnts also may ur-rdergo diasnostic proce-

dures that do not require the use of X rays or

garnnra rays. Ultrasound ilnaging uses sounci that

cir.nnot be hearcl to prroduce pictures ol internal

organs (see Lll.l'RAsoUNl)). Magnetic resonance

imaging (MRI) Lrses a magnctic fielcl and raclio

signals to create in'rages (see MAt-iNI'.'l-l(. RF.So-

NANCF, IMA(;IN(,).

I n radiation therapry, racliatior-r-generatin g cqu i p-

ment :rnd radioactive materials are uscd to treat

cancer parti en ts (see ttRtl tXt'l ON'l-t l F.ll.AI't') .'l'he radi-

ation therapist, also callcd a radiation oncologist,

oversees the radiation treatment of cancer patients.

lbchnologists and physicists work with diagnos-

tic radiologists as well as with radiation therapists.

Technologists often preparc the patients for the

diergnostic examination or cancer treatment. They

also may operatc the equipment used in dilgnosing

RADIOLOGY

This X ray of a woman's
chest shows the spine, rib
cage, and part of the
collarbone.
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or treating thc patient. Radiologic physicists ,rrc

scientists who specialize in the use of racliation in
the diagnosis and treatment of disease. Radiologic

physicists have eitl'rcr a nraster's or doctorerl

degree. Rmdiologic physicists perform tcsts on
radiation equipment to rnake sure that the radia-

tion is focused properlv and in appropriirre
amounts during diagnostic examinations and dur-
ing treatment. In racliatiot-t therapy, physicists
help plan treatments based or-r their krrowledgc of
the properties of racliation and its effects or-r

human tissues.

RADIOSONDE (ra'de o sdnd') A radiosonde is

a device that takes measuremcnts in the upper

atmosphere. A radiosonde consists of meteorologi-

cal (weather science) instrumcnts carried into the

atmosphere by a helium or hydrogen barlloon (see

BALLoC)N). J'he instruments aboarcl tl-re radiosonde

record the temperature, dew point, humidity, baro-

metric (atmospheric) pressure, ancl wind speed arnd

direction at various heights above thc carth. 'l'he

data obtained is sent by radio back to weather sta-

tions on the earth. The measurements taken by a

radiosonde are clllled soundings.

Meteorologists can determine the state of jet

streams by using radiosondes. The informatior-r is

used to predict thc formation and tnovements of
storms and other weather systems (see Jnr
S'I'RuAN.I). Rardiosondes also send information that
can be used to determine the stability of the

atmosphere. If the atmosphere is very stable, a

meteorologist may predict high air pollr-rtion lev-

els. If the atmosphere is verv unstable, a meteo-

rologist may predict thunderstorms and, possibly,

tornadoes.

See also AI MOSPH[.RE; N{ETF.OROI-O(,Y; WIATHER.

RADISH (rld'ish) The radish is an annual plant

of the mustard family, Brassicaceae or Cruciferae
(see RNNual ILANT; N{us'rARI) I,ANItLy). It is grown

widely for its edible root, which is used as an appe-

tizer and in salads.

Radish roots vary ir"r shape, size, and color,
depending on the variety. The variety most com-
monly grown in tl're United States is round with a

RADISH

There are many different kinds of radishes, which are all
members of the mustard family. This variety is generally used
raw in salads.

bright red skin. The flesh is white arnd firm, sonle-

what like that of a potato. However, it has a dis-

tinctive sharp taste.

Radishes grow throughout the year in mild, cool

climartes. Most radishes grown in the United States

are harvested in the spring. ln Japan and China,

people grow a winter radish, called a daikon.

RADIUM (ra'de am) Radium (Ra) is a radioac-

tive white metallic element (see tLtMENT;
RAt)toAC't lvt'rv). Radium was discovered in 1B9B

by the French physicists Marie and Pierre Curie
(see (-URIF. FAMIt.Y). It occurs in very small
amounts in uranium ores such as pitchblende (see

PII-c]HIILLNDE; URANIUM). Radium once was used

in medicine to destroy cancer growths and had

industrial uses as well. However, radium has

largely been replaced by less expensive and safer

sources of radiation for such uses. Radium must

be handled very carefully, as it can destroy the

body's cells. Skin damaged in this way is some-

times called "burned."

There are twenty-six isotopes of radium (see

ISoToPE). The most common is radium-226.
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Its half-life is 1,620 years (see HALF-LIFE).

Radium's atomic number is BB, and its relative

atomic mass is 226.026. It melts at 1,290"F

l700"Cl and boils at 2,080'F Il ,140'C]. Its relative

density is about 5.

See a/so RADON; Rtll.AflVL, DIINSITY.

RADIUS (ra'de as) In human beings, the radius

is the bone of the forearm on the thumb side. It is

shorter than the other bone of the forearm, called

the ulna (see ul-Nn). The radius moves around and

crosses the ulna as the hand is turned to cause the

palm to face backward. All land vertebrates have a

bone equivalent to the radius (see veRtenRAl'E).

In the geometry of a circle or a sphere, the

radius is the distance from the center to any point
on the circumference or surface.

See also (IEOMF,TRY.

RADON (re'd6n) Radon (Rn) is a radioactive

gas. It is the heaviest of the noble gases (see ELE-

MENT; NOI]LL, (;AS; RADIOACTIVITY).

Radon was discovered in 1900 by the German

scientist Friedrich Dorn. He found that the gas is

given off when the metallic element radium
decays (see nRDtutr,t). Because it soon decays into

other elements, radon occurs only in very small

amounts. There are twenty-eight isotopes of
radon. The longest-lived rs radon-222. Its half-life
is just under four days (see HALF-I.lFF.; ISO'I'oPE).

Radon is used in medical treatments for cancer

(see nRolRI'lON THERAPY).

RADON

A radioactive substance decays in a regular way. The graph
shows how the amount of a sample o{ the radioactive gas
radon decreases as it decays into polonium.

\When radium in the soil decays to radon, the

noble gas seeps up to the surface. The radioactive

gas may get into the air of homes and other build-
ings through cracks in their foundations, or
through dirt floors or drains in basements. The
National Council on Radiation Protection and

Measurements estimates that radon delivers a

dose of 200 millirem to a person in a rypical home

during ayear (see Rltr,l). This is about twice that

received from other environmental sources of
radiation.

Certain homes are built on soil that contains

large amounts of radium or radium products. The
air in these homes may contain larger amounts of
radon than normal. The Environmental Pro-

tection Agency recommends that all homes be

tested to determine whether excessive levels of
radon are present. Radon's atomic number is 86.

It liquefies at -79.2"F [-61.8'C] and becomes

solid at -96F l-71"Cl.

100o
bE-75
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Ulna

RADIUS

The radius is one ofthe bones ofthe forearm (the other bone
is called the ulna). The radius is on the same side of the arm
as the thumb.
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RAILROAD

A railroad is a two-railed track that carries trains of
cars along a permanent route. However, the term
railroad generally includes not only the track but
the land on which it is located, the rolling stock
(locomotives, passenger cars, and freight cars), and

the buildings of the company that operates it.
The railroad is one of the most important neans

of transportation. Every day, thousands of trains

travel along railroad tracks throughout the world.

Some trains carry passengers. Others haul grain,

lumber, coal, machinery, and many other products.

The fastest trains reach speeds of over 230 m.p.h.

[370 kph]. An average freight train can haul thou-

sands oftons ofgoods across a continent.
There are railroads in almost every country. The

world's longest rail line is in Russia. It extends

about 5,600 mi. [9,010 km] and connects Moscow

with Vladivostok. Private companies own and

operate the major railroads in the United States.

However, in most other countrics, thc central

government operates the railroads. One of
Canada's two major railroads is government
owned. A private company operates the other one.

How railroads serve the public Railroads

provide two main types of service: passenger sen,ice

and freight service. Passenger service is divided into
two categories: commuter trains anc{ intercity
trains. About 75 percent olall U.S. rail passcngers

ride commuter trains. These trains carry hundreds

of thousands of suburban residents to anc{ from
work in large cities each working day. Two large

U.S. commuter operations are in New York City
and Chicago. Comrnuter tra.ins also serve San

Francisco, Paris, London, Tokyo, Moscorv,
Toronto, and marny other cities throughout the

world. The arverage conlmLrtcr train carries as rnany

passengers when full a.s a thousrlnd automobilcs.
Thus, commlrter trarins help relieve rush-hour auto

traffic jams on city expresswavs.

Some countries have untrsually fast and efficient
intercity passenger trains. The fastest passenger

trains in the world operate in France. High speed

trains travel up to 167 m.p.h. 1269 kphl bctwccn

Paris and Lyon, and up to 205 m.p.h. [330 kph]
bctween Paris and some of the cities in r.vestcrn

France. Japan's passenger trains are also irmong the

FIRST RAILROAD

The first passenger railroad
ran between Stockton and
Darlington in the north of
England. lt opened in 1825
with a train hauled by
George Stephenson's steam
locomotive called
Locomotion.
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fastest in the world. Many Japanese trains, for
example, travel at an average speed of more than

100 m.p.h. [160 kph]. The fastest Japanese trains

run between Tokyo and Osaka. They make the

320-m| [515-km] trip in three hours-about half
the time required to make the trip by automobile.

The same rail trip in the United States would
require at least double that amount of time. High-
speed passenger trains also service most cities in
Britain and the rest of Europe. Canada has a well-

known fast passenger train called the "Rapido." It
runs between Toronto and Montreal, a distance of
335 mi.1539 kml, at an average speed of B0 m.p.h.

[30 kphl. Metroliners, the electric passenger

trains that run between New York City and

Washington, D.C., are the fastest U.S. passenger

trains. They average about 80 m.p.h. [130 kph]

over the 225-mi. [362-km] run. The U.S. govern-

ment formed a corporation called Amtrak in 1970.

Amtrak operates almost all the intercity passenger

trains in the United States.

About 95 percent of all money earned by U.S.

railroads comes from hauling freight. The largest

freight trains have two hundred or more cars. The
average freight train has about seventy cars, and

carries approximately 1,800 tons [1,630 metric

AMERICAN LOCOMOTTVE

Atypical American locomotive of the mid-1800s had four
driving wheels behind a four-wheeled bogie (below). The
bogie wheels swiveled t0 help the train go around curves
more easily. The locomotive burned wood as fuel and had a

cowcatcher at the front to push obstacles off the track.
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DIESEL LOCOMOTTVE

Diesel locomotives began
to replace steam
locomotives in the 1940s.
This train (left) carried
passengers 2,900 mi. [4,675
kml between Montreal and
Vancouver.

SUB\TAYTRAIN
Subway trains, powered by
electric motors, are
common in many large
cities. The train below is
made of aluminum, with
stainless steel seats to
reduce the risk of fire. lt
runs on Hong Kong's Mass
Transit Railway.
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TRACK MAINTENANCE
Railroad track maintenance is imp0rtant for safety. ln the
photograph above, new crossties are being placed under the
rails they support.

tonsl of goods. American railroads are carrying
more lreight than ever before. However, most of
them haul a smaller share of the total intercity
freight traffic than in the past. Trailer trucks and

airplanes have cut into their workload.
Today, U.S. railroads carry around 50 percent of

the intercity freight. They have tried two methods

to regain their leadership: "piggyback" service and
"cor.rtainerization." I']iggyback service is the use of
flatcars to haul trucks loaded with freight. This
way, 2 trucking line can have many trucks trans-

ported to another city for a fraction of the cost

reqr,rired to haul thenr individually over the high-
ways. Containers are large, rectangular metal boxes

filled with freight. 'l'hey are transferred from flat-
cars to specialll, designed ships and trucks.

Tracks The rails and crossties that make up rail-
way track are laid alotrg a roadbed. The roadbed is

land that has bccn prepared as a foundation for the
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track. The roadbed follows the route planned for
the railroad. The surface layer of the roadbed is bal-

last, or crushed rock. The rails, which are made of
steel in an I-beam shape, are secured to wood, con-

crete, or steel crossties that rest on the ballast. The

rails are in 39-ft. [12-m] sections and traditionally
have been joined end to end by joint bars, also

called fish plates. The small gaps between the joints

make the familiar clickety-clack sounds as the train

wheels pass over them. Most U.S. railroads are now

replacing these rails with rails that have welded
joints. The new rails eliminate the noise and give a

smoother ride.

The distance the rails are set apart from one

another (the width) is known as the gauge.

Standard gauge, or width, in the United States and

Canada is 4 ft. Btrz in. 11.44 ml.

Rolling stock Most trains are pulled by a

locomotive, but some are pushed. Locomotives

that haul passenger and freight cars are called road

locomotives. Locomotives that move cars from
track to track in rail yards are called switching loco-

motives (see Lc-lcovorlvE).
Passenger and freight cars have something in

common. Each car has a device called a coupler at

each end. The coupler links one car to another.

Both types of cars also have air brakes, which are

connected to a master control in the locomotive
(see BR+rE). On most passenger trains, the cars

consist mainly of coaches. Coaches generally seat

from 50 to 90 passengers. Some commurer trains

have double-deck (nnro-level) coaches that seat 150

to 170 persons. Other types of cars that may be

found in passenger trains are cars that offer refresh-

ments (often called club cars) and dining cars.

Intercity passenger trains also may have sleeping

cars, baggage cars, and dome cars. A dome car has

PR-EIGHT TRAIN

Carrying freight has always been an important source of
income for railroads. Here two powerful diesel locomotives
haul a long, heavy freight train in California.
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a dome-shaped upper level enclosed in glass for

sightseeing. Dome cars are generally found on

long-distance passenger trains in the western Part
of the United States.

Freight cars range from enclosed boxcars for car-

rying general frcight to specially designed flatcars

for new automobiles. Jank cars are used to carry

various liquids. Open-top cars carry bulk materials,

such as coal.

Traffic control Railroads use lighted signals

and various other devices to control train traffic.
Most traffic signals consist of colored lights
mounted on poles alongside or over the tracks.

Just as in automobile traffic signals, red means

stop, green means proceed, and yellow means pro-

ceed with caution. Sometimes, the signal is in the

form of a semaphore. A semaphore consists of a

RAILROAD
PRESERVATION

Steam locomotives have
been phased outthroughout
most of North America and
Europe. But in some
countries, railroad
enthusiasts have bought old
railroads and rebuilt
locomotives to get them
back into working order.
This preserved locomotive
is running on a railroad
track in southern England.

set of movable arms mounted on a pole. Each

position of the arms is a different signal to the

engineer driving the train.

Most railroads use a block signal system. This

system is designed to make sure that trains keep a

safe distance from one another. It divides the rail-
road route into blocks that range from 1 to 2 mi.

[1.6 to 3.2 km] long. Only one train is allowed to

be in a block at a time. Colored light signals con-

trol the entering of trains into each block. When

a train is in a block, signal lights warn other trains

not to enter. The signals usually operate auto-

matically.
In the United States, the federal government

requires automatic block systems on all tracks

where passenger trains travel at 60 m.p.h. [97 kph]

and over. Automatic signals are also reqr-rired

where freight trains travel at 50 m.p.h. [80 kph]

1592
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or over. One of the most advanced automatic sig-

nal systems is called Centralized Tiaffic Control
(CTC). In this system, trains trip automatic block

signals when they enter and leave blocks, but all

the signals can be controlled from a central con-

trol station. If an operator in the central control
station sees two trains heading for a collision, he

or she can flip a switch that moves a track switch,

causing one of the trains to pull off the main track

onto a siding to allow the other train to pass. A
siding is a short length of track just off a main

line. The switching operation is accomplished

with a short piece of curved track that swings

into place automatically and makes the train
change direction. Some switches can be operated

by hand.

