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PICCARD, AUGUSTE (t BB4*1962) (pe kir',
o gysC) Auguste Piccard was a Swiss scientist who

was born in Basel. He had a twin brother, Jean
Felix, who was also a scientist. In 1932, Auguste

Piccard used a balloon to fly up to thc stratosphere

(the second layer of the atmosphere). In order to go

this high, Piccard invented ar pressurized cabin-
that is, a cabin in which air pressure was kept at a

normal level in spitc of the altitude. He showed

that flying at high altitudes was possible. Piccard

rcachcd an altitr-rde of 52,657 ft. [16,050 m] (see

AI NlOSPI{F,RF,).

ln 1945, Piccard rnade a spherical steel cabin
called a bathyscaphe to help him go down to great

depths in the ocean. The bathyscaphe protected
him from the water pressLrre at these depths.
Piccard's latcr bathyscaphe, the Tiieste, reachcd a

dcpth of 35,800 ft. [1 1,000 m] whcn piloted by his

son Jacques in 1960.

See a/so BATHYSI)HI-.RF- ANI) tsAIHYS(IAPH[,.

PICKEREL (pik'ar al) A pickerel is a freshwater

fish that bclongs to the pike family, Esocidae, and

is closely related to the northcnr pike (see l'lKE).

The three species of pickerels are the bulldog or

barrccl pickerel, the mud or grass pickcrel, and the

cherin pickerel. All these fishes have long, slender

bodies; long, pointed snouts; and many sharp

teeth. They are greenish in color.

Pickerels live in shallow, wccdy lakes or slow-

moving rivers. They stay very still near a log or

rock, waiting for a small animal to swim by.

When one swims near, the pickerels dart out
very quickly and take the prey in their teeth.

Pickerels eat small fish, frogs, snakes, and insects.

Bulldog and mud pickerels rarely grow beyond

12 in. [30 cm] in length, so they are not often

sought by fishers. The chain pickerel, however,

grows to lengths over 24 in. [60 cm]. It is a popu-
lar game fish.

PIEZOELECTRIC EFFECT (p, c'zo r lEk

trik i fekt') If certain crystals are pressed or
stretched, an electric voltage develops across the

crystal. This is called the piezoelectric effect. If a

voltage is applied to a piczoelectric crystal, the crys-

tal expands or contracts. This is called the reverse

piezoelectric effect (see CRYS'IAL; CURRENT, ELEC-

TRIC; VoLr).
Piezoelectric crystals have many uses. The expan-

sion or contraction of a crystal can be used to pro-

duce sound waves. Therefore, piezoelectric crystals

can be used to convert electrical signals into sound

waves and vice versa. For example, they could be

used in telephonc mouthpieces to convert sound

into an electrical signal. In the earpiece of a tele-

phone, the electrical signal could be converted back

into sound by another piezoelectric crystal. Such

crystals are used in microphones and in the pickup

cartridge (which holds the needle) of record players.

Another important use for piezoelectric crystals

is in sonar equipment. Sonar equipment is used

on ships and submarines. Sonar makes sound

waves under the water. The waves are used to find
underwater objects. The waves are produced by

the vibrations of a piezoelectric crystal. If an

object is present, the waves are reflected off the

object. A piezoelectric crystal then picks up the

PICKERI,L

The pickerelis a pikelike
fish that lives and hunts
among the weeds of lakes
and slow-flowing rivers.
The larger species are
popular with game fishers.



PIG

rcflectecl r.vave ancl turns it intc'l an elcctrical sig-

n:rl. In this way', objects under the water can be

detected (see sttx,lR).
An alternating voltagc is a voltage that varies. 

-I'he

voltage clecreases in one clircction to zero. 'I'hen it
builcls up in the oppositc clirection. It again

clecreascs to zero ancl then increases in the original

direction. If an altemating voltage is applied to a

piezoelectric crvstal, the crystal vibrates. It expar-rds

when the voltage goes in one direction. Then the

crystal retrlrns to its norn'ral size as the voltage

decreases to zero. Tl're crystal contracts when the

voltage goes in the opposite clirectiorr. l'he atoms

in a crystarl have a tratural fiecluencv of vibration.

Frequencv means the number of vibrations that

occur pcr second (sce t'nlqunNt:v). If the frcqucncv

of the voltarge is the sanre as the natural freqr-rcncv

of the crystal, then the crystal resonates (see Rb.SO-

NANC]F.) . Tl'ris nreans that it vibrates vcrv stronglv.