In addition to lighted signals, some trains also

have a safety device called automatic train stop

(ATS). It automatically puts on the train's brakes

if the engineer fails to notice a stop or caution

signal. Also, many locomotives contain two-
way radios so that crew members can communi-
cate with distant stations and central control
points.

History The first public railroads began in
England in the 1820s and 1830s. They used steam

engines to haul wagons loaded with freight or pas-

sengers. Other countries also had steam-powered

railroads by the mid- 1 800s. The first steam railroad

line in the United States was a 6-mi. [10-km]
length of track between Charleston and Hamburg,

South Carolina. A steam locomotive called The

Best Friend of Char/eston began making regular runs

in 1831.

The number of railroads in the United States

multiplied rapidly after 1830. Railroad lines began

to crisscross the country. opening up vast new ter-

ritories for settlement and economic growth.
Railroads were particularly important in develop-

ing the western part of the country. American rail-

roads made enormous profits from the 1870s into

the 1920s. The country's financial leaders battled

for control of the richest railroad companies.

However, the Great Depression of the 1930s

brought financial ruin to many railroads. Many

RAILROAD HISTORY

The railroads linked various regions 0f the United States in

the 1800s. lt became possible t0 cr0ss the c0untry in far less
time than ever before.

were forced out of business. The 1940s and World

War II (1939-1945) saw a recovery period for the

nation's railroads. They aided the war effort by

hauling more goods than ever before.

Since that boom period of the 1940s, the rail-

roads have been in decline again. Hearl'competi-
tion from airlines, trucks, buses, and automobiles

has cut into their passenger ancl freight business. In

1976, six bankrupt railroads located in the north-

eastern part of the countrv wcre reorganized into a

private corporation by the federal government. The

corporation is called Consolidated Rail

Corporation (ConRail). The outlook for U.S. rail-

roads is still uncertain.

See'ZKo MAGNETIC I,E,VI,I.ATION VL,HIC]I,F,.
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RAIN Rain is liquid warer that falls from the
clouds to the ground. Rain is a form of precipita-
tion (see PRECIPITAIION). Rain is the earth's major
source of fresh water. \il7ithout rain, life on Earth
would be impossible.

How rain forms The sun's hear is constantly
causing evaporation of water from the oceans and

other bodies of water and from the moist earth.

This evaporated water, called water vapor, is

always present in varying amounts in the air (see

EVAPORATION). As the air rises, it cools and cannor

RAIN
An important condition of rain formation is the orographic
lifting of air by a natural barrier such as a mountain (top).
Frontal lifting occurs when the heavy, cool air of one air mass
pushes under the warmer air of another air mass, causing it
to rise (center). Convectional lifting occurs when the sun
heats the air near the ground, causing moisture t0 evaporate
and the less dense, warm air to rise (bottom).

hold as much water vapor. At a temperature
known as the dew point, the water vapor con-
denses on tiny particles in the air, forming water
droplets. These particles, called condensation
nuclei, include soot, dust, and salt (see CoNDEN-

SATION; DE\7 POINI'). The water droplets gather

together, forming clouds. If the water droplets
become supercooled-that is, they remain liquid
below the freezing point of 32"F [0'C]-they
combine, and may be heary enough to fall to the

ground as rain or snow (see SUPERCooLING). If the

temperature drops low enough, the water droplets
may form ice crystals, which may fall to the
ground as hail or snow.

An important condition of rain formation is the

lifting of air. This lifting results in cooling and a

decrease in pressure and thus the condensation of
water vapor. Lifting happens in several ways.

Orographic lifting occurs when air is forced
upward by a natural barrier, such as a mountain. As

the air rises, it cools. Often, one side of a mountain
receives much heavier rain or snow than the other
side. This happens because the clouds release all

their moisture before getting over the mountain.
This condition occurs in the Rocky Mountains and

the Himalayas.

Frontal lifting occurs in the temperate regions of
the world. A front is the boundary berween two dif-
fe rent air masses (see rnoNr). The heary, cool air of
one air mass pushes beneath the warmer air of the

other air mass, causing the warm air to rise. The
water vapor in the warm air condenses and eventu-

ally falls as rain or snow. This type of lifting causes

the precipitation associated with frontal cyclones

(see CYCLoNE).

Convectional lifting occurs in the tropics and

during the summer in temperate regions. The sun

heats the air near the earth's surface, causing mois-

ture to evaporate and the lighter, heated air to rise,

cool, and lose its remaining moisture as rain. The
precipitation occurs in the late afternoon or
evening, during thunderstorms (see CoNVECTIoN;

THUNDERSTORM).

Distribution of rainfall Rainfall is greatest in
the tropics, where there is ayearly average of about
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100 in. [250 cm]. The temperate regions average

about 34 in. [83 cml a year. The polar regions

receive very little precipitation. Deserts also

receive very little rain. For example, Death Valley,

in California, has an average annual rainfall of
1.78 in. [4.52 cm]. Some regions have adequate

precipitation but sometimes have extended peri-

ods of unusually dry weather. Such a dry period is

called a drought.
S e e a ls o Ct.tx.tA I'1,; DRO UG HT; RAI N N{AKING ; \X/EATH E R.

RAINBO\UI A rainbow is an arch of colored

light that appears when the sun shines through
a rain shower. As the sun's rays pass through
raindrops and are re flecte d from them, the
light is bent and separated into different colors
(see LIGHT; REFI{,A,CITION OF LICIHT). Thus, each

raindrop acts as a tiny prism (see I'RISM). A

person sees a particular color reflected from
each raindrop depending on the angle between

the person, the raindrop, and the sun. All the

raindrops at a certain angle will appear red, all at

another angle will appear orange, and so on.

A complete rainbow has a primary bow and a
secondary bow. The primary bow is more bril-
liant. Its colors are violet on rhe inside, then
indigo (violet blue), blue, green, yellow orange,

and red on the outside. The colors of the dimmer

secondary bow are reversed. Red is on the inside,

and violet is on the outside . The secondary bow is

located above the primary bow.

Rainbows form in the part of the sky opposite

the sun. Rainbows may also form when sunlight

strikes the spray from a waterfall or even water from
a garden hose.

See also SPECTRUM.

Second inteinal reflection

RAINBO!T
A rainbow (left) is formed
when a ray of light f rom the
sun is reflected and
refracted (bent) as it enters
a raindrop. The different
wavelengths (colors) of
light are refracted
differently and spread out to
form a primary rainbow
(above top). ln a secondary
rainbow, the light is

reflected twice in the
raindrop, so the colors are
reversed (above bottom).

Primary rainbaw Total!ilribf r$rt,isfle ction

Refra ction

First internal reflection
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RruN FonEST

A rain forest is a forest of mostly evergreens in a cli-
mate that is constantly wet. An evergreen is a tree

or shrub that has leaves throughout the year. Most
of the world's rain forests are made up of broad-

leaved evergreen trees and are found in tropical,
subtropical, and temperate regions. However, some

wet conifer forests, such as those found in Alaska,

California, Washington, and New Zealand, are also

called rain forests (see CLIMATF,; CONIFI,R; EVER-

GRL,L,N; 't'nee).

The largest rain forests are tropical and are

located near the equator, such as in western and

central Africa, Indonesia, Malaysia, and New
Guinea. The largest tropical rain forest, the
Amazon rain forest, covers about one-third of
South America. Temperatures in tropical rain
forests range from about 68' to 93"F 120" to 34"C1.
Thunderstorms are very common and occur
almost every day in some areas. The annual rainfall
in a tropical rain forest is at least 80 in. [200 cm].

topical rain forests have a wider variety of ani-
mal and plant species than is found in any other
kind of forest in the world. For example, thousands

of species of birds and insects dwell in tropical rain
forests. The animals and plants have very delicate

and complex relationships with one another. The
most common plants in tropical rain forests are

vines; hardwood trees, such as mahoganies; and

small flowering plants, such as orchids and
bromeliads that grow as epiphytes on the trees (see

FPIPHYTF.; ORCHII) FAMILY). The tallest trees form a

covering of leaves called the upper canopy. The
upper canopy may be 100 to 150 ft. [30 to 46 m)

above the ground. Smaller trees form lower
canopies. The shade from the trees prevents about

99 percent of the sunlight from reaching the
ground. Thus, few low-growing plants are found in
the Forest. However, the ground near rivers and in
clearings may have many such plants. These areas

are sometimes called jungles. Much of the animal
lile in the rain lorest lives in the canopies. To study
the organisms in the canopies, scientists have to use

unusual means, such as hot-air balloons or con-

struction cranes.

The diverse plant life in tropical rain forests pro-
vides many valuable products for people, such as

hardwoods, herbs, fibers, rattan, rubber, and che m-

icals for drugs (see DRUG; FIBER; HLRB; RUBBER).

The demand for these products is increasing
around the world. The rain forests are rapidly being

cleared to try to meet this demand. The rain forests

are also being cleared for farming. This is in spite of
the fact that rain forests usually have only a thin
layer of soil that is poor for farming.

Scientists estimate that over 31,000 acres

112,550 hectares] of tropical rain forests are
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destroyed every day due to clearing. The clearing of
rain forests has and will have effects felt around the

world. For example, many species of animals n-ray

die out because of the loss of habitat (see nxttNc-
TION). The loss of animals affects the food chain

(see r.oon cHAIN). The decrease in plant life means

less photosynthesis. Less photosynthesis means less

oxygen is produced and less carbon dioxide is taken

out of the air (see PHo-fosyNTHESIS). Carbon diox-

ide is one of the main gases behind the greenhouse

effect, which many scientists believe is leading to

global warming (see GRFENHOUSL. EFFEC'l').

If the present rate of clearing continues, scien-

tists predict that the world's tropical rain forests will

disappear within one hundred years. Scientists also

predict that the greenhouse effect will cause drastic

changes in temperature and rainfall patterns. This
means that tropical rain forests that have been

cleared may not be able to grow back. The cleared

land may become desert.

North American rain lorests are also threat-
ened. In the late 1980s, world demand for North
American lumber grew. Much of the population
near these rain forests depends on the lumber
industry for jobs. Because of these two lacts,

North American forests continue to be cleared
(see LUNaBER).

There are efforts around the world, however, to

save the rain forests. Some countries, such as

China, India, Thailar-rd, and Nepal, already have

reforestation programs in place. In these programs,

young trees or seeds are planted. The United
Nations and the World Bank have proposed a plan

to spend billions of dollars in the 1990s to plant

trees around the world.
.9ee ako DF,FoRL.S'I A1.1ON.

RAIN FORESTS UNDER THRI,AT

Rain forests are 0ne of the earth's most complex and
important environments. They provide a home for countless
species of plants and animals. The forest illustrated at left is
in central Granada, West lndies. Today, many of the rain
f0rests are being destroyed by timber cutters or by farmers
clearing land to raise cattle. The photograph above shows
the disastrous results in a former rain forest in Brazil.
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RAIN GAUGE A rain gauge is an instrurncnt

used to rneersurc the anrount of rainfall. 'l'here

are several typcs of rain gauges. A common rype is

an opcn cylinder into which rain falls. Thc
side of the cylinder is marked in inchcs or millime-
ters. Some rain gauges arc made to prevent the

evaporation of the rain water. Othcrs require the

rainwater to be emptied from the instrument and

measured elsewhere. Rain gauges are usually placecl

in open areas where thcrc is no interfbrence from

trees or buildings.
See a/so M F,'f F.OR()l.o( ;Y.

RAINMAKINC Rait'r-aking, or clou.d seeding,

is the process by which chemicals are put into cer-

tain clouds to cause rainlall. There are several dif-
ferent rainmaking methods.

At temperatures below 32"F [0'Cl, clouds
can be seeded with frozen carbon dioxidc (dry

ice). This way works with clouds made up of
supercooled water droplets. Supercooled water

remains liquid below thc freezing point, 32'F
[0'C] (see CLOUD; PRLcllPIlATlgl.w; RAIr-i SUPhR-

Coot-lNC). Dry ice causes the temperature to drop

even farther. This makes the supercooled water

droplets form large ice crystals, which fall to the

ground as rain or snow.

Silver iodide crystals are also used to produce

rain from a cloud of supercooled water droplets.

The water forms ice crystals around the silver

iodide. \Zhen the crystals are large enough, they

fall to the ground as rlin or snow.

A liquid fertilizer consisting of ammonium nitrate

and urea is used to make rain from clouds with tem-

peratures above the freezing point. The fertilizer is

sprayed from an airplane beneath the cloud. \7ater

droplets form around the ammonium nitrate and

urea particles and then fall to the earth as rain.

There is much controversy about rainmaking.

Many people feel that an increase in rainfall in one

place reduces the rainfall in another. Other people,

however, feel that rainmaking is an invaluable aid

to farmers.

RAISIN A raisin is a grape that has been dried by

the sun or by some artificial method. Most raisins

are macle from thin-skinr-recl, seedless ycllow
grapes that have a high sugar conte nt. Raisit-ts

have been a popr.rlar lood for thousancls ol years.

Until thc late 1800s. nrosr raisins wcl'c producccl

in the MeditcrraneAn coLlntrics. By the rlid-
1890s, howeve r, Califbrnia had be corne thc
world's leading proclucer of raisins. In the United

States, onlv California procluces raisins corrmer-
cially. Its yearll, output is about 350 million lb.

[160 million kgJ.

Raisins have a high nr-rtritional value. 'l'hey are

rich in c:rrbohydr:rtes, iron, several other rrine rals,

and vitamins A, 8,, and 13,. Raisins may be eaten

raw. 'l'hey may also be cooked ancl used in other

foocls.

See a/so (;RAPF,.

Raisins are made by drying grapes. They are rich in

carbohydrates, minerals, and vitamins.

RAMSAY, SIR WILLIAM (r852-re16) sir
William Ramsay was a British chemist who dis-

covered a group ofgases called the noble gases (see

NOBI.F. cias). Ramsay worked on the noble gases

with another British scientist, John Rayleigh. In

\894, they removed the gases oxygen, nitrogen,

and carbon dioxide from air. They were left with
a small amount of an unreactive gas. They showed

that it was a new element. They called it argon

(see ELEMFN'r'). In I B9B, Ramsay liquefied air and
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then scparatcd out thc gases by fractional distilla-
tior-r (see I)tSI'tt.t.r\'t'toN). Working with M.W.
Tiavers, he discovered that air also contains the

gases neon, kryptor-r, and xenon. In 1895, he dis-

covered helium, another noble gas. For his work on

the noble gases, Ramsay won the 1904 Nobel Prize

for chemistry.

RANGE FINDER A range finder is a device

used to measure distances. C)ptical range finders are

used by surveyors and military people. Some cam-

eras also have optical range finders (see c.nMERc).

Radar is also a range-finding system. It measures

the time lapse of an electromagnetic echo and

translates the time into distance (see RaDAR).

Military range finders are usually long tubes

with eyepieces at the center. Lenses and prisms are

located at each end of the tube (see t.t-.Ns; pRISM).

The operator looks through the eyepieces and

adjusts the prisms so that the target can be sighted

through both ends of the tube at the same rime.

The diffcrcnce in direction olt the two lines of
sight is called the parallactic angle. The angle

depends on the distar-rce to the target. The angle is

measured on a dial from which the disrance of the

target can be read directly.
Two types of range fir-rders are the coincidence

type and the stereoscopic type. In the coincidence
type, the operator looks through a single eycpiccc

and sees two images of the target. By the opera-

tor's turning a knob, the two images move
together. When this happens, the distance to the

target can be read on a dial.
The operator of a stereoscopic range finder looks

through a pair of eyepieces. The operator sees a

single image of the target and also a marker that

RANGE FINDER

Many modern range-finding systems make use of radar. A
series of high-frequency radio pulses are sent out and any
reflections detected when they bounce back (below right).
The time the pulses take t0 return gives a measure of the
range. Radar information is displayed on a television-type
screen (below left).
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scems to be f1oatine itr sprrcc lrear thc trtrgct. The

ope r:rtor trlrns rr knob rrrttil the ntrrrl<e r se e trls til be

thc sanre clistrrncc awily rrs thc trtrgct. 'l'hcn the dis-

tance is rcacl on a clial.

L)uring Worlcl War II (1939-1945), radar

largely replacecl oprical rrtnse fit'rclers, bcc,ruse it
crln nreasLrre rrrtrgcs nr()re rrccttratcly. More
rccently, tl're nriIitary hrrs used lase r range f-inders,

rvhich n)casurc the tinre nccdecl firr a ptrlse of light
to tr:rvcl to and fronr a target. Laser rangc firtdcrs

rvork both cluritrg the clay and :rt tright ancl carr

n)casLlre long cl istances.

See rt/so l.ASt-R.

RARE EARTH ELEMENT Ra'e earth ele-

ments arc a group of frfteen nrctallic elements with
very similar properties (see I:l.t-.N{l-.N I'). 'l'heir

ator-r'ric numbers range from 57 to 71. The rare

earth elements also are known as thc lanthanides,

afier the first element of the series, which is named

lanthanum. Many rare e:rrth elements are found in
rnincrals called thc rare earth minerals. The most

important of these erre monazite and gatdolinite.
'l'he rare earth elements are sirnilar to each other

becausc their atoms havc a similar structurc. An

artom has a central core called a nucleus. lt is sur-

rounded by tiny orbiting particles called electrons

(see ATi)NI). ^l'hese electrotrs are irrranged in shells.

In the rare earth elernents, thc a.rrangement of elec-

trons is the same in all the shells except one. 
-l-hat

shell can hold Lrp to fourteen electrons. Lanthanum

has no electrons in that shell. The next element has

one electron in the shell. The uext has two, and so

on. 'fhe last rarc earth element, lutetium, has a fi"rll

shell of fourteen electrons.

RASPBERRY (raz'ber'e) 'l'he raspberry is e

prickly shrub growing in the fonn of upright canes.

It belongs to gcnus Rubus in the rosc family. There

are several sprecics (see nctss FAI\IttY). The shrubs

grow throughout the Northern Hemisphere. In the

United States, thev grow in the northern coastal

states and near the Clreat Lakes. Thc raspberry fruit
is a cluster of tiny, iuicy red or yellow drupelets,

each of which surroutrds ir little pip conraining a

seed (see I)RLll)F-). The frr-rit grows around thc

receptacle, from which it is casill' se;xtrrrtcd (scc

I{t:(.HI, lr\(.1.t,). 'l'his charrrcteristic is what ntakes

thc raspberry cliffcrcnt fl'om its close relative, the

blackberrv. 'l'he blackberry fruit cloes not seplrratc

easily fronr the reccpt:rclc. 'l'he rrrspbcrrv shru['r

pnrcluces f rLrit beginr-ring in its seconcl 1'ear. 
'T'he

cuncs clie after prroclucine frtrit, bttt ncw ones grow

t<'r tirke thcir prlacc.'l'he frurit is rich in iron and vi-
tamin C. It is eaten lresh, preservecl as jan or jellv,

or cooked into fbods. There Are many cultivated
va ri eti es.

RASPBERRY

The raspberry is a popular
fruit, qrown in temperate
climates. The "berry" is

actually a cluster of many
drupelets, each containing
a single seed.

RAT The rat is a furry mammal that looks like a

mouse and, like the mouse, is a rodent (see

R.Ot)t--Nt). Howevcr, the rat is larger than the

mouse. In fact, the sm:rllest rats are longer and

weigh more than the largest mice .

There are rlorc than one hundred kincls ol rats.

The black rat ancl the brown rat are the best-known

species. The black rat originally came lronr south-

east Asia and the brown rart from China, but they

have now followed humans to all parts of the world.

They carry fle:rs that transmit darngerous diseases

(sec Ft.EA). Most other kinds of rats live in areas not

inhabited by people . All species of rats have a slen-

der, scaly or hairy tail and long, sharp claws.

Black rats grow from 6 to 9 in. [1 5 to 23 cm] in
length, not including the tail. The tail is longer

than the body. A bl:rck rat's fur, which is soft, may

be black, grayish brown, or gray. The underside
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may be gray, white, yellow, or a combination of
these colors. "Roof rats" and "ship rats" are other
names for black rats.

Brown rats range from about B to 11 in. [20 to
29 cm) in length, not including the tail, which is

shorter than the body. These rats vary in color from
brownish gray to reddish gray. Brown rats have

coarse fur. "Barn rat," "sewer rat," and "house rat"
are common names for brown rats.

Both brown and black rats live in groups.
Certain rats have control over others. Members of
both species build nests in or near buildings. Both
species eat almost any kind of plant or small ani-
mal, feeding mostly at night.

Most black and brown rars mare all year. The
females give birth to three to six litters each year.

Each litter may range from six to nine babies.

Because they have so many enemies, few rats live

more than a year in their natural surroundings.
Animals that prey on rats include cats, dogs, owls,

and snakes.

In the United States, rats cause damage toraling
hundreds of millions of dollars each year. Black and

brown rats destroy eggs, fruit, grain, and vegeta-

bles. They also attack farm animals. They some-

times gnaw on furniture and lead pipes and can

RAT

There are more than a hundred species of rats, including the
Central American climbing rat (left) and the South American
water rat (above). Many rats live away from people and
cause them no harm. 0ther rats, however, destroy crops,
damage buildings, and spread disease.

cause fires by chewing on electric wires. Rats have

been krrown to attack human beings.

RATIO (ra'sho)A ratio is a mathematical exprres-

sion that gives the relationship of two different
quantities. For example, suppose two sarlespeople

have each sold a certain number of products. One
has sold seven products, and the other has sold five

products. The relationship between the numbers of
products can be written 25 2 121is-7:5. 'l'his

expression is read seuen to fue. The first number of
the ratio is called the antecedent, and the second

number is called the consequent. In this example, 7
is the antecedent and 5 is the consequent.

Fractions and percentages are also considered

ratios. For example 201100 or 20o/o can also be

written 20:100. Ratios help scientists express rela-

tionships about what they are studying. For exam-

ple, a ratio would show the difference in amounts

of two substances in a solution.
See also ARITHMETI(-; FRACTION; MAI'HtMAl"lCS;

NUMBL,R; PE,RCFNT.

RATTLESNAKE A rattlesnake is a very poison-

ous snake. It gets its name from the large, hollow,

conelike scales at the tip of its tail. When the tail
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RATTLESNAKE

The rattlesnake gets its
name from the cluster of
scales at the tip of its tail.
When the snake moves its
tail back and forth, the
scales make a noise that
usually scares away
enemies.

moves back and forth, the scales, or rattles, make a

loud buzzing noise. The noise usually scares away

enemies and also warns larger animals to keep away.

The rattlesnake adds a new scale to its rattle every

time it sheds its skin, but the older scales gradually

wear away, and even old snakes rarely have more

than about twelve scales in their rattles. There are

about thirry species of rattlesnakes. Rattlesnakes are

found in all of the United States except Hawaii,

Alaska, Delaware, and Maine. They are also found

in southern Canada and in Mexico, Central
America, and South America. The largest rat-
tlesnake is the diamondback rattlesnake, which can

grow to lengths of 72 in. [183 cm]. The smallest

rattlesnake is the western pygmy rattlesnake, which

grows to a length of 20 in. [51 cm]. Rattlesnakes live

in all types of areas-deserts, mountains, prairies,

forests, and swamps. Young rattlesnakes eat frogs

and lizards, but mature rattlesnakes feed mainly on

rodents and other warm-blooded animals. The

snakes belong to a group known as pit vipers (see

vIpER). A heat-sensitive pit on each side of the head

enables them to detect the warmth of their prey and

guides them to it.

RAVEN A raven is a large bird-the largest of all

the songbirds or perching birds. It belongs to the

crow family, Corvidae. From a distance, a raven

looks like a crow. It is all black but usually larger

than a crow. In flight its tail is diamond shaped. A
raven may grow to a length of 21 in. [52.5 cm]. It

has a very heary bill. The raven is a scavenger (see

SCAVENGER). It feeds mainly on dead animals.

Occasionally, it will kill and eat a small animal such

as a rabbit, and it also eats acorns and insects. There

are two species of ravens in North America. The

common raven lives throughout Canada, the west-

ern United States and Mexico, and parts of the

Appalachian Mountains in the eastern United
States. The raven has been found farther north,
nearer the North Pole, than any other bird. The

smaller white-necked raven is found in Mexico and

the southwestern United States.

See also CROW; PERCHING BIRD.
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The raven is a large, black bird of the crow family. lt feeds
mainly on dead animals.
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The marbled t0rped0 ray is a type of electric raythat can give
a 60-volt electric shock.

RAY A ray is a saltwater fish. It is cartilaginous-
that is, it does not have any true bones in its body
(see FISU). It is closely related to the shark (see

sHARK). A ray is a flat, pancake-shaped fish with a

slender tail and broad, flat fins. \7hen a ray swims

through the water, it looks as if it is flying. There

are many species of rays found in the oceans off
North America. Included in that group are the elec-

tric rays, stingrays, eagle rays, manta rays, and

skates (see nltclRlc FISH; SKATE). Most rays live

near the bottom of the ocean. Thev eat mollusks

RAYON-Manufacture
Viscose rayon is made from
wood pulp (cellulose),
which is treated with
sodium hydroxide before
being shredded and aged.
The cellulose crumbs are
next treated with carbon
disulfide and sodium
hydroxide, and the viscose
formed is forced through
the holes of a spinneret in
an acid bath to form rayon
th rea d s.

Shredder

RA

and crustaceans (see CRUSTACEAN: MOI.I.USCA).

Some rays may exceed 20 ft. 16 ml in length. The
huge devil ray, or manta ray, flaps its fins like wings

as it glides through the surface layer and feeds on

plankton. It can even break through the surface and

fly for a short distance.

RAYON (ra'on) Rayon is a material produced
from the cellulose fiber of cotton or wood pulp (see

CELLULOSE). Rayon is widely used to make indus-

trial materials and textiles for clothing, upholstery,

draperies, and other fabrics.

Various chemical methods are used to turn the

cellulose into a thick liquid, from which rayon

threads are made. The liquid cellulose is forced

through very small openings in devices called spin-

nerets to form filaments (tiny threads). There are

three main ways to make rayon.

The viscose process is the most common. In this

process, cellulose in the form of wood pulp is

soaked in a solution of sodium hydroxide. The
soaked cellulose is put through presses that squeeze

out the excess liquid. The cellulose is then

Ca rbon
d isu lf ide

Sodium
hyd roxid e

Viscose
ta n k ....\

Spinneret

Ag ing,vat

Acid bath --Y"
Rayon threads
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shredded into crumbs. After aging at high tem-

peratures, the crumbs are treated with carbon

disulfide. Carbon disulfide turns these crumbs

into cellulose xanthate. The crumbs are then
dissolved in an alkali bath (see alxaLt). Next,
pumps force the liquid through the tiny holes of a
spinneret and into an acid to form rayon threads
(see ACID).

Other methods for making rayon are the
cuprammonium process and the acetate process.

Rayon made by the acetate process is easily burned,

and boiling takes out its shine. However, its fine-

ness, texture, and dyeability make it desirable.

See also CF,LLULoSE, ACETME.

REACTANCE (re lk'tans) In an electric circuit,

certain components oppose the flow of current.
This is called resistance (see cllRCUIT, ELECTRIC;

CURRENT, ELEC.I.RIC; RESISTANCE, E,I,ECTRICAL).

There are rwo types of current: direct current and

alternating current. An alternating current flows

first in one direction and then in the other. This is

called a cycle. The number of cycles in a second is

called the frequency of the current (see RLTeRNAT-

ING CURRENI).

In some components, such as capacitors, the

resistance depends on the frequency of the current.

The resistance is then called the reactance. For a

capacitor, the reactance increases as the frequency

B4lq\rq):!'s
Rayon can be dyed to yield
threads of almost any color
The thread can then be
woven to produce single-
colored or multicolored
c I oth.

decreases (see calactroR AND cAIACITANCE).

Reactance, like resistance, is measured in units
called ohms.

See also Ottxt.

REACTION, PRINCIPLE OF Mechanics

is the branch of physics that studies the effects of
forces on bodies. There are three very important
laws of mechanics. They are called Newton's laws of
motion (see D\NAMICS; ML,CHANICS; MOTION, I,AWS

op). The third law of motion states that for every

action there is an equal and opposite reaction. This

means that forces always occur in pairs. For exam-

ple, if a magnet attracts a piece of iron, then the

piece of iron will also attract the magnet with a

force that is equal in magnitude (size) but opposite

in direction. \7hen an object rests on the ground,

the downwards contact force applied to the ground

always produces an equal upwards reaction force.

This principle of reaction also applies to moving

bodies. For example, when a bullet is fired from a

gun, the gun recoils. The recoil is the reaction

caused by the force that pushes the bullet out of the

gun. Jet and rocket engines also work on the prin-
ciple of reaction. Hot gases are thrust out the back

of the engine. The force of the gases is the action.

It produces a reaction in the opposite, forward
direction. This reaction causes the f et or rocket to

move forward.
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A nuclear reactor is a device in which atoms are

split in a controlled chain reaction in order to
release energy (see CHAIN nEaCrtON). This type of
reaction is known as a fission reaction (see FISSIoN).

Nuclear reactors use radioactive materials such as

uranium-235, uranium-233, and plutonium-239
as fuel.

The chain reaction begins when the nucleus of a

uranium-235 atom is hit by a neutron from the

nucleus of another atom. This causes it to break into
two roughly equal fragments. These release two or
three very high-energy neutrons that then hit other

atoms, causing them to break up and release more

neutrons. The reaction produces heat, which is used

to generate steam that spins a turbine. The turbinet
shaft drives an electrical generator (see GENERafoR).

Nuclear reactors produce huge amounts of elec-

tricity around the world. They are sometimes also

used to produce heat or serve as sources ofneutrons
used in scientific research (see NEUTRoN).

REACTOR DESIGNS

Three nuclear reactor designs are shown here. The c0mm0n
pressurized water reactor (right) has water under pressure
as its coolant. ln the advanced gas-cooled reactor (below),
the coolant is carbon dioxide. The fast breeder reactor
(below right) uses liquid sodium metal as its coolant. Alltypes
have heat exchangers in which the hot coolant boils water to
make steam for driving turbine generators (to produce
e le ctric ity).

Fuel rods

-+ Steam
0ut

Most nuclear reactors in the United States have a

similar construction. A pressurized reaction vessel

is housed within the radiation-proof containment
shell. The vessel contains fissionable fuel and mov-
able control rods. In these slow reactors, the vessel

contains water. 'fhe water moderates, or slows, the

liberated nuclear particles that begin the fission

process. \Tithout moderation, many of the parti-
cles would move too quickly to continue this type

of nuclear reaction. \When the vessel's control rods

are withdrawn, the core becomes critical. The
nuclear reaction occurs spontaneously, releasing an

incredible amount of heat. This heat is absorbed by

the pressurized water. The heated water is pumped
into a heat exchanger unit. There, heat is trans-

ferred to a secondary \,!'ater system. \fater in this

secondary system is vaporized and used to spin a
steam turbine. After passing through the turbine,
the steam is cooled in a sometimes elaborare con-

denser. After returning to its liquid state, the water

--y Steam
out

- Heat
exc ha ng er

Water
in

Pressu rize r

l--
I
l

Heat
exc ha ng er

< Water
-in

.-j l.-.-* ,,.u,
Gort

Fuel rods

Carbon dioxide coolant

Pump

Liquid sodium metal coolanl
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is pumped back into the reactor core, and the

process repeats.