This effect is used in radio broaclcasting. Qr.rartz
crystals are used for broadcirsting because they

resonatc at the requirecl freqr-rcncy. Quartz crystals

are also wiclely used in other piezoelectric
devices because they are very stable, even at high

temperatures.

See also QLJARI T-.

PIG Famrvard pigs, or l-rogs (also called swine), are

descended from the wilc{ boars that roamed

throughout Asia, Europe, and north Afiica

thousancls of years ago. Mar-ry scientists believe

that people began taming prigs about 8,500 vears

ago. It is believecl that sr.rch pigs were used as

villaee scavcngers, thert is, to clcan up rubbish.

Pigs were usefirl as scavengers bec:ruse thev are

orlnivorons-they eat almost anvthir-rg (see

()lv,lNt\/ORF.).

The Er-rropean wild boar is the animal from
which many o{t tod:rv's domestic hogs are

ic;,{'{ PIG

Today's farmyard pigs are
descended from the wild
boar (top). Early breeds of
domestic pig (above)
resembled their wild
ancestors in having most of
their weight in the front part
of their bodies. Pigs on
today's farms (left) have
been bred so that most of
their weight is in their
hindquarters, or hams.
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descended. In the early I800s, Spanish and French

explorers brought domestic hogs to North and

South America. Until the 1940s, United States

farmers classified hog breeds as one of two kinds-
lard type or meat type. I-ard-type hogs had more fat

in proportion to lean meat. Meat-packing plants

made the fat into lard. This lard was used for cook-

ing and other purposes. In the 1950s, shorrening

made from vegetable oils began to replace lard.

Since then, farmers have raised hogs mainly for
their meat.

Many different breeds of hogs have been devel-

oped in various parts of the world to meet local cli-
mate and pasture conditions (see BREEI,TING).

Farmers in the United States raise about twenty
breeds of hogs, including Landrace, tmworth,
and Yorkshire pigs.

A sow (adult female pig) gives birth to eight to
twenty piglets (baby pigs) at a time, two or three

times a year. Pigs reproduce rapidly and can be

mated when about eight months old. Sows carry

their 1,oung about 1 14 days before they farrow (give

birth). A piglet weighs only about 2.5lb.11.1 kgl

at birth but gains weight quickly, usually doubling
its weight the first week. \When it is only one year

old, a piglet can weigh 250 llr. [1 13 kg]. The aver-

age boar (adult male pig) weighs from 350 to 500

PIG

lb. [159 to 230 kg]. The average sow we ighs from

300 to 450 16. [140 to 204 kg]. Most pigs are mar-

keted when they are about six or eight months old,
weighing from 180 to 240 lb. [82 to 109 kgJ. Pigs

kept beyond this age are usually used for breeding

purposes.

The pig's snout has a flat, tough disk on the end

that includes the nostrils. Pigs have canine teeth

that develop into sharp tusks. These tusks serve as

tools for digging and as weapons for fighting. They

are much larger on males than on females.

Pork, ham, bacon, and spareribs all come from
the meat of pigs. A pigs meat can be smoked or
salted and then kept for a long time without spoil-

ing. Pig intestines are used as the casing for
sausages. Besides its use as food, the pig has other
uses. The pig's hide, when tanned, becomes the

leather known as pigskin. Pigskin is used to make

such items as gloves and luggage. The stiff bristles

from the pigt hide are made into brushes ofvarious
kinds. Pig's blood is used in animal feed, fertilizer,

and medicine.

PIC IRON nig iron is the name for all iron made

in blast furnaces (see BLAST FURNACE,; tnON). It is

not pure iron, but usually contains about 95 per-

cent iron, 3 or 4 percent carbon, and smaller

PIG IRON
This worker is raking
impurities, called slag, off
the surface of molten pig
iron at the base of a blast
furnace. The iron willthen
be used for making steel.

t
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amounts of clthcr clcnrents, such as sulfur, phos-

phorus, and rnanganese.

In a pig-casting n-rachine, the molten (liquid)
iron flows into molds. The termpzgcomes from an

early method of running hot iron into sand molds

arranged arouncl a main channel likc a litter of pigs

around the mother.

Toclav, most pig iron is used to make steel. fhe
molten iron is carried fiom the blast furnaces to
"mixers," which are huge heated tanks. Mixers keep

the iron in liquid forn'r until it is used by the steel-

making furnaces.

See ttko STEF.l..

PIGMENT In chemistrv, pignrent is r substance,

often in the forrn of a powde r, that gives color rcr

another material. Pigment colors a material in one

of two ways-it is rnixed in with the material or
appliecl over its surface in a thin layer.