Some types of slow reactors are called breeder

reactors. As the name implies, breeder reactors

produce, or "breed," additional fuel materials.

Another type of reactor is called a fast reactor.

Unlike the slow reactors, these reactors contain no

moderating materials. Instead of water, the fast

reactors use a melted metal,

such as sodium, to transfer

heat energy.

At one time scientrsts
thought that nuclear reac-

tors could be used to pro-
duce limitless amounts of
energy safely and at very low

cost. Now people realize that

there are still many safety

problems to be solved. One

serious unsolved problem is

how to dispose of the waste

(which is usually radioac-

tive) produced by the reac-

tors. Another problem is

preventing radiation from
escaping the plant (see RAIII-

ATION). If a fission reaction

is not properly controlled,
accidents can happen and

radiation can be released

into the surrounding area.

Serious accidents have

already occurred. In 1979

the nuclear reactor at Three

Mile Island in Harrisburg,
Pennsylvania, failed, and

some radioactive gases were

released. Fortunately the
health effects proved to be

quite small. Much more
nuclear radiation was

released in 1986 when a

reactor at Chernobyl in
Ukraine caught fire and
exploded (see CHTRNOBYL).

These safety problems have

made some people revise their thinking about

use of nuclear power.

.See also NUCLEAR ENERGY.

BAD AND GOOD DESIGNS

ln the RMBK reactor (below), the water coolant boils inside
the reactor and steam is led off. A failure of this system
caused a disastrous explosion at Chernobyl in Ukraine in

1986. ln the Canadian CANDU reactor (bottom), a single loop
of heavy water coolant produces steam in a heat exchanger.

Heat exchanger

./ <- Water in

Pump

Heavy water coolant

Fuel rods

the

Steam f
oul

Steam
drums

Water
in

Steam +
0ut

Pressurizer- -

Fuel rods Water coolant

Steam generator
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RECEPTACLE (ri s6p'te kal) The receptacle is the

swollen part at the top ofa flower stalk. The petals and

other parts of the flower are attached to it. In some

fruits, such as apples, pears, and strawberries, the

receptacle becomes the fleshy, edible part of the fruit.
See a/so FI.OWF-R; FRUII'i POMI-..

RECEPTOR (.; sEp'tar) A receptor is a special

nerve ceil that responds ro stimuli in the environ-

ment (see NL.RVE CItLL; NERVOUS SYS-fhM). Receptors

are found in the sense organs of the body-the ears,

eyes, nose, skin, and tongue-and within the body

tissues. The receptors translate sounds, sights, posi-

tion, and so on, into nerve impulses, or messages.
'l'he messages are then sent to the central nervous

system through other nerve cells. The human eye,

for example, has two major kinds of reccptors in
the retina. The retina is the light-sensitive part of
the eye. These receptors are called rods and cones

(see F,YII AND VISIC)N). The rods respond to light,
but not to color (different wavelengths of light).
The cones, on the other hand, do respond to color.
'I'hey are called the color receptors.

RECESSIVE CHARACTER A rccessive

character is a characteristic of a plant or animal that
does not always show up in an individual, even if
the gene producing it is prescnt. The charactcristics

of piants and animals are usually controlled by

numerous genes, but some features can be con-

trolled by a single pair of genes (see (lENtr). For

example, the height of pea plants is controlled by

two different genes. If the two chromosomes carry-

ing the genes that control height both have "short"

genes, the plant will be short, and if they both carry
"tall" genes, the plant will be tall. If therc is onc
"short" gene and one "tall" gene, the plant will still

be tall. Although a "short" gene is present, it is

masked by the "tall" gene. The "short" gene is

called a recessive gene, and shortness in pea plants

is called a recessive charactcr. fhe "tall" gene is the

dominant gene in this pca plant, so tallness is dom-
inant over shortness (see Di)MINANCtT).

See a/so (lh,N tr'l'l(lS; (; trNO'I'YI'F.; H F.RF.DI'l'Y; M F.NI)l-.t.,

GRF,(iORY; PH F,NOTYPE.

RECORDING Recording has several meanings

in science and technology. Most of these mcanings

come from the idea of making a record of observa-

tions, or data. For example, written data is a type of
recording. f)ata that is input into a computer is also

a type of recording (see CoMI'}U'l'Ln). This data may

be stored on a magnetic disk or tape, an optical

disc, or a CD-ROM (Compact Disc Read-Only
Memory). Optical discs (also called laser discs) and

CD-ROMs can record a large amount of informa-
tion including sounds (audio), text, photographs,

and moving images (video).

\
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i5 BIlqmAG-Y4r"."p:
This diagram shows part of
the inside of a videotape
recorder. The numbered
parts are the (1) general
erasing head, (2) video
recording and reading head,
(3) audio erasing head,
(4) audio and control
recording and reading head,
and (5)magnetic tape.
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Sound is also recorded as data (see souNl)
RF.CORI)IN(;). Sour-rd can be recorded on magnetic

tape, such as reel-to-reel and cassette tape, and on

vinyl records. Digital recording started to be used

in the 1980s, when the first compact disc (CD) was

produced. Compact discs give a very clear sound.

Other types of digital recordings include the digital

audio tape (DAT), the digital compact casette

(DCC), and the minidisc (MD).
Images, such as those taken by photographic

film, are also a type of data (see cAML.RA).

Camcorders and magnetic videotape record images

and sound at the same time (see VIDEO RECORI)-

INC). A motion picture has its sound recorded as an

optical or magnetic strip along the edge of the film
(see MO-l'lON PIC1-URE).

RECTIFIER (rEk'ta {i'ar) A rectifier is a device

that is used in electronic circuits. It lets an electric

current flow through it easily in one direction.
However, if the current tries to flow through it in
the other direction, very little gets through. A rec-

tifier is used for changing an alternating current
into a direct current in electronic devices, such as

televisions, that need some alternating current and

some direct current (see ALTERNATING CURRF,NT;

DIRE,C'I' CURRENT).

There are many different types of rectifiers. One

type is called the metal rectifier. It consists of layers

of copper disks. One side of each disk is coated

with a layer of copper oxide. The disks are placed

RLCORDING-Records and CD-ROMS

Sound can be recorded on magnetic tape 0r on vinyl records
(below left). The storage space 0n a typicalCD-R0M disc is
allotted as shown (below right).

--I*...--

together so that one copper side is next to another

copper side. Similarly, a copper oxide side is placed

next to another copper oxide side. This gives a

series of copper and copper oxide boundaries. The

rectification takes place at these boundaries. A
diode is a type of vacuum tube with two electrodes

(see vACUUM 'l'uBts). It allows current to flow in
only one direction. It is often used as a rectifier.

RECYCLING (re si'kling) Recycling is the

process of collecting wastes (materials that are left

over after something has been produced or used) to

regain materials in order to use them again.

Recycled wastes provide materials for many new

products. For example, recycled aluminum cans are

used to make new cans and other aluminum prod-

ucts. Recycled paper is used in making new paper

and insulation (see INSULATION). Recycled glass is

used to make new glass products and even a tough

material for street paving. Recycled motor oil is

used as fuel oil in industry.

The interest in recycling has been steadily grow-

ing, partly because many cities in the United States

are facing shortages of places to dispose of their
waste. Many landfills are being closed due to con-

cerns about the pollution they cause or because

they are becoming full (see \rASTE DISPOSAL). Many

areas today have recycling centers. Some even have

curbside pickup of recyclable products.

Photog ra phs udio \

Video 
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The recyclable items that are often scnt to land-

fills include aluminum cans, glass containers, news-

papers and other paper products, plastic products,

and scrap metal. Besides saving landfill space, recy-

cling also saves natural resources that would be

used to make totally new products (see NAIURAI-

RESOURCF.). For example, recycling paper and paper

products saves trees. Hundreds of thousands of
trees could be saved each week if all newspapers

were recycled.

Recycling metal reduces the amount of minerals

that have to be dug. It also saves the landscape from
being harmed by mining (see tr,ltNtNc;). Recycling

has many other advantages. It saves energy (see

tNER(IY). For example, recycling aluminum prod-

ucts and making them into new products uses 95

percent less energy than producing aluminum
products from newly mined bauxite, from which

aluminum is extracted. Recycling paper and mak-

ing new paper products uses 60 percent less energy

than manufacturing paper and paper products

from newly cut timber. The amount of energy

R,ECYCLING

Many communities have recycling centers where people can
take waste products. There are usually different containers
for paper, glass (separated by color), and metals such as
aluminum cans.

RE

saved from recycling a glass jar could be used to

light a 1O0-watt bulb for four hours. Recycling alsc>

helps reduce the pollution that may be caused by

improperly disposing of various wastes (see POLLU-

ftoN). For example, old batteries, paints, and

motor oil contain poisonous substances. Improper
disposal of these substances may cause water sup-

plies to be contaminated.
In spite ofall ofthese advantages, recycling faces

many obstacles. For example, many wastes, such as

plastic products, are difficult to recycle. Many plas-

tic products are actually made up of many layers of
different types of plastic. These layers are difficult
to separate so they can be used again. Another
problem is that consumers may not readily buy

products made from recycled materials. For exam-

ple, recycled paper is usually less white than most

paper used in today's offices.

Much research is being done on recycling. For

example, scientists are developing new products

that can be made from recycled materials. They are

researching different processes for recycling plas-

tics. Communities are also educating their citizens

about recycling. For example, some programs teach

how food and yard scraps can be turned into com-

post for gardens.

See also COMPO.ST.
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REDBUD The redbud is any of several species of
trees and shrubs belonging to genus Cercis of the

pea family (see lra FAMtt-Y). Redbuds can grow to
about 40 ft. ll2 ml tall and have smooth, reddish

brown bark and hard wood. Clusters of pink or
purple flowers bloom in the spring before the leaves

grow. The leaves are simple and heart shaped (see

LEAF). The seeds grow in pods (legumes) and are a

source of food for wildlife. The trees are popular in
parks and gardens.

REDBUD

Several kinds of trees and shrubs, all of which are members
of the pea family, are called redbuds.

RED GIANTA red giant is anylarge, bright star

with a relatively cool surface (see sTan). Red giants

exist at a late stage in the life of a star such as the

sun. \7hen these stars run out ofhydrogen fuel at

their center, they expand and cool to form a red

giant. Red giants usually have diameters between

10 and 100 times that of the sun. However, some

red giants are larger. One of the largest stars, called
Betelgeuse, is a red giant in the constellation of
Orion. It has a diameter of 621 million mi. [1,000
million km], which is more than 730 times greater

than the diameter of the sun. The matter inside a

red giant is spread out over such a large volume that
it is not much denser than the best vacuum that can

be created in a laboratory. Red giants are bright

RED GIANT
This part of the night sky contains the constellation 0rion
(the Hunter). The bright star at the top left is Betelgeuse, a
red giant that is 600 light-years from the earth.

because they are so large. However, their surface

temperature is lower than that of the sun, which is

about 3,100 to 4,900'F [1,700 ro 2,700"C).

RED SHIFT Red shift is a type of Doppler effect

seen in light from stars and galaxies (clusters of
stars) that are moving away from us (see DOPPLER

EFFEC'I). The dark lines of the absorption spectra

(plural of spectrum) of this light are found to morre

toward the red end of the spectrum (see sPEC-

TRUM). Red shift is used by astronomers to deter-

mine the distance of a star or galaxy from the earth

and the speed at which it is moving.
Astronomers determine red shift by passing the

light of a star or galaxy through an instrument
called a spectroscope. The spectroscope separates

the light into its different colors (see SPECTRo-

sCoPE). Certain lines appear in the spectrum,
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RED SHIFT

Astronomers use the red shift to determine the distance from
Earth of stars and galaxies, such as the spiral galaxy
pictured, and the speed at which they are moving.

caused by the absorption of radiation in the star's or

stars' atmosphere. These lines will be shifted
toward the violet end of the spectrum if the star or

galaxy is approaching the earth. The lines will be

shifted toward the red end of the spectrum if the

star or gala-ry is moving away from the earth.

Edwin Hubble, an American astronomer, deter-

mined that the greater the red shift, the more dis-

tant the star or galaxy and the greater its speed of
motion away from the earth. A red shift is evident

in all the galaxies beyond the Local Group (a group

of about twenty nearby galaxies). if Hubble's inter-
pretation of the red shift is correct, it not only indi-
cates that the galaxies are moving away from the

earth (and from one another) but also that the

more distant galaxies are moving away at even

greater speed. Scientists have thus concluded that

the universe is now expanding.

See AIso GAI,AXY; HUtsBLE, F,D\(/IN PO\X/ET,I,; UNIVE,RSE.

RED\U7OOD 
.ftre 

redwood is one of the largest

trees in the world. It grows up to 340 ft. [103 m]

tall and 25 ft.17.6 ml thick. It belongs to the same

family as the giant sequoia although it is placed in

a different genus (see GIAN'I' SEQUOIA). The red-

wood is an evergreen, with needlelike leaves. The

fruit of the tree is a cone (see cclNtpER; tvER-

GREEN). The wood of the redwood is red, soft, and

resistant to water. It is often used to make lawn

furniture and decks for swimming pools. The red-

wood grows in coastal California and Oregon,

REDWOOD

Redwood trees are some of the largest trees in the world.
They grow in California and 0regon in parks, where they are
protected from destruction.

where there are state and national parks to protect

the giant tree.

See also NATIONAL PARK.

REED Reedrs the common name for several large

grasses that live in and around water (see GRASS

I-AMILY). They can be found throughout the world.

The stems are largely hollow or filled with a watery

pith (spongy tissue). The flowers grow in dense

clusters at the tops of the stems (see INFT.oRESCENCE).

Common reed, belonging to the genus

Phragmites, grows in and around shallow water in
almost every part of the world. It forms dense
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reed beds around some large lakes and also in nrany

estuaries. Its stifl smooth stems reach he ights of l0
ft. [3 m]. They are sometimes hollowed out and

used to make musical instruments. They are also

used for basket making, but their main use is for
making thatched roofs. Giant reed, which belongs

to the genus Arundo, grows to a height of about 20

ft. [6 m] and is one of the largest of the true grasses.

It is a native of the Mediterranean region, where it
is widely planted to shelter delicate crops from the

wind. Its canelike stems are used for fences and

fishing rods and for shading the terraces and veran-

das of many Mediterranean houses. Panpipcs were

traditionally made from the stems, and the plant
also yields the "reeds" used for the mouthpieces of
clarinets and other wind instruments.

REED, WALTER (1851-1902) walter Reed

was an American physician who proved that both
typhoid fever and yellow fever can be spread by

insects. As an army surgeon during the Spanish-

American \War (1898), Reed showed that flies car-

ried the microorganism that causes typhoid fever

(see vrcRooRGANrsM; TypHOrr) r-'EVER).

In 1900, as head of the U.S. Army Yellow Fever

Commission, Reed was trying to control an epi-

demic among American soldiers in Cuba (see npt-

DEMIC; YELLOW FEVER). Reed's commission
conducted many experiments there. Eventually,

REEt)

Several kinds of grasses
that grow in water are
called reeds. Reeds are
used to make thatched
roofs, musical instruments,
and baskets.

they began testing a thcorv pLrt firrth [',r' the (.uban

physician (-arlos frinlay that nroscluitoes carriccl the

microclrganisnr that callses thc cliscasc. 
'lir conflrnr

this, several sclldicrs ancl doctors volr-rnteered to be

bitten by the n-rosclr-ritoes. Finlar,'s theory was

proved to be true. For many years, Reccl receivccl all

the credit for the theory. Finlay received credit fbr
his contribution in 1954 (see l:lNt.r\\', (.,\ll.l.()s).