Pigment does not dissolve but rather rcmains

suspended in a liquid. For example, when pig-
mcnt is suspended in a certain kirrd of liquid, it
forms paint (see t,alx't') . Colored substances that
dissolve in liquids (giving color by staining) are

called dyes (see trvl.).

Pigments also occur in nature. [n biology, a pig-
ment is any substance that colors the tissues or
cells of organisms.

See ako AI.BINO; COI.OR; l)l(,1\,1[.N'lXflON; SKIN.

PIGMENT

Watercolors are examples of paints made with brightly
colored pigments.

PICMENTATION 'I'he coloring of a living
organism is nearly always caused by the prese nce of
one or more coloring substances called pigmcnts
(sec I,tc;MLNr). In planrs ancl animals, the pigmenrs
are in the cells of the organisms' outer layers.

The main pigment in human coloration is

melanin. This dark-colored pigment is found in
the skin and hair. 'l-he color of skin is deterrnined
bv the amount of this pigment. People who are

native to sunny regions tend to have large antounts

of melanin and are dark brown or nearly black.
'l-he high melanin content has evolved in these

peoplc because it protects the underlying layers of
skin from sunbLlrn. People who are native to cooler

and less sunny regions tend to have paler skins.

With the exception of albinos, however, all people
have some melanin in their skin (see ALIltNo).
People with light-colored skin can produce more

rnelanin when their skin is exposed ro exrra sun-
light. Their skin turns browner. 'l'his process is

known as tanning.
Melanin is also responsible for hair color. [)ark

hair contains much melanin. Blond hair has only a

little. Red-haired people, who often have pale skin,
also heve little mclenin.

Many animals, such as chameleons, cephalopods,

ancl flatfish, can change their appearance by alter-
ing the distribution of pigments in their skin.
Nerves or hormones cause the pigment granules
(small grains) to scatter or to collect in certain areas,

thereby changing the color of the skin.

See also CAMOUITI.AGF.; IIORMONt.

PIKA (pe'ka) The pika is a small, furrv mammal
related to the hare and rabbit (see MAMMAT-). Pikas

are found in Asia and North America. The animals

olten live among loose rock on mountainsides.
Some kinds of pikas live together in large groups
called colonies.

The American pika is frequently called a conie or
a calling hare. American pikas are about 7 in. IlB
cm] long, not including the tail. Their coat is gray-
ish brown on the back with white or light brown
covering the underside. American pikas resemble

guinea pigs. Collared pikas are also found in North
America. Like the American pika, the collared pika

d;E
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PIKA

The pika is a small, furry
animaloften found in the
loose rocks on
mountainsides. Pikas spend
much of their time
collecting and storing plant
material that they will eat
during the winter months.

lives in the mountains. The collared pika, however,

lives farthcr north than the Anrerican pika.

Pikas feed on plants. 'l'l-re animals spend much

time collecting grasses ar-rd other plants to use dur-

ing the wintcr months. Pikas dry these fbods in the

sun by stacking thenr in piles that lool< like small

haystacks. Thcn tl-rey carry the dried material away

and store it under rocks and fallen trees.

5i't rtlsu H \Rl i lt\BRI I .

PIKE Pikcs arc freshwater fishcs bclonging to the

pike famil1,, E,socidac. Members of this family
include the pickerels and the n-ruskellunge (see

MLJSKLLLLIN(l[.; I'l(.KF.RF.I.). Perhaps tl"re best-known

member is the northern pike. Thc northern pike is

found in lakes and rivers of Europe, Asia, and

North America. It hicles in dense weeds or among

subrnerged rocks, sitting very still. When an animal

swims by, the pike darts out and grabs the prcy in

its sharp teeth. It lecds mainly on other fish and

frogs, but somctinres snatches volrng ducklings

fiom the surface.

PIL

The northern pike is one of the most popular

game fishes in North America. It has been widely

stocked into waters in which it did not previously

live. The largest pike caught by a North American

fisher was over 46Ib. [20 kg], but European speci-

mens have been found up to 5 ft. [1.5 ml long and

77 16. [35 kg) in weight. Like its relatives the

muskellunge and pickerels, the northern pike is a

very strong fighter.

PILINC Piling is a method of making a strong

foundation for a building, bridge, or other large

structure. Piling is used when the upper layers of
soil are too weak to support an ordinary founda-

tion. Piling is also used to support walls that help

to retain water and soil-for example, to protect a

beach from erosion (see F.ROSION).

Piles are long pieces of timber, concrete, or steel.

Thcy are usually driven into the ground, though

concrete piles may be cast in position. A pile driver

may use a weight to batter a pile into position. A
vibrating pile driver shakes a pile into the ground.

See a/so BRII)(lL.; UUII.DIN"(; (IONSTRUc'l'lON; SOII.

Ml:C-HANI(.S.

PILOT FISH The pilot fish is a saltwater fish

that belongs to the family Carangidae . It is white or

pale blue with dark vertical bands on its sides. It is
called a pilot fish because it is usually seen switn-

ming near large fish and whales. It was once

believed that the pilot fish guided the large animals

to food. Ichthyologl5l5-ssisntists who study
fish-now believe that pilot fish swim near large

PIKE

The northern pike feeds
mainly on other fish. lt also
eats frogs and young water
birds. Pikes are strong
fighters and popular with
freshwater fishers.

't '*dx,*i
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PIL

PILOT FISH
pitot tiin usually swim near whales 0r al0ngside large f ish,

such as this shark.

fish becar,rse it is easier fbr then-r to swinr in the cur-

rcnts crtusecl by the large frsh. The pilot fish grows

to a length of about 2.4 tn. [(r0 cm]. It is found in

the Pacific and Atlantic oceans.

PILTDOWN MAN Piltdown man was the

name given to the fossil remains of a supposed pre-

historic human being. The fossils were cliscovered

in 1912 in a gravel pit at Piltdown, Bngland. In

1953, the fossils were proven to be fake.
-I'he lossils consisted of a skr-rll and iawbone. The

brainc:rse seemed very modenr, while the jaw was

quite apelike. Analyses completecl in the 1950s

proved that the skull was of a humalr being who

had lived about 750 years befbre. The jaw was that

of a modern ape. 'fhe 
iaw l'racl been stained by

chemicals to make it appcar older, anc{ the teeth

had been artificially ground down to make them

appear human.

For forty years, Piltdown man caused an amaziug

scientific uproar. The hoax did, however, have the

positive effect of stimulating the development of
new methods of fincling the age of fossils.

See A/SO DATIN(;; I;OSSII,; HL]MAN BEIN(;.

PINEAL GLAND The pincal (pin'e al) gland is

an endocrine gland fbund in vertebrates (animals

with backbones) near the center of the brain (see

FNDOCRINE). The role of this pea-sized gland is

unclear. The pineal gland is thought to secrete (give

off) the hormone melatonin (see HORMONE).

Melatonin has been found to aflect the growth of
the sex glands in some vollng animals. In certain

adult animals, it seems to regulate the activitl'of the

sex glands. In human bcings, melatonin mav

detertnit'tc when a pcrson reaches scxual maturitv.

It mav also help regulate the menstn-ral cvcle irr

women (see N{F.NS'l'}LLlAl. (l\'(-1.F.).

Somc scientists have suggcstecl that tl-re pir-reirl is a

vestigial sense organ (see Vl:S'l'l(llAI. ()R(lAN). 'l'he

exact fLlnction ol the pincal glancl itr l'rum:lns

renrains utrcertain.

See also H()RN{ONlr.

PINEAL GLAND

fhe pineat gtand forms a "third eye'on t0p 0f a lizarO's head,

where it may function t0 sense day length. Shown here is a

western collared lizard from California.

PINEAPPLE-t'he pineapple is a fruit-bearing

plant belonging to the brorneliad Family,

Bromeliaceae. 
-l'he plant probably originatcd ir-r

Brazil. It is grown today in tropical areas through-

out the world.
'fhe pineapple plant grows to heights of 2 to 3 ft.

[60 to 90 cm]. lts leaves are sword-shaped and

often very spirrr'. Purplish flowers grow in clusters

on thick stalks (sec lNFl.ORrS(lL.Nc:l-). Each of thesc

flowers produces a small, fleshv lruitlet. These

fruitlets fuse together to form one large frr-rit, the

pineapple. The fruitweigl-rs frorn 2 to 8lb. [1 to 4

kgl. Its firm flesh is a light yellow color. The group

of leaves at the top olthe lruit is called the cror'vn.

The most popular varietv, callecl smooth cavenrle,

is seedless, but some varieties have srnall brown

seeds under the stem. Pineapples are eaten fresh or

canned, and rnany are made into juice. Recent

work has shown that an enzyme in the fru.it can be

of use in treating thrombosis.

Pineapple plants require a warrn climate at-rd a

moderate amount of water. Chemicals are often

spread over the area wl-rere pineapples are planted

to prevent clamage to the plants by parasiric worms

(see t,ARASI'tr). Plastic strips are sometimes laid

down between the plants to help the soil retain

nutrients and water.
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PINEAPPLE

The pineapple is one of the
most popular tropical fruits.
It probably originated in

Brazil, but today it is grown
in tropical regions
throuqhout the world.