Once the carriers of tvphoicl ancl yellolv fcve r

had been identifred, scientists were rrble to conrrol
the spread of the diseases bv killing the inscct
carriers.

See ako I)lSF.ASF.: INlrl.(. I I()N.

REFLECTION OF LIGHT When light hits

a surface, all or part of it bounces off the surFace.

This is called reflection. Vith some materials, such

as clear glass, only part of the light is reflected. The
rest passes through the material. With other mate-

rials, such as metals, nearly all the light is reflected

from the surface.

The ray of light hitting a surface is called the

incident ray. The ray that is reflected is called the

reflected ray. The reflected ray obeys two simple

laws. Imagine a line drawn at 90 degrees to the sur-

face. This line is known as the normal. The normal
and the incident and reflected rays all touch the

surface at the same point. The normal and the inci-
dent and reflected rays all lie in the same plane.

1612
i
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This is the first law olreflcction. 'l'he angle bctween

the incident ray and the normal is callccl the angle

of incidence. In the same way, thc angle betwecn

the reflcctcd ray and thc normal is called thc angle

of reflection. Thc second law of reflection states

that these two angles arc always eclual.

See ako LI(lHT; Rt-lrRA(ll'l()N Of I.l(;H'l .
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REFLEX A reflex is an automatic action in
response to a stimulus. For example, if a person

acciclentally touches a hot stove, he or she jerks his

or her hancl away befbre having time to think about

what he or she is cloing. ln this example, the hot
stove is the stinrulus. The jerkins ar'r'ay is the reflex,

or resP0nse.

Reflexes such as the "pLrpil reflex" are quirc com-

rnon. If a bright light is clirected at a pcrson's eve,

the pLrpil (opening) of the eye becomes srlailer. If
the light is taken away and the person's cyes are

shaded, the pupil becomes larger aeain. The light
or shac{e acts as the stirnulus. Thc reaction of the

pupil is the eyc's response.

In its simplest form, four basic cvents are

ir-rvolvecl in a refl ex-receptiot-r, concluctiot't, tlans-

rnissior-r, at'rd response. The stimulus is received bv

spccial nerve cells called receptors (see ttt'c-nlron) .

Energy lronr the stimulus is changed into nerve

impulses, or messases, and conducted (carried)

from the receptor to the central nervous system bv

sensory ncrves. From thc central nervous systeln,

the nerve impr.rlses are transmitted (sent) to the

motor nerves. Tl-re motor nerves cause the muscles

and glands to respond (act) (see NhRV()Lis svsl't'-N.{).

Doctors often test a person's reflexes to make sure

tl'rat various parts olthe persons ncrvoLls systen are

workine prroperlv. The knee jerk refiex, also called

the patellar rcflex, is frequcntl,v tested. Thc doctor

lightly strikes a tendon beneath the krrcecap rvitl'r a

rubber hammcr. 'l-his cnuses :r reflex contraction of
the muscles of the Lrpper leg, rvhich ir-r turtr causes

the lower part of thc lcg to jerk upwarcl suddenly.

Strch reflcxes are called "unconditioned rcflexes."

All nonr-ral people and rnany other animals have

unconditioned reflexcs. J'hese reflexcs happen

without special learning or expericnce.

Another tvpe of reflex, thc conditioned reflex,

was believed by Ivan Pavlov to be the basis of learn-

ing (see PAVI.()\/, I\,AN PF.TRO\/I(.H). Hou'ever, most

psychologists toclay believe th:rt tl're mechanism of
learning is nruch more complicated.

See tt/so T.L,AIININ(; ANI) NIt-\{()R\'. L pnolEcr zt

REFRACTION OF LICHT Ref'action of
light is a charrgc ol direction in a ray oF light as it

* Incident ray

Anqle ol , Angle of

rellection rncrdence
Hr
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REFLECTION OF LIGHT
The angle between the incident ray (the ray of light hitting a

surface) and the normal (an imaginary line drawn at a 90-

degree angle t0 the surface) is the same as the angle
between the reflected ray and the normal. This is the second
law of reflection of light.

ACTTWTY How to show reflection

Hold a comb near a mirror so that light shines through
the teeth and falls on the mirror. 0bserve that the
beams that strike the mirror are reflected at the same
angle. Turn the mirror to a different angle and see
that the reflected beams turn.
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passes lronr onc sulrstance to anothcr. \rVhen a ray

of light hits an object, sorne of it may pass throlrgh
the surfrrce. For example, light passes tl-rnrtrgh glass.

As a light ray passcs fi-onr thc air into thc glass, it is
be nt-that is, it changcs its direction. 'l'his is

refractior-r. Irnagir"re a line drawn frorn the surlace

into the substance. This line is at a 90" ar-rgle to the

surface ancl meets it at the same point as the light
ray. The line is called the normal. The ray can be

bent eithcr towarcl or away fror-n thc normal. \flhcn
a ray p:rsses from air into glass, it is bent toward the

normal. When it passcs oLrt int() lir again, it is bent

away from the normarl. Another change happerrs

when light passes fronr one substance to another.

The speed of the light changes. As the light is bent

toward the normal, it slows down. As the light is

bent away from the normal, it is speeded up.
'l'he re are two basic laws ol refraction. The ra1,

that hits the surlacc is known as thc incidcnt ray.

The first law states that the incident and refracted

rays and the normal all lie in the same plane. The
second law is called Snell's law. The angle between

the incident ray and the normal is called the angle

of incidence. The angle between the refracted ray

and the normal is callecl the angle of relraction.

Snell's law states that the sine of one of these

Anqle of

Normal

10

angles is proportional to the sir-re of thc otl-rer

angle (see l l{l(;()No j\1t:'l I{\'). 'l'he sine of the angle

of inciclence clivicled by thc sinc ol thc angle of
rcfraction is a constrrnt. 'l'hc size of the constant

depends on the two materirrls that the light is pass-

ing thror-rgh. It is callcd tl're refractive inclex

between the two rnaterials.

See also Ll(;ll I': Iltrl;l.lr(..1'lON ()F ll(lH'|.

REFRIGERATION ('; frij'ar a'shan) Refri-
geration is the process of producing low tenlperatllres

by removing hcat fron'r a substat.rce. Refrigcration is

based on the second law of thermodynamics (see

'lHt.RMoI)YNAMI(lS). This law implies that if two
objects arre at different tcmperaturcs, hcat will flow
naturally from the warmer object to the cooler object.

Refrigeratior-r is also based on the idea that when l,r gas

becomes a liquid, it loses heat. \When a liquid
becomes a girs, it absorbs heat (see (lAS; LIQUID).

Refrigeration often takes place in an insulated

cabinet or room callcd a rcfrigcrator (scc INSULA-
't toN). Refrigerators are often used to store food ir-r

the home. Refrigerators can also be used to storc

other items, sr.rch as blood for transfusions, to keep

them from spoiling.
In a home refrigerator, the substance that

rcmoves heat fron-r another substance, such as

warm food, is called the refrigerant. A refrigerar.rt is

a substance that evaporates (becornes a gas) and

condenses (becomes a liquid) as a result of changes

in pressure (see c){)NDhNSA'flON; ITVAPORA'fION).

There are several kinds of refr-igerants, including
ice, carbon dioxide, and a chlorofluorocarbon
(CFC) called flreon (see CHLOROITI.UOROCARBON).

Because CFCs damage the protective ozone layer in

the atmosphere, they are gradually being replaced

by other tvpes of refrigerants (see OZ-ON[, [-AYLR).

The cooling cycle irr a home refrigerator begins

when the liquid refrigerant leaves a kind of storage

tank called a receiver. 
-I'he liquid refrigerant travels

through a pipe to a device called the refrigerant-

control device. This device reduces the pressure of
the liquid refrigerarnt as it enters the evaporator.

Thc evaporator is actually a series of pipes that may

line the walls of the refrigerator and/or the

I ncrdent
rav
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REFRACTION OF LICHT
Refraction of light is a change of direction in a ray of light as
it passes from one substance t0 another. When a ray of light
hits an object, some of it may pass through the surface. As
the ray passes through, it changes direction. This is
refra ctio n.
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Re c eiver

REFRIGERATION

ln a home refrigerator, heat is removed from the contents by
an ice-cold refrigerant, which circulates in narrow pipes. The
warmed liquid turns t0 a gas, which is co0led again 0n
passing through an expansion valve. A compressor then
turns the refrigerant back into a liquid.

compartment known as the freczer. Because the liq-

uid refrigerant is now at low pressure, it evaporates

and becomes a gas. During evaporation, the refrig-

erant becomes cooler. Therefore, heat moves

toward the refrigerant. In other words, the refriger-

ant absorbs heat from within the rcfrigerator. This
causes refrigeration. Another dcvice called a com-

pressor pumps the refrigerant, which is now a gas,

into a condenser. The compressor also increases the

pressure of the gas refrigerant. 'l'he increased pres-

sure causes the gas refrigerant to turn back into a

liquid in the condenscr. As it does so, the refriger-

ant releases its heat outside the refrigerator. The liq-
uid refrigerant then flows back to the receiver to

start the cooling proccss again.

REGENERATION (ri jEn'a ra'shan) Regen-

eration is the ability of an organism to grow new

body parts to replace lost or damaged ones. All
organisms have at least some power of regenera-

tion. However, it is most common in plants and

REG

lower animals. For examplc, many lawn owners trv
to control weeds trv cutting them off at ground
level. The remaining roots quicklv regenerate new

stems and lcaves, however. The resulting plant mav

be even larger than the original. This principle is

often used by gardeners who want to produce sev-

eral plants that are exactly identical to an original

one. 'fhey plant certain structllres, such as leaves or

pieces of stem, which then grow into new plants
(see V[:{iF.-lAI'l\/t' I'}ROPA(;AI'l()N).

Some lower animals, such as sponges, cnidarians
(sr-rch as jellyfish), and simple worms, can be cut

into several pieces, and each of these pieces will
regenerate into a new organism. Starfish can regen-

eratc lost arms. Lobsters ancl crayfish can regener-

ate lost claws, legs, and eyes. Insects can aiso

regenerate lclst limbs as long irs the damage occurs

b.lorc they r.,rch maturitv.

Regeneration among the vertebrates (animals

with backbones) is more limited. Most bonv
fishes can regenerate lost fins. Fishcs whose skele-

tons are made olcartilage, howcver, cannot. Many
lizards and newts rrot clnly regeneratc a lost tail,

but may purposely break it off to escape lrom an

enemy. Molting is also a fcrrm of regene ration (see

MOt;I-tN(;).

Although humans and other mammals cannot

regenerate lost limbs or tails, they can replacc hair,

nails, and skin. In addition, mammals can repair

broken bones and other clamaged tissues. For

example, if as much as 75 percent of a human liver

is removed, the remaining tissue increases in size

until it is as large as the original organ. Many other

organs, such as lungs and kidneys, increasc in size

to replace lost or damaged tissues. If lost at an early

age, the fingertip of a child will regenerate itselL

Sometimes, the tissues that an organism regener-

ates are different from the original tissues. Some

arthropods (animals such as insects, spiders, crabs,

and lobsters) replace an antenna with a leg or an

eyestalk with an antenna. Frequently, the regener-

ated structure is smaller than the original. It usually

functions well enough to replace the original, how-

ever. Sometimes, the new structure looks and func-

tions like the original but differs in details (see

AS t X U A I. RF. P RO D U C-T I O N I R L, P RO D LJ CT I ( ) r\" ) .

l(r15
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R,EGENERATION

This damaged five-armed starfish is in the process of
regenerating a lost arm.

The word regeneration is also used to describe the

process by which a woodland or any other habitat
regains its original condition after fire or other
interference, such as tree felling.

REINDEER (ran'dir') The reindeer is a deer that
lives in the cold, northern areas of Europe and Asia.

It is usually considered to be the same species as the

caribou of North America, although it is a different

REINDEER

Both male and female
reindeer have antlers.
Reindeer usually travel in
herds. These animals were
photographed in Svalbard
(Spitsbergen), in the north
of Norway.

race or subspecies (see CARIBOU; DEER). The rein-
deer and caribou are the only deer in which both
the males and females have antlers (see nNrt-RR).

They also have large, broad hoofs that are well-
suited for walking on the snow.

A reindeer may grow to 4 ft. [1.2 m] tall at the

shoulder and weigh more than 330 lb. [150 kg]. It
is usually gray or brown, with lighter fur on its
belly. The reindeer has hard, stiff hairs covering a
soft, thick underfur. Reindeer usually travel in large

herds. They migrate (pass periodically from one

region to another) southward into the forests in the

winter and feed mostly on a lichen called reindeer

moss (see LICHEN). In the summer, the herd moves

northward to the tundras (treeless plains of north-
ern regions), where the animals feed on lichens and

grasses and on the dwarf shrubs.

Reindeer mate in the fall after the males have

fought to gather large groups of females around
them. After a pregnancy of about seven and a half
months, the female gives birth to one or two calves.

Most reindeer live for about fifteen years.

In many countries, reindeer have been domesti-

cated. They are used as pack animals because they

can carry or pull heary loads without tiring easily.

Reindeer also provide milk, meat, and hides.

Domesticated reindeer are kept in large numbers
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by the Sami, or Lapps, a people of northern
Norway, Sweden, and Finland and the Kola
Peninsula of Russia. By about 1800, wild rein-
deer had been exterminated in Sweden. They
have survived in the mountainous areas of south-
ern Norwav. Wild reindcer are also found in
northern and eastern Finland. The natural ene-

mies of reindee r include lynxes, wolves, and
wolverines.

REINFORCED MATERIALS Reinforced
materials are materials that are strengthened by

being combined with other stronger materials. For

example, reinforced concrete is strengthened by

embedding metal bars or metal wire into the wet

concrete (see CONCRETE AND CEMENT). In another

reinforced material called fiberglass, strong glass

fibers are embedded into a polyrner resin to make a

material that is very strong, yet light (see r.tul,R-

cILASS; POLYI,4tR). Polymer resin is also reinforced

with strong carbon fibers to produce a reinforced

material used to make aircraft bodies.

RELATIVE ATOMIC MASS'fhe relative

atomic mass is the mass of one atom of an element

divided byllr: of the mass of one atom of carbon

12. Originally the mass of hydrogen, the lightest

atom, was taken as the standard and the masses of
all other atoms and molecules were compared with
it. Now, by intemational agreement, one-twelfth of
an atom of carbon I 2 is taken as the standard mass.

Scientists use relative atomic masses when mak-

ing calculations based on chemical equations. The
symbol lor relative atomic n'rass is Ar. Although the

terms molecu/ar u,eight and atomic tueight are still in
use, the correct terms are now relatiue mo/ecular

mass and relatiue dtomic m(:ss.

See also CHL,MICAL FORMULAS AND I.QUAl'lONS; ISO-
'l'OPt: RtLAI-IVI MOLEC]ULAR MASS.