Nearlv one-third of the pineapples proclr.rced each

vear are cultivatecl in Hawaii. C)ther in'rportant

pinca;rple-;'rroclr-rcir-rg areas arc in Brazil, Malavsia,

and Mexico.

.\ee a/so I:Rtil l .

PINE FAMILY Thc pine fanrilv inclucles more

than 250 species of coniferoLls trces (see c-tlxtt'l.rr).

Me r-nbers of this familv hrtve needlclike leavcs that

grow in small clusters or in spirals rrrouncl tl're stem.

PIN

Thc male and thc flmale reprocluctive structures

arc in clif-fcrent cor)es on the slrme plaltt (see

\{()N()[(.1()Lls). Pine trecs, rvhich belong to the

genLrs I)inus, are anrong the most contntolt trees in

this lrrnilv. C)ther membcrs of the pinc farnilv
ir-rclr-rcle ccdar, f)oLrsl:rs flr, flr, hen'rlock, larch, rtr-rcl

spruce.

Therc arc about one hundred sprecies of pine

trees. Thcl'grow throlrghout the cooler parts olthc
Northcrn Hemisphcre. Huge forests of pitte trccs

grow across Canad:r rrnd the northern United
States.

'fhere :1rc two main groups of pine trees: sofi, or

whitc, pines; ancl l'rard, or vcllorv, prir-res. The soft

pincs include the larsest ancl rhe olclest pincs. 'l-he

sugar pines of Califbrnia and Oregon sontctitttcs

grow to a heieht of 248 ft.llS ml. 
.l'he 

bristlcconc

prir.rcs are arnong the oldcst living trees. Sonte are

almost fir,e thousarli l,srJc olcl ancl are still alivc.

Thc harci pines inclucle some of the most valLlable

lunrbcr trees in North America. Pine trecs provicle

lunrber that is it-nportant in the constructiol.t,

PINE FAMILY
Trees of the pine family are
easy to recognize by their
cones and needlelike
leaves. Pictured here are
the female cones (above
left), male f lowers (above
right), and whole trees (left)
of the Monterev pine.
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PIN

furniture, and pape r industrie s (see tutrtnEn;
I'Al'L.R). Pines are aIso sources of oil, rurpcnrine.
charcoal, and luel gases (by-producrs produced by

clistillation).
See also F,VL,R(IRF.EN ; CYMNOSI)irRM.

PINK FAMILY'Ihe pink faniily includes about
two thousalnd sprecies of herbaceous plants. They
are dicotyledons and grow throughour the world
(see nrcot'yr.L,t)oN; HERBActL.ous pLAN't ). The
leaves grow in opposite pairs and have smooth mar-

gins (see LtrAF). 
-I'he stem is often swollen at the

nodes, where the leaves attach. The flowers usually

grow in clusters.

Cenus Gypsophila includes fiftv species of plants
known as baby's breath. These plants proc{uce tiny
pink or white f'lowers, which are ofren added to
bouquets of other flowers as trim. l'he most popu-
lar members of the pink family belong ro senus
Dittnthus. 1'his genus includes the carnarior-rs,

sweet \X/illiams, and pinks, many of which are

sweetly scented.

PINK FAMILY
Carnations (above), sweet-scented members of the pink

genus Dianthus.family, belong to the

PIPEFISH A pipefish is a snakelike salrwarer flsl.r

that belongs to tl're farnill, Syngnathiclae. Ir is
related to the sea horsc (see SI..A rl()list--). 'fhe

pipefish has a lot'rs, thin body. I'}ipcfish ranse in
length from I ro 20 in. [2.5 to 50 cnr]. Thcre are

twcnty-one species of pipefrsh in North Arrrerica.

T'hey live in the coastal \\':rters of both tl-re Arlantic
and Pacillc occans. Pipef-isli ea.t planktor-r, rvhicl-r

they suck in through their slender sr.rours.

See also PLANK'l ON.

PIPETTE (pi pet') A pipctte is a piece of slass

appar2rtus usecl in chemisrry and biologv. lt is r-rscd

for transferring an exact volume of a liquid from
one cor-rtnir-rer to iurothcr.