RELATIVE DENSITY The density of a sub-

stance is the amount of mass (matter) it contains

for each unit of its volume (amount of space it
occupies) (see DENSITv). Density is measured in
pounds per cubic inch or foot, in grams per cubic

centimeter, or in kilograms per cubic meter. The

relative densit,v, sometimes called the specific grav-

ity, of a substance is its density divided by the den-

sity of a standard substance. Usually, water at 39'F

[4"C] is used as the standard substance . If the rela-

tive density of a substance is less than 1, then the

substance is less dense that-r water. Therefore, a sub-

stance with a relative density less than 1 floats on

water. A few metals, such as sodilrm, do have a rel-

ative density of less than 1. Most metals, though,
have a relative density much greater than 1. Gold,
for example, has a relative density of about 19.

REIATIVE MOLECULAR MASS rhe rel-

ative molecular mass is the mass olone molecule of
substance divided by one-twelfth the mass of one

atom of carbon 12. The symbol for relative molec-

ular mass is M.. Formula mass is used instead of
molecular mass for substances that do not exist as

molecules, for example, ionic compounds.

See ako CIHEMI(IAL FORMULAS AND EQUATIONS;lSc)-

TOPE; RELATIVE ATOMIC MASS.

REIATIVITY (rel'a tiv'i tc) Relativity is a the-

ory that describes what happens when objects move

at very high speeds (near the speed of light), and

how the force of gravity is produced. The theory of
relativity was first presented by the German-
American scientist Albert E,insteir-r (see FINSTFIN,

ALLTERI'). The theory is in two parts. The first part

is called the special theory of relativity. It was pub-
lished in 1905, when Einstein was only 26 years

old.

The problem that concerned Einstein was

whether or not the speed of light depends on the

speed at which an observer is traveling. In the early

1900s, people believed that light traveled through
a stationary (unmoving) medium called the ether.

This imaginary ether was believed to fill all space.

It was also thought that the speed of light relative

to a moving observer cor-rld be calculated in the

same way as the relative speeds of any rwo moving

objects. For example, imagine two cars moving
down the highway. One is traveling at 70 m.p.h.

[112 kph] and the other at 50 m.p.h. [80 kphl. To

passengers in the faster car, the slower car would
seem to be traveling at70 - 50 m.p.h. lll2 - 80 kphl,

t617
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Passenger's view

or 20 m.p.h. [32 kph] as they drive past it. \We say

that the speed of the faster car relative to the slower

car is 20 m.p.h. [32 kphl. Howeveq relative to the

earth, the faster car is traveling at 70 m.p.h. [112
kph]. In talking about relative speeds, it is necessary

to say what the speed is relative to. Relative to the

sun, for example, the cars are moving at almost 24

million m.p.h. [39 million kph].
Two American scientists, Albert Michelson and

Edward Morley, carried out an experiment in 1887

to try to measure the speed of the earth through the

ether (see MICHTLSON, ALBERT ABRAHAM). To do

this, they tried to compare the speed of light as

measured in the direction of the earth's rotation
with its speed at right angles to this direction. They
found no difference. This result seemed completely
unexplainable. It did not fit into the simple idea

that scientists then had about relative speeds. The
explanation was provided by Einstein. He realized

that the idea of an ether is unnecessary. He also said

that the speed of light always is the same, no mat-

ter how fast the observer is moving. Lightt speed is

always 186,282 mi. 1299,792 kml per second.

\fhen talking about the speed of light, it is not nec-

essary to say to what it is relative to. The speed of
light is absolute.

This statement may not seem very important,
but it had very important effects. In his special the-

ory of relativity, Einstein showed that as bodies

move faster, they increase in mass and also become

shorter (see vass). This follows mathematically
from the statement that the speed of light is

absolute.

These effects are only noticeable as the speed of
light is approached. Cars on the freeway do

RELATIVITY
The railroad car (top left) has
devices on the doors at each
end that open them when the
center light is turned on. People
riding in the car see the doors
open at exactly the same time.
But somebody outside the car
sees the back door open before
the front door. This is because
the back door travels forward
toward the approaching light,
whereas the front door moves
away from the light.

become heavier and shorter as they go faster, but
the effect is very small. On the other hand, an

electron traveling at 99 percent of the speed of
light becomes seven times heavier than its mass

when it is at rest (see rlrcrRoN). Einstein's theory
shows that no body can actually travel at the speed

of light. If it did, it would be infinitely heary and

have zero length. The increase in mass and

decrease in length of a body as its speed increases

led Einstein to the conclusion that mass (m) and
energy (fl are different aspects of the same thing.
They are related by the famous equation E= mc2,

where 12 is the speed of light multiplied by itself.

Nuclear energy and nuclear weapons both depend

on this equation.
The second part of Einstein's theory is called the

general theory of relativity. He published this in
1915. The special theory applies only to bodies

moving at a constant speed. The general theory
applies to bodies that are accelerating (see AccEL-

ERATIoN). It deals principally with the way the

force of gravityworks (see GMVITv). In his general

theory, Einstein suggested that the force of gravity
is a property of space and time. He showed that
space becomes "curved" by the presence of mass.

The motion of the stars and the planets is con-

trolled by this curvature of space. Light rays, too,

are bent by the curvature of space around a body

that has mass. The theory has been proved to be

correct by measuring the bending of light rays as

they pass close to the sun.

Einsteint theory of relativity is one of the great-

est achievements of the human mind. Einstein, like
Isaac Newton, was one of the most creative scien-

tists of all time.

0utsider's view
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REIAY A relay is a type of electrically controlled
switch that is used to open or close an electric circuit
(see CIRCUIT, ELECTRIC). A standard type of relay

contains an electromagnet-a piece of metal that
can be magnetized and demagnetized by electric-

itv-along with sets of contacts that switch the cur-
rent on and off. The magnet and the contacts are

connected by an armature that works like a gate

latch between them. It can shut or open contacts

when the current flows through the coil. This is

how the relay switches on and off. These types of
relays require several watts of power to operate

properly.

A second type of relay, known as a reed relay, was

developed for use with modern switching systems

that have been equipped with transistors. This type

of relay operates at powers of a few tenths of a watt.
A reed relay consists of two flat magnetic strips that
are enclosed in a sealed capsule filled with an inert
gas and placed inside a coil. \When the coil is ener-

gized, an electromagnetic field is created. This
causes the nvo strips to make contact and close the

circuit so that power can flow. \7hen the coil is
deenergized, the field vanishes, and the strips
spring apart, breaking the connection.

Many different types of relays are available for
different applications. Reed relays are commonly
used in modern telephone switching systems.

Other types of relays are used in circuit breakers,

computers, ignition systems, and various types of
electrical and electronic equipment.

REM A rem is a unit of radiation whose biologi-
cal effect is the same as one rad of X rays. A rad is a

measurement of the amount of radiation absorbed

by a substance. The rem takes into account the

effect of different types of radiations on living tis-

sue. Rem stands for "radiation equivalent in man
(or mammal)." In many places, the rem has been

replaced by the unit called the sievert. One sievert

is equal to one hundred rems.

See a/so RADIATION; x RAY.

REMORA (rEm'ar a) A remora is a saltwater fish

that belongs to the family Echeneidae. It has a

sucker on the top of its head, which it uses to attach

itself to sharks and other large fish. The remora

does not hurt the larger fish-that is, its host. The
remora just moves with the fish to which it is

attached in order to eat scraps and small fish that its
host misses. E,ight species of remoras are found in
North American waters, ranging from about 6 in.

[15 cm] to 3 ft. 11 ml in length.

REMOTE CONTROL Remote control refers

to the manipulation of a machine by an operator

who is not in direct contact with it. 'fhe opcrator
instead sends signals, such as radio waves or
infrared rays, to a machine through a device called

a control unit. The machine has a device called a

receiver. The receiver interprets the signals and

gives the information to one or more elcctric
motors that control various functions of the
machine (see INFRA.RED RAY; RAI)IO).

For example, model airplanes are sometimes

operated by radio remote control. An operator uses

a radio set to send radio signals to the airplane. The
signals are then interpreted by the receiver. Thc air-

plane may then fly faster, slower, or even land,
depending on the type of signal sent.'I'he opcrator
is in contact with the airplane by means of the

radio. He or she does not actually touch the air-

plane to control it. On the other hand, if a persorl

were guiding the airplane with a length of string, he

or she would be in direct contact with the airplane.

Model cars and trucks can be operated in the same

way. The telephone also is operated by remote
control. \7hen a number is dialed, it causes another

telephone to ring. The second telephone may be a

long distance away. Many televisions and videocas-

sette recorders have remote controls that operate

using an infrared ray. A complex remote control
system is used in some modern houses. In this sys-

tem, all of the homet electronic appliances, such as

the television, radio, thermostat, videocassette

recorder, and washing machine, are operated
through remote control. Control u.nits are located

in various rooms throughout the house.

See also AUTOMATI()N.

REMOTE SENSINC Re mote sensing is a way

of gathering information about an obiect without
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actually tor.rching it. To gathcr infort'narion, air-

planes and satellites carrv sensors designed to
cletect diff-erent fornrs of e nergy, such as tempera-

ture, radio wavcs, sound waves, or different wavc-

lengths of light including visible light (see

sF-Ns()R) . Inlrorrnation frorn the sensors is fed into
a computer where it is processcd to prclduce maps

or pictures.

Remote sensing is a convenient and efficient
way to study the surface of the earth ar-rd the
oceans. The first modern remote-sensing satellite

for civilian use was Landsat 1, launched in 1972.

There arc now five main remote-sensing satellitcs

actively collecting data. Some include radar
instruments that can collect images through cloud

cover and at r-right. Rcmote-sensing images can be

used to make very precise mcrlsurcmcnts of the

shape of the earth's surface and to make detailed
maps of roads and 6i1iss-5eme satellitcs can even
"read" a cAr's license plate. Remote sensing can

also be used to identily crops growing in fields,

gathcr weather information, monitor thc health

and size of forests, help in the search for fr-rel and

mineral deposits, str-rdy ocean currents, and mea-

sure the extcnt of the greenhouse effect which
may be causing the earth's atmosphere to warm up
(see Cl RF.F.N HO LJSt-- hl- F l-.(l'l-).

REPRODUCTION Reproduction is the
process by which an organism produces more

organisms like itselL lt is one of the charactcristics

of living things that markes them different from
nonliving things (see t.trn). In order for a species to

survive, it must reproduce.

There are two types of reproduction: asexual and

sexual. In asexual reproduction, a new organism

develops from structures produccd by one parent
(see AS F.XUAl. RF,PROI) L.lC'l'l ON ). Offspring produced

by asexual reproduction are genetically identical to

the parent. All types of asexual reproduction are

based on the mitotic division of cells (see ut'rosts).

The most common type of asexual reproduction

is binary fission. ln binary fission, one organism

splits into two new organisms. Some organisms

produce asexual buds or spores, which develop into
new organisms. Some break into sevcral pieces,

Body cells

r'd
I

II

d
Ferti I ize d

egg (zygote)

Body cell

RLPRODUCTION-Sexual
ln sexual reproduction, sex cells,0r gametes, are formed
from body cells. The female gamete is an egg and the male
gamete is a sperm. The two types of gametes combine at
fertilization to produce a zygote, which develops into an
embryo consisting of normal body cells.

each of which develo;ts into a ncw olganism. ln
animals, this is called fragmentation. In plants, it is
part of vegetative propagation. Both fragmentatiorl

and veget:rtivc propagation de pend on regene t'ation

for success (see RI'.(lF.NF.RA I'l()N).

In sexual reprocluction, a new organism develops

from two g:rmetes (scx cells) that have joined
together (see (;AMF.'r'1.). Usually, these gametes

come from two different parents. In order for sex-

u.al reproduction to occur, a male gamete must fer-

tilize a fen-rale gamete (see rnRttt.tz-AflON).

L,ach gamete contains half the number of chromo-

somes found in thc parents'cells (see (lHRoMoSoMF.;

\.'ll:losls). When two gametes combine, the result-

ing zygote has the full number of chromosomes. A
zygote develops into an ernbryo (see DIFFI'-RENTIA-
'rlON, C|LLUt-AR; EMBRYO; Z-Y(IO'l'F.). 'fhe embryo

develops into a baby, which eventually develops

into an adult. The development of an organisnr is

directed by information carried by DNA in the

genes. The genes are located on the chromosomes
(see nNa; cENt).

Most organisms have special reproductive
structures that produce the gametes. 

-fhe 
male

gametes are usually called sperm. The female

gametes are usually called ova (plural of ouum), or

eggs. Some organisms produce both male and

female gametes. They are called hermaphrodites

ry

Egg

\

I
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(see Ht-.nlt,ll'HItC'lllt't l-). In sornc organisms, an egg

clevelops into an adult without being fertilized
(see PAI{l HI--N()(;l-.NllSIS). Sonte organisms herve

tlvo aciult forms that altcrnate with each othcr in

the lifc cycle. One reproduces sexually, and the
other reproduces asexually (see AI.l'L-RNA'l'loN oF
(,1 \l-R,\l I()\\'l ltL ( \( I t).

Sexual reproduction in animals All verte-

brmtcs (animals with backboncs) and mosr invcrrc-

brates reproduce sexuerlly. Arnong many
invertebrates, fish, and amphibians, fertilization
takes place outside rhe fcmerle's bodyr This is called

external fertilization. In most cases, the female

releases eges and the male releases sperm nearby or
on top of the eggs. In cxternal fertilization, many of
the gametes fail to pair up. For rhese reasons, animals

that fertilize externally produce many more eggs

than do animals that fertilize intcrnally. The great

numbers of eggs help ensure that at least some r,vill

be fertilized. As a rule, animals that fertilize exter-

nallv providc little or no care for their offspring.
In most of the higher anirn:rls, fertilization takes

place inside the body of the female. This is called

internal fertilization. All reptiles, birds, and m:rm-

mals reproduce b1, internal lertilization. In most

cases, the male has an exrernal structure. such as a

penis, that can be placed inside the fernale's body.

Sperm travels through the penis and is released

inside the female's bodv in an opening rhat lcmds to

the reproductive organs.

Most male birds, though thev are internal fertil-
izers, do not have a penis. Instead, both rr'rales and

fenrales have a sack called a cloaca. The cloaca
receives wastes as wcll as gametes. When birds
mate, they place their cloacas close together. Spernr

travels frorn the cloaca of the male into the cloaca

of the fernale. Once inside the female's cloaca. the

spern locate and fertilize the cggs. Usually, rvhen a

bircl lays eggs, they have been fertilized.
\Whe n eggs have been fe rtilize d insicle the

female's bodv, thev can develop in one ol three
ways. In viviparous animals, thc eggs develo;,
directly into embrvos that grow into babies inside

the mother's body. The babies receive nourishmcnt
from the n'rother's body and are born alive. All
mammals except monotrcmcs ;rre viviparous (sec

MoNoTREMn). Ir-r oviparous rlninrals, the fertilized
eggs receive a protective covering or shell and are

released to develop outside of the female's bodv.

Monotremes, birds, and most reptiles are

oviparous. Ir-r ovoviviparous animarls, the eggs

develop and hatch inside the mother's bodv, and

the voung are born :rlive almost immediately.
While developing, the embryo rcceives nourish-
ment frorn the volk of the egg, and not directly
from the mother. Somc amphibians, fish, ancl

reptiles are ovoviviparous.

REPRODUCTION-
Vertebrates

All vertebrates (animals
with backbones), such as
zebras and gazelles, and
most invertebrates
reproduce sexually.
Fertilization may be internal
or external, depending on
the animal. ln mammals,
fertilization is internal.
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REPRODUC'TION-
Fertilization

This photograph, taken
using a microscope, shows
a human egg (large circle)
at the moment of
fertilization, surrounded by
thousands of sperm.
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Human reproduction With sorne exceptions,

fertilization in hurnans occurs after sexual inter-
coLlrse. Dr-rring sexual intercourse, a fluid called

semcn, containing rnillions of sperm, is released by

the man into tl're virgina of the woman. -l-his 
release

of senren is called eiaculation.

L,ach sperm has a hcad and a flagellum, or whip-
like tail. Thc sprerm swim fron the vagina, through

the cervix, into the uterus. Thel'continue through

the uterus into the frrllopian tubes. If an cgg has

been rcleased from an ovary into a fallopian tube, it
is likely that fertilization will occLrr. Normally, the

rvoman's ovarics rclcasc one egg each month (scc

\lt--NS I'llLjAt. (.Y(.t.F.). An egg lives for only about

nvelvc l-rours after being released fronr the ovary.

Sperm usually livc lcrr less than twenty-four hou.rs.

Tl'rercfore, there is a verv limitcd time each month
.lurirrg which lerrilizeriorr Lrln ocLur.

When many spcrm rneet an egg, only onc

breaks throush the egg's outer covering. 'I'his

spcnn is the one that fertiliz-es thc egg. At this
time, all thc gcnetic characteristics are establishcd,

and clevelopment begins (sce H I-.Rt--l)l'l Y).

In-rrlediately after a spcrm penetrates the egg, a

chernical reaction takcs place that prevents other
sperm fronr penetrating. Since fertilization erlmost

alr,vays occurs in one of the fallopian tubes, the

fe rtilized egs travels clown the tube into thc

j:: *r

:;i::i :ii

uterus. Once in the uterus, it irnpl:rnts itself in the

spongy, blood-rich uterine wall (see INIPt.AN'I'A-

't'toN). Implantation usually occLlrs about three

days after fcrtilization. This is tl-rc bcginning of
pregnancy (see lnl.i;NaNc;V).

During pregnancy, thc embryo clcvelops a pla-

centa and urnbilical cord through rvhich it rcceives

food and oxygen and gets rid ofcarbon dioxide and

other wastes. In adclition, the placenta produces

chen-ricals called hormones that ensure a healthy

pregnancy (see HI)RM()NF.; I)[.A(IENTA; UML3lLIClAl.

c.ORI)). By the end of the second month, the

embryo has developed many recognizable human

features. It is called a fetus. Growth and develop-

ment continr-re throughout the pregnancy. During

this time, many changes also occur in the rrclther!

body. For example, special glands in the breasts get

ready to produce milk. If the rnother breast-feeds

her child, these glands can continue producing
milk for about two vears. Otherwise, the glands

become inactive within a few weeks alter birth.
Many of the changes that occur during prcgnancy

arre controlled by hormones.

Normal pregnancy lasts about nine months. 'l'he

birth of the baby ends pregnancy (see TiHILDBIRI'H).

Childbirth is begun by a complex series of hor-

monal changes. These changes cause the muscles in

the uterus to start contracting. These musclc
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contractions are called labor. As the baby's head

begins pushing against the cervix, the conrractions

become stronger and more frequent. The mother
also pushes with her abdominal muscles. Soon, the

baby is pushed out of the uterus, through the
vagina, and out of the mother's body. The urerus

continues contracting until the afterbirth (placenta

and other substances) is expelled through the
vagina. After the baby has been born, its umbilical
cord is cut and tied. In a few days, it dries up and

drops off, leaving a scar called a navel.

Sometimes, a single fertilized egg will split in
two, each half developing into an embryo. This
results in identical twins. If the fertilized egg

splits into three or more parts, each of which
develops into an embryo, all the oflspring will be

ide ntical. If two eggs are fertilized by two spe rm,
the result is fraternal twins. Sometimes, three or
more eggs are each fertilized by diffcrent sperm.

Fraternal offspring may look alike, but they are

genetically different and may not all be of the

same sex. Identical offspring, on the other hand,

are genetically the same, and are always of the

same sex.

In human beings, fertilization of an egg normally
takes place in the body of the female. ln 7978,
however, a team of doctors in England reported the
first successful instance of external fertilization (see

TEST TUBE BABY). In this case, an egg was removed

from the body of a woman and placed in a special

nutrient substance. Sperm from the woman's hus-

band were then placed near the egg. After the egg

was fertilized, it was reinserted in the woman's body
where it developed into a baby girl. In 7984, an

embryo produced by external fertilization was

frozen for two months and then successfully
implanted in an Australian woman. Such proce-

dures, and ones similar to them, are successful in
many cases, but remain the subject of controversy.

Sexual reproduction in plants Most plants
have reproductive structures located in flowers (see

FLo\(/ER). The male part of a flower is called a sta-

men. A part of the stamen called the anther pro-
duces pollen (see PoLLtN). The pollen produces
male gametes. The female part of a flower is called

a pistil. A part of the pistil called the ovary produces

one or more ovules. Ovules produce female

gametes. Pollen is carried from a stamen to a pistil
in different ways. This transfer of pollen is called

pollination (see I'OLLINAI ION). After a male gamete

from a pollen grain has fe rtilized a fem:rle ganrcte in

an ovule, the flower usually changes. 'I'he petals die.
'l'he fertilized egg becomes an embrvo. The ovLrle

becomes a seed (see SEED). The ovary becomes a

fruit (see FRUI l-). The seeds are dispersed when they

become mature (see DISI,ERSION OF I,LAN'I'S). Each

seed may germinate (sprout) and grow into a new

plant (see CERMINATION).

Many plants do not have flowers. Some have

cones which, like flowers, are reproductive structures

that produce and scatter seeds. Many lower plants,

such as ferns, mosses, liverworts, and hornworts (in

addition to some species of algae and fungi, which
are not in the plant kingdom), produce antheridia
(plural of antheridium) and archegonia (plural of
archegonium). An antheridium is the male reproduc-

tive structure (see ANTH[.RlDlL]Nl). Ir produces
mobile sperm. The archegonium is the female

reproductive structure (see ARCHE(IONIUM). Because

the reproduction of organisms in the kingdoms
Fungi, Monera, and Protista is so varied, it is dis-

cussed in detail in other articles.

See a/so ALI'L,RNAflC)N OF (;F.NF.RATIONS; BAC--fLRIA;

CONTRAC EPTI ON ; F U tl- (l U S ; PRO-I'OZOA ; R L.l'} R() t) U C-
.|IVE 

SYSTE,M; SEX.

REPRODUCTIVE SYSTEM The reproduc-

tive system is a group of body organs that do the

work of reproduction (the process by which an

organism produces more organisms like itself).
Most organisms (living things) are able to repro-

duce sexually. Most species have male organisms

and female organisms. Male organisms produce

male gametes, or sperm. Female organisms produce

female gametes, or eggs (also called oua, which is
the plural of ouum). Some organisms produce both
male and female gametes (see tttRVaPHRODl'l'1.).

Human beings, however, are either male or female,

with specialized structures for reproduction. This
article discusses the human male and female repro-

ductive systems.
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Male reproductive system Human males

have sex organs that are mostly outside of the bod,v.

(Genita/s is another term for sex organs, particularly

those that are external). The penis is located in the

front of the body between the legs. Behind the

penis is the scrotum, a sac that is made of skin.

Inside the scrotum are rwo small, egg-shaped struc-

tures called testicles, or testes (see TESTICIt-u).

During the reproductive life of a man, the testicles

produce millions of sperm every day.

Sperm are stored in the testicles and in the epi-

didymis, a tube that rests on top of each testicle.

Each epididymis leads to a vas deferens. Each vas

deferens is a tube that carries sperm from the epi-

didymis to the urethra. The urethra is a tube that

goes from the bladder, through the penis, to the out-

side of the body. Before sperm enter the urethra, they

are mixed with a whitish fluid from the prostate

gland and from structures called the seminal vesicles

(see I'ROSTATI). This fluid is designed to help the

sperm live and travel once they are deposited inside

the female's vagina. The fluid, when combined with
sperm, is called semen. Semen leaves the male's body

through the urethra, as does urine from the bladder,

but always at diflerent times.

Female reproductive system The organs of a

human female that are directlv involved in

Male

Vas
deferens

reproduction are located inside her body. Eggs are

produced in the ovaries (see ovARY). The ov,rrics are

a pair of small, walnut-shaped organs near the front

of the abdomen. Each month, one ovary releases an

egg. This is called ovulation. The egg enters one of
the fallopian tubes. The fallopian tubes are a pair of
tubes that lead from the ovaries to the uterus. The

tubes are linecl with hairlike structures called cilia,

which wave back and forth and create a flow that car-

ries the egg toward the uterus. The uterus is a hollow

organ that is shaped like an upside-down pear (see

uTERUS). It is in the uterus that a fertilized egg will
develop into a baby. The uterus opens at the bottom

in a necklike structure called the cervix. Thc cervix

leads to the vagina. The vagina is a narrow canal that

opens to the outside. The external part of the vagina

is called the vulva. The vulva protects thc vagina and

is made up of folds of skin called labia.

Each month, the uterus prepares for the arrival of a

fertilized egg. Ifan egg is fertilized, it is usually fertil-

ized in a fallopian tube. lt then trarvels into the uterus,

where it implants in the thickened, blood-rich uterine

lining (see tvtt.RN'tNl.toN). If the egg is not fertilized,

the thickened lining of the uterus is no longer needed.

It breaks away and flows through the vagina in .r

process called menstruation (see MENSTRUAI. CYCLE).

The menstrualcycle is controlled by hormones.

See also HORMONET RL,I'RODUCTION; SL,X.

Female
Fallopian tubes

Ova ry

Ute rus

- 
Vagina

Seminal
vesic le

Prostate gland

Epid idymis
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REPRODUCTI\'E SYSTEM

The diagrams show male and female human reproductive
systems.
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Scrotum
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A reptile is an :rnimal thar belongs to the class

Reptilia. The class inch,rdcs the alligators, caimans,

crocodiles, lizards, snakes, wornr Iizards, and turtles
(see AI.t.l(;AIOR; (-RO(lOI)ll.l:; t-17-ARI); SNAKF.; 'l UR-

l't.n). The class also inclucles rhe tuirrara, which lives

on islar-rds off the coast of New Zealand. TLataras

look like lizards but are nore closely related ro rhe

rcptiles known as dinosaurs, which arc now cxrincr
(see otxos,lun).

All reptiles have several things in common. l'hcv
have dry, scaly skin; a backbone; :r bony skeleton;
lungs; and usually two pairs of lirnbs. AlrhoLrgh
snakes do not have anv fully dcveloped linibs, their
skeletons have tl-rc rerrnanrs of four limbs that
never develop. Nearlv all repriles lav eggs, though
some give birth to live voung.

All reptiles are ecrorhermic, or cold-blooded
(see coLlr-ur.ooDht) ANIMAT.). Their body rem-
perature v:rries with that of the surrouncling envi-
ronment and is rarell'much diffcrent from it. -l'he

animals are able ro control rhe ir body relnperarure
onlv by rnoving into the sun or shade. Reptiles
that live in northe rn lands where winter rempera-
tures drop to freezing musr hibernare ro stay alive
(see HtelnN;{nt)N). AlthoLrgh reptiles are fbund in

Modern
tu rtl es

Sideneck
turtles

REpTILE

ncarly all areas on L,arth, thcv are most plentifr-rl
in thc tropical regior-rs, which do nor have colcl

winters.
-l'he 

re are about six rhousirr-rd spccies of reptiles.

Most species live on l:rnd, br-rt some livc ir-r fresh or
salt water. Reptiles range in length fronr 2 in. [5
cm] to 31 ft. [10 m]. The srnallest reptiles arc

liz-ards lound in tropical regions. The longest reptile
is the regal python, a snake. Some crococlilcs I'rave

becn measurcd at 30 ft. [9 rn] in lengrh and, with
weights well over 1,000Ib. Va5kg), they are among
the heaviest of all living reptiles. Some leatl-rerback

turtles also weigh ovcr 1,000 lb. 1445 kg).

Reptilcs first appeared about 300 million vcrrrs

ago. They evolved from the arnphibians (sec

AMI,HItltAN). Anphibians breathe largelv thror-rgh

their skin, which musr sray wer, so they have to Iive

near water. Reptiles rely entirely on their lr-rngs for
breathing and rhcl' have tor-rgher, warerproof sl<ins.

Also, reptiles eggs-unlike those of arnphibi:rns-
are surrounded by a h:rrd protcctive shell, so rhcv

EVOLUTION
Reptiles f irst evolved f rom amphibians about SOO miltlon
years ag0. Allthe main gr0ups of reptiles we know today
were already in existence 135 million years ago.

Crocodiles, alligators,
and caimans

Tuata ra Lizards Snakes Worm
izards

Plesiosa u rs

Flying
reptiles

Arc hosa u rs
I c hthyosa u

Lepidosaurs

?:iliqd
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REPTILE

EGG IAYERS

Nearly all reptiles lay eggs,
although a few species of
snakes give birth to live
young. The illustration
below shows a crocodile
embryo inside its egg.

do not have to stay in water before hatching.
Reptiles thus became lree to leave the water forever.

They became the first true land-living vertebrates.

During the time known as the Mesozoic era,

reptiles were the most abundant animals on Earth

(see MtsSOZOIC EIl,{). There were reptiles walking on

the land, flying in the air, and swimming in the

seas. The best known of these ancient reptiles were

the land-dwelling dinosaurs. Most of the ancient

reptiles became extinct with the dinosaurs.
Mammals and birds evolved from some of these

early reptiles.

See A/so EVOLUTION; EXTiNCTION; HERPE OI-OCY.

REPTILE VARIETY

Reptiles have a wide range
of forms. Shown here are
(1) a granite night lizard
from California, (2) a Texas
blind snake, and (3)a big-
headed turtle.
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RESERVOIR (rEr'at wvrir') A rcscrvoir is a place

where large anrour-rts of warer are srclrcd for a long
time. Reservoirs have several uses. For cxample, rhe

water may be usccl fbr irrigation, for drinking, to
provide hydrclelectric powcr, or fcrr recrearional
purposes, such as boatins or fishing (see Hyt)RO-

EI F.(lTItl(. l)OV'F.l{; IRI{l(;AI'lON).

Rescrvoirs can Lrc either narural or artificial. A
lake is an example of a natural reservoir. An :rquifer
is a natural rcservoir that is underground. An arti-
ficial rescrvoir is generally m:rde by buildine a dam
on er river (see ,lqUlrl-R; t)At\{). The damming of :r

river to make a rescrvoir can harm various organ-
isms (see F.COl.O(;Y). For exantple, the organisms
that lived in the river, which was a flowing bodv of
water, may not be ablc to survive in a body of water
that stands still. Also, the organisms that lived in
the once-dry area now covereci by water may not be

able tcl survive. Because of such changes, scicnrists

study carefully what elfccts the possible creation of
reservoirs will have on an areel.

R-ESERVOIR

Reservoirs are constructed for various p*porrr. Wutet
collected in them can be used for drinking, irrigation,
hydroelectric power, and recreation.

RESIN (rEz'in) Natural rcsirrs form a group ofveg-
etable substances used in making such products as

soaps, nredicines, p:rints, and varnishes. Natural
resins are obtained in three basic ways. Sorne flow
from plants as a result of wouncls, such as in pinc
trecs. Some are removed fr-om wood by solvents
(substances that clissolve other substances). Others,
namely fbssil resins (such as amber), are found with
the preservcd remains of plants and animals (see t os-
slL). In :rn unusual way, one insect produccs a resin

that is called lac (see SHi:l.t.Ac.).

Resins do not dissolve in rvarer, though soft resins

can dissolvc ir-r ether or benzene. Hard resins, after

heating, may be dissolvecl in vegetable oils. Gum
resins mre usually soft and stickl'. Gum resins such as

aloe, myrrh, and the gum olthe balsam rree are ofren

used in n'redicines. Rosin is a resin that is uscd in
soap, paints, and varnishes. Other resins con-rbined

with certain oils are used in tar and turpcntine.
In manufacturing, narural resins have largely

beer-r replaced by synthetic (human-made) rcsins.