A pipettc consists of a cylinclrical elass bulb. At
each end of the bulb thcre is a length ol thin glass

tubing.'fhe lower end of the pi;retre has a rhin tip.
A rr-rbber btrlb is placed on thc upper cnd of rhe

pipette. 
-1'he 

end without the rubber bulb is placed

in the liquid to be transf-erred. 'Ihe rubber bLrlb is

squeez-cd ancl then released to draw the liquicl up
the pipette. The upper part of the tube has lines

marked on it. 'fhc pipette is filled to the appropri-
ate line. 'fhc pipettc now holds an exact volurne of
the liquid. 'l-his can be translerred to another con-

tai ner.

PIRANH4 (li nin'ya) A piranha is a sharp-
toothed freshwrrter fish that belongs ro the lanrilv
Characidae. It is native to lakes ancl rivcrs thror.rgh-

out most of South America. Pirar-rhas eat largc

amounts of prel'and ma1'attack land animals that

PIRANHA

The red-bellied piranha (above) lives
Amazon River in Brazil.

in the waters of the
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fall into the water. f)espitc their reptttation, thcy

rmrcly attack peoplc. Piranhas grow to be 24 in. [60
cml long. They are ofien kept in thc United States

as aquariunr pets, though it is illegal to do so irr

sonrc states becausc of tl-re danger of thcir being

releasecl irrto water bodies. Tl'rcy have becn intro-
dLrcecl into somc North American rivcrs and lakes

both bv aclu:rrium owners who tirecl of tl-re n-r and as

game fish.

PISTIL The pistil is the fernale reproductive
structLlre of a flower. It r.rsuallv has three prarts:

stigma, stylc, ancl ovary. Thc stignra is at the top of
the pistil. lt has a sticky or feathery surface thmt r.vill

hold anv pollen grains that land on it (sec I'}ol.l.lNA-

TIoN). The stigrna leacls to the tr-rbelike style, which

opens intcl rhe ovary. In sotne plants, tl-re stvle is

missing ancl thc stigmir sits directly on top of the

ovarr,. Ovules are produced in the ovary. The ovules

contain the lemale gametes, or eggs, which develop

ir"rto seeds (see o\'AI{Y; ovUl-F-).
'l'he r-rumbcr of pistils in a flower varies by

specics. Some flowers have m:rnv pistils; some have

none. Some florvers have a compout'rd pistil-actr-r-
allv sevcral pistils fusecl into one.

Se e a /s o t: t.OV'l: Ri FRL.r I'l'; Rt'-l)R() t) Ll(.-f I ON.

PITCH Pitch is a black, gluclike substance that is

left behind when petroleum or coal tar is distilled
(see nts'l-tt.t A't't()N). It is called asphalt in its natural

fbrm (sce Asl'}HAl.f). Pitch is water repcllent and

highly adhesive (scc AI)HF-StttN). It is used for roof
coatings, highway paving, and waterproofing
applications.

PITCHBLENDE Pitchblende is an important
ore of the radioactive rretal uranium. It occurs in
igneous rocks, mainlv granite, and irr veins of irot't,

copper, lead, :rnd tin minerals. Pitchblende is usr-r-

ally brown, black, or dark gray. It consists mainly of
the compouncl uranium oxidc (2UOj'UOr). It also

contains small amounts of other elements, such as

radium, thorium, ancl zirconium. Pitchblende is a

PITCHBLENDE

Pitchblende is a major ore of uranium. This miner is drilling a

tunnel in a pitchblende mine.

PITOT TUBE A pitot (pe'to; tube is used for

measuring the velocity rate at which a gas or a liq-
uid flows. For exarmple, a pitot tube can be placed

inside a pipeline to measure the rate at which a gas

or a liquid flou's through the pipeline. A pitot tr-rbe

can also be fitted onto an airplane to measure the

speed of the air flowing past the airplane. This lets

the pilot determine how fast he or she is moving

re lative to the rate ol flow of the air. 'i'his is called

the air speed of the airplane.

The pitot tube was invcnted by a French e ngineer,

Henri Pitot, during the 1700s. A pitot tube is a nar-

row metal tube that is bent at a right angle. One end

has a nozzle that faces into the fluid flow Since the

tube is small, it hardly disturbs the flow. In
pipelines, the other end of the pitot tube is con-

nected to a mano[leter. A nlanometer is an insrru-

ment that measures differences in pressure (see

\lANOl\{F'rl--n). The reading on this manometer is

due to two different sorts of pressure in the pitot.

One is called the dynamic pressure. This is caused

by the gas or liqLrid moving through the pitot.
There is also static pressure. This is the pressure

exerted by the fluid even when it is not flowing. To

calculate the rate of floq only the dynamic pressLrre

is needed. Therelore, the static pressure must be

subtracted from the reading on the manometer. The

static pressure is measured by another manometer.
-I'hen the ratc of flow can be calcr"rlated.

wpc of uraninite.
See d/so (lON'l POL-rNt):

ROCK; LlRANlLli\4.

FMF,N N4INLRAI,; ORF-;
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PLACEBO (pla se'bo) A placebo is a "durnmy

rreatment." It is any substance that has no activity

against the illness for which it is being given, but

which thc paticnt believes will be effective'
Placebos are used for two reasons. They may be

given to improve the patient's well-being by help-

ing the patient overcome symptoms that arre psy-

chological in origin (see PSYCHOSOMA'rICI

DISORI)ER). 'Ihe patient gets better because he or

she believcs in the power of the "drug." Placebos are

also used to test the effects of a new drug. One

group of people with a disease is given the new

drug, and another grollp with thc disease is given

the placebo. Researchers can then determine the

true effects of the real drug, balanced against any

psychological effbcts caused by the patient's just

believing the drug is working. -I-he 
use of placebos

in this way, howevcr, is very carefully considered

and monitored because of the ethical implicatior-rs

in withholding treatment.

PLACENTA lpla sEn'ta) Thc placenta is an

organ that is formed during pregnancy to allow

substances to be exchanged between the blood of
the mother and the fetus (the unborn young).

Among all the members of the animal kingdom,

only mammals have a placetrta. The only mammals

that do not develop a placenta are the pouched

marsupials and the egg-laying monotremes (see

N,IAMMAT,; MARSUI,IAL; MONO.I.RF,M E).

In thc placenta, the blood of the fetus comes very

close to, but never mixes with, the blood of the

mother. Digested food, water, oxygen, hormones,

and antibodies move by diffusion from the

mother's blood into the fetus's blood. Waste prod-

ucts diffuse fiom the fetus's blood into the mother's

blood. In a sense, thcn, the mother eats, breathes,

and removes wastes for her unborn child (see eNrt-

BODY; DIFI]USION; HORMONL,).

The placenta forms from tissues surrounding

the fetus and from some of the tissues in the

mother's uterus. It is connected to the fetus by the

umbilical cord (see UMBILICIAL CORI)). The pla-

centa develops small, fingerlike projections called

villi, which are surrolrnded by the mother's blood

in her utcrus. Blood flowing throtrgh the villi

Placenta

Wall of uterus

Maternal blood vessels

Umbilical artery

Umbilicalvein ',

umbilical cord ".. !

PIACENTA
ln its mother's uterus, theletus, in effect, feeds, breathes,
and excretes wastes through the placenta. The placenta is

connected to the fetus by the umbilical cord.

picks Lrp food and oxygen from the mother's blood

and then carries it back to the fetus. In human

beings, the placenta is almost fr.rlly formed within
the first two months of pregnancy. 'fhroughout

the pregnancy, the placenta also makes hormones

that arc needed for the pregnancy to continue and

progress in a healthy manner.

Soon after the baby is born, the placcnta is

pushed out along with other membranes, all of
which is called the afterbirth. However, some

mammals do not force out the placenta, but instead

take it back into their system.

See also PREGNAN(IY.

PIANCK, MAX (185u-1947) Max Planck was

ar German physicist lamous for developing the

quantum theory. He was born at Kiel and studied

in Berlin. L-r 1900, while he was a professor in

Berlin, Planck developed the theory that energy

behaves as if it is given off as particles. He called

these particles of energy quanta (plural of qttan-

tum). At first, Planck's idea was not taken seriously.

Gradually, scientists realized that the quantum

theory helped explain things they could not explain

erny other way. In 1918, Planck was awarded the

Nobel Prize for physics for his work.

See also LIGH-l'; I']Ho-l'ON; QL.r,AN'fLl\'{ l-H|ORY.
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A pl"n.t is a body that revolves around a star. A
planet gives off no light of its own. It cnn be seen

because it reflects light from the star. It also receives

most of its heat from the star (see AS'l'ROh\oMY;

slAR).

The solar system There are nine major planets in
orbit around the star called the sun, helping make

up the solar system (see sclL,ln SYSTF,M; SUr'l-). A
major planet is different from a minor planet, such

as an asteroid, because of its size and the shape of

PmxET
its orbit (see ASTERoID; ORBIT). In the order of the

increasing average size ol their orbits, the major

planets are Mercury, Venus, Earth, Mars, Jupiter,
Saturn, Uranus, Neptune, and Pluto. Except lor
Mercury and Pluto, they all orbit ir-r approximately

the same plane (level). The rest of this article will
focus on these major planets.