Synthetic resins form a large group of chemical
compounds. This group includes many of the
common plastics (see I,t-AS't'tC). Svnthetic resius are

products preparecl by chemical reactions. Thev
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may be made as filrns or fibers or rnolded into pr.rc-

tically any sh:rpe. These compouncls are used in
paints and adhesives and as coarings on metal,

cloth, and paper.

Svnthetic resins are rnarde up of many simple
molecules linkecl together to form large, complex
molecules called polyn-rcrs (see l)ot.yt\{nn). The
nature of a synthctic resin is clerermined by the
chemicals it contains and by rhe patrern olthe new
molecules. Petroleum, limestone, salt, water, and
air are ofien r,rscd to make synthetic rcsins.
Complicated chernical processes change these
materials into a virriety of chernicals, such as alco-

hol, ethylene, and ammonia. These substances are

then combined in various wrlys ro form the com-
plex molecules of the synthetic rcsins.
Manufacturers may then change sone of the prop-
erties of these resins by adding fillers, colors, or
othcr materials.

RESIN

Natural resins are used in runy proO*ts, such as soap,
paint, and varnish. Here resin is being collected from a cut
made in the wood of a pine tree.

RESISTANCE, ELECTRICAL The electrical

resistance of part of an electric circuit is a measure-

ment of how difficult it is ro prlss ir crrrrcnt thror-rgh

that parr (see (llR(.LJIT, El.l-(l I'RI(.; (-LJILR.hNt, t.t.t.c-

l'Rl(l). Substances such as metals have a low
resistance. They are good condr-rctors of electriciry
(see (lONl)LJ(lTI()N OF h,l-t.cl-Rlct'rY). Carbon is a
nonmetal that conclucts elecrriciry. It has a higher
resistance than metals. Many other nonmetals have

extremely higl-r resistance. If the resistancc is so high
that current will not pass, the substance is a noncon-
ductor, or insulator. Materials such ms glass, plastics,

and rubbcr are used as insulators because of their
resistance to electric current.

Resistirnce is measured in units called ohms (see

oHM). It can be calculated from rhc voltage, or
potential difference, applied to rhe conclucror,
divided by the current that it causes to flow (sec

I'}OTF,NTIAL; vol.r). If a potential difTerencc of six

volts produces a current of three amperes in a piece

of wire, the wire has a resistance of two ohms (see

AN{PF,RI;; OHM'S 1.r11r). The sl.rnbol fbr ohrn is f).
The longer a piece olwire , the greater its resis-

tance. The thicker the wire, rhe less its rcsisrance.

By drawing a solid lump of copper our into a fine
wire, its resistance c:rn be increased many thou-
sands of times, even though it is still the sarme

quantity olcopper. In a wire or bar that h;rs a Llni-

form cross section, the resistance (R) is given bv
the formula R = p//A, where p is the resistivity of
the conductor, /is the length, and A is the area of
the cross section. Resistivity depends on the mare-
rial that the conductor is marde of, not on rhe

shape of the conductor.
The resistivity of a subsrance changes with tem-

perature. In most merals, heating produces
increased resistivity. In many nonmerals and semi-
conductors, heating decreases the resistivity (see

SL,MICIONDUCTOR). When an electric currenr flows
through a resistance, some electric energy is always

converted into heat.

RESISTOR (ri zis'tar)A resistor is a componenr
in an electric circuit (see ('ttr.(-Ut't', F.t F(-'lRtC) . It is a

part of the circuit designed to have a known
amount of resistance to rhe passage of an electric



current (se c (lLlRRF.N'I , l:l.t-.( . I l{l(.1 Il.t:SIS I'ANCI.., F.t.l:C-

IIrl(.AL). Resistance is rneasurecl in units callecl
ohms (see oH\t). A resistor that has a resisrirnce of
only a fc'w ohnrs allows electricity to flow casily
throLrgh it. A resistor r,vith resisrance of thousands
or even nrillions of ohms neecls a verv high voltage
(protcntial clifferencc) to push an clectric currcr)r
throtrgh it (see I)O'l llN I'lAl.; \/()n ).

Resistors are specially rnadc for diff-erenr pur,
poscs. They are usecl to adjr.rst the voltage ancl cur-
re nt in the circuits of rirdio ar-rcl television rcccivers,
calculators, compurers, ancl manl' other kinds of
clectrical equipmenr. Rcsistors may be made of
coils of fine wire or of cvlinders of carbon n-rixed

with other substances. Fixed-resistnnce resisrors are

n'rade in a range of differcnr values. 
-l'here 

is a color
code to inclicate differenr v:rlues. -fhis is often
paintecl on a resisror ir-r bands or stripcs of color. It
shows the rcsista.r-rcc in ohms.

A potentiometer is a variab[e resistor, or c{evice for
varying the resistance in :rn electric circuit. It consists

of a corrtact that can bc moveci along a resistirnce wire
or a circular track of a carbon resisr:rnce cornpouncl.
Bv adjLrsting the point of contacr, the amounr of
resistance through which the current has to prlss can

be varied. Variable resisrors are used ir-r raclios, televi-
sion sets, and other clectronic equipmenr. A rheostat
is a sirnilar devicc. It is usualll' designecl to acljust

larger currents in circuits. t)inrming controls for the
lights in theaters or in rhe home may be forn-rs of a

rheostat.

RESONANCE (rEz'a nans) Man1, objects .rrc

naturally inclined to vibrate at a p:rrticular fre-
quency. Vibrations of that frequency corning from
a separate source can cause such objects to resonate.

Resonance is the incrcase in the sizc of a vibration
in a vibrating object. Frequency is the nr-rmber of
vibrations pe r minute (see t,nl.qul,xc.v).

Objects that can be made to vibrate all have one
or more natural frequencies of vibration. A bever-

age glass flicked with a fingernail will give our a

musical note of a particr-rlar frequency. Each string
of a gr-ritar gives out a note thert corresponds to its
own natural frequency. Besides the main frequencv,

other notes are also given out. These correspond to

RE

freqr-rencies thar are sirnple rnultiprles ol thc main
frequenct,'. They are called harn.rorrics, or overrones
(see tlAILr\lONl(lS).

Wher-r vibratior-rs are passed inro arr objcct at its
natural frcquencv, the1, a1s picked Llp very stnrnell..
The vibrations br-rilcl up ro ri maximum anrplitude
(see ANII,U'tLl)F.). When this l-rappens in ru objecr
suclr as a cirurn, the object is saicl ro reson:rre, ancl

the eflect is called resonancc.
(-errair"r opera singers have claimed to sharrer

glasses bv singing nores thar corresponcl to rl're res-

onant fi'equer-rcies of the slass.'l'he vibrations builcl
up to such an amplirude thar rhe glass shakes ro

pieces. The effect cirn bc proc'luced rvhcn :l voicc is
amplified through a louclspeaker at rhc app'rropriarc

frequcncv (sec t-OL.r I)Sl,l:AKI-.R).

Resonance can proclucc problems in bridges. If
they are made to vibrate at their narural fr-ecluer-rcv,

they n.rav movc so violently rhat tl-rcv break up.
Fortunatcly, the narural fr-cquencv of bridges is vcr.r,

lolv. It takes verl' unusual circunstances to rnake
thcrl reson:rte. However, strong r,vincls I'rave becr-r

knor,vn to vibrate suspe nsior-r bridges to the point of
destruction. To;rrcvenr rhe eflect olresonance, sol-
diers mirrchirrg o.",er bridgcs rrre clfren orclcrecl rcr

RESONANCE

The shape of a drum rutet it res0nate when struck, thus
amplifying the sounds it mal<es.
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breark step so that resular vibrations from their feet

cannot build up.

ln electricity, resonancc is also inrportant. An
electric circuit has a particular frequency to which
it responds. 'I'he frequcncy is decided by the elec-

tric resistance and capacity of the circuit (see c.ln-
(lLl I'l', L,LL.(l'l RI (.; RF-S I S'l)\N(.t., F.l.F.(ll't{l (lA t.). A n

electric circuit can be made to respond to a desired

frequency by varying the values of the components

in it. This is callcd tuning the circuit to that fre-

quency. Radio and television transmitters and

receivers have circuits tuned to sencl arrd receive

radio waves of various frequencies.

ln chemistry, resonance has a different mcarring,

though vibration is still involved. In certain chem-

ical compor-rnds, the electrons that hold the atoms

of different elements together in molecules can be

thought of ars constantly changing position. 'l-hey

oscillate, or vibratc, betwccn different parts of each

molecule, altering the bonds between the atoms
(see ATOM; (IOMPOUNI); FL-L,MF-N l.; MOI.t-tlL.rl.F.).

Because of this, no true single structllre can be

drawn to represent a molecule of such a substance.

There is only an "average" structure, which shows

one set of alternatives. Such compou.nds are called

resonance hybrids.

The molecule of benzene shows resonance (see

BENZENE). It has a ring of six carbon atoms. They
are linked by alternate single and double bonds.

However, the electrons are oscillating between

diflirent atoms. At one instant. the boncl benveen

a plrrticlllar pair ol atonrs is a singlc boncl. In the

ncxt instant, it is a double boncl. 
-l'hcn 

it goes back

to a sir-rgle bond, ancl scl on. The change occrlrs con-

stantly between all the pairs olcarbon atorns in the

benzene molecule.

RESOURCE EXPLOITATION I'eople rely

greatly on many types olresources found in n:lturc.

These inclucle materials fotrnd in the earth's crust,

sucl'r as n'rine rals, soil, oil, gas, and coal, or resourccs

for-rnd on the earth's surfnce, such lrs wrrter.

Sunlight and wind in the earth's atmosphere are

also resources. These resources c:rn be used in many

dilfcre nt ways to provicle pcoplc with e nerg]', [ood,

and raw materials to produce goocls.

Resource exploitation involves frnding tl're best

and most efflcient way to make use of natural
resources (see NAI-LIRAL RI,SOUR(][,). Scientists and

engineers involved in resource expIoitation must
corrsicler many things, includirrg the lact that many

resources are nonrenewable and that poor use of
others can cause pollution (see N()NRI-.NI--.\ilABLI:

RL.SOURiif-S; l,()l-l-Lll.lON). 
-fhey 

also have to con-

sider how to get the most out of :r resource in an

economical way.

RESOURCE EXPLOITATION
Hot water and steam from below the ground-forms of
geothermal energy are natural resources. Here they are
being exploited at a geothermal power station in lceland.
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Tracheal tubes

Respiration (rEs'pa ra'shan) is the process by

which an organism breaks down food molecules

in the presence of oxygen, changing food energy

into a form that can be used by the cells. The end

products of respiration are carbon dioxide and

water, both of which are considered wastes.

Most organisms, called aerobes, get and use oxy-

gen from the air (see RtRoee). Some organisms,

however, are unable to use oxygen from the air (see

ANAEROBE). Instead, anaerobes get their energy by

breaking down compounds in the anaerobic process

of fermentation (see FERMENTATIoN).

All organisms rely on food as their major source

of energy. Some organisms, particularly plants, pro-
duce their own food (see lHotcls\NTHESIS). Other
organisms mu.st get rheir food from other sources.

Once such an organism has the required food, the

food is broken down into smaller components.
This process is called digestion (see otctsttoN). In
digestion, enzymes help change protein into amino
acids, fats into fatty acids and glycerol, and carbo-

hydrates into simple sugars. In these forms, the

components of food, called nutrients, can be

absorbed and transported to the cells, where respi-

ration occurs.

le fiber

Air in tracheoles

INSECT
(l ) lnside an insect is a branching network of tracheal tubes
and air sacs. (2) The tubes divide many times to become
very f ine tracheoles, which pass oxygen to the muscles and
other parts ofthe body.

between the organism and its environment.
Oxygen enters the organism, and carbon dioxide
leaves it. In one-celled organisms, this exchange is

by simple diffusion through the surface (see oln-
FUSIoN). Diffusion is also used by many lower
invertebrates (animals without backbones) and

plants. Most plants, however, have openings called

stomata through which air moves in and out of the

organism. Some arthropods, such as insects, have

tiny holes (spiracles) along the body (see SIIMCLE).

Each spiracle opens into a branching tr.rbe that

Stages of respiration Respiration has two
major stages: external and

external respiration, there

internal, or cellular. In
is an exchange of gases

Moving paddle propels
water forward r

Water moving forward
CRUSTACEAN

An aquatic crustacean,
such as the lobster (left),
has featherlike gills for
breathing. Water is drawn
in atthe base ofthe legs,
passed over the gills, and
pumped out of the body.

passes
body

Water
out of

Water passes into
body at base of legs

Tracheal 1

RESPIRAIIoN
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leads to the cells. Most larger irnimals rely on diffu-
sion through thin, moist membranes in a particu-

lar part of the body (see MI't\ttlRANE). Since these

membranes are verv deIicate, they are usually inside

the animal's bocly and are protected in some way.

Fish have gills, br-rt land-living vertebrates and some

land-livirrg mollusks have lungs (see c,lt.t.s; L-uN(;).

In animals, external respiration is also called

breathing.

Oxygen passes through the gill or lung mem-

branes and into thc blood. Once it has entcrcd

the bloocl, it is transported to the cells where it
will be used. This transport is also involved in
taking carbon clioxide from the cells back to the

gills or lungs rvhere it can be removed from the

organism dtrring external respiration (see clncu-
LAI'ORY SYSTENI).

Cellular, or internal, respiration is the process

thirt actually releases the energy storecl in food and

stores it for future use it-r chcmical substances such

as adenosine triphosphate (ATP) (see,trr'). Cellular

respiration involves a series of complex chemical

reactions called glycolysis and the Krebs cycle . Each

of these reactions involves a special enzyme (see

F.N7-Ylv{t--). In most cells, these enzymes are in the

mitochondria (see ll't'octHoNDRIA). In some

microorganisms, however, the enzymes are

attached to the cell membrane, and respiration

occurs there (see chLL).

FISH

When a fish breathes (left),
water flows in through its
mouth and over the gills,
arranged in four arches on
each side of the head. The
gills remove oxygen from
the water, which then flows
out through a slit behind the
gill cover.

Water flows in

through mouth

Glycolysis is a series of reactions in which a glu-

cosc (sugar) molecule is changed into two pyruvic

acid molecules, releasitrg a small amount of energy.

In aerobes, the pyruvic acid molecules enter into
the next series of reactions, the Krebs cycle (see

KI{trBS CvCl.E). 
-I'he end products of the Krebs cycle

are much energy, carlrotr dioxide, and w,rter.

Thror-rghout the Krebs cycle and glycolysis, the

energy that is released is used to change low-energy

adenosine diphosphate (ADP) into high energy

AIP. The chemical reaction that surnmarizes t'espi-

ration is:

C1,H1,C)1, + 6 O, ------>
6 COr + 6 H,O + Energy (36 ATP)

C(,Hl 'O(, is glucose. O, is oxygen. CO2 is carbon

dioxide. H.O is water. If there is not enough

oxygen, there will not be enough AfP produced

to meet all of the organism's energy needs. The
organism may turn to the anaerobic process of
fermentation for a time. If the lack of oxygen

continu€s for more than a few minutes,
however, the result will be suffocation. Some

chemicals car-r block one or more of the reactions

of respiration. For example, cyanicle is a poison

that causes de:rth by blocking one part of
respiration.
S ee A Is o M T,'IABOt-]SM : RESI,I RA].ORY SYS].LM.

Water flows out
throuqh slit