A planet may be orbited by one or more smaller,

solid bodies called satellites, or moons. Seven of the

nine planets of the solar system are known to have

moons (see tr,ttlclN; SATELI.ITE).

iil:a;lllli
,i.,!iBgrrl

Moon

Venus

Mantle

Core

Crust

Crust

Mantle

Core

Crust

Mantle

Mercury

Co re

Crust

INNER PLANETS

These diagrams compare
the structures of the four
inner pla nets-Merc ury,
Venus, Earth, and Mars-
and the moon. All have a

centralcore made of iron
and other heavy metals.
Surrounding the core is a

rocky mantle, and covering
the mantle is a relatively
thin crust of solid rock.
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Astronomers think that other stars in the uni-
verse may be orbited by one or more planets. In
1983, they found evidence that a star called Vega

has a shell of solid particles surrounding it. These

particles probably formed from the materials that
formed the star. Many astronomers believe the
solid particles may eventually form a solar system

around Vega. However, the tremendous distance

from Earth of this and other stars makes the search

for other planets very difficult.
When viewed from Earth, other planets seem to

give off a steady light, while stars twinkle. Because

planets are relatively near Earth, their motion
against the background of stars is noticeable .

Because the stars are so distant, they appear to
remain in the same position. Actually, the stars

are moving thousands of times faster than any

of the planets.

The planets are divided into two main groups:

the terrestrial planets and the Jovian planets. The
terrestrial planets-Mercury, Venus, Earth, and

Mars-are similar in size and have solid, rocky sur-
faces. Tbrrestrial means "relating to Earth" (see

L,AR1'H; MARS; ML,RCURY; VENUS). The Jovian plan-
ets are Jupiter, Saturn, LJranus, and Neptune. The
name Jouian means "relating to Jupiter." The plan-
ets are called Jovian because Saturn, uranus, and

Neptune-like Jupiter-consist largely of gases.

The Jovian planets are also very large. Scientists put
the farthest planet, Pluto, in a category by itsell
Scientists kno.v little about the surface of Pluto
because it is so far away. However, they believe

Pluto is made up of frozen gases. This makes

Pluto's surface more similar to those of the terres-

trial planets than those of the Jovian planets (see

JUPITER; NEPTUNE,; PLU,I.O; SAI.URN; URANUS).

Pluto and Neptune are too far from Earth to be

seen without a telescope. The other planets can be

seen in the night sky. Mercury, because of its close-

ness to the sun, is visible only briefly after sunset or
before sunrise.

Planet movements Each planet follows an ellipti-
cal (oval) orbit around the sun. As a planet orbits,
it turns, or rotates, on its axis (an imaginary line
running through its center). The closer a planet is

TILTED AXES

Except for Mercury, all the planets are tilted. Their axes
(lines joining North and South poles) are n0t upright. The
numbers in degrees show the angle of tilt for each planet.

ll '*m=t/+ I -\.A*i#i ruJ\-1H\_TY:X",1
ll ._,xffiqJi Y.;lll wYlil\Tl\l

Venus $ Earth ,$Mercury 
"4

to the sun, the
less time it takes for it
to complete its orbir.
Mercury complctcs its

orbit in 8B days. Pluto,
the most distant planet,
takes about 248 years. (For

about 20 years every 248
years, Pluto's orbit is inside
Neptune's. Most recently, this period began

in 1976. Pluto will again be the most distant planet

in 1999.) All the planets orbit in a counterclock-
wise direction.

The closer a planet is to the sun, the faster

orbital speed. Mercury, the closest, has a velocity
(speed in one direction) of 30 mi. [48 km] per

second. Pluto, the farthest, travels at2.7 mi.

14.7 km) per second. Earth's velocity is

about lB mi. [30 km] per second. That
translates to about 66,240 m.p.h.

[106,580 kph].
Of the terrestrial planets, E,arth

rotates on its axis once every 24

hours. Mercury takes 59 days,

Venus takes 243 days, and Mars
takes 24 hours and 37 minutes.
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Pluto takes 6 days, t hor-rrs, and 1B minutes. The

other Jovian planets show less variation, ranging

from about l0 to 18 hours. Venus and Uranus

rotate clockwise. Thc other seven planets rotate

cotrnterclockwise .

All the planets except Mercury have a tilted axis.

No two planets rotate on the same tilt. Earth's axis

is tilted about 23" to the orbital plane. Uranus is

tilted about 98" to the orbital plane.

Properties of the planets The characteristics of
the planets are due in part to their distance from

thc sun. The planets closer to the sun have higher

temperatures than the more distant planets. A
pl:rnet's atmosphere also affects how much of the

sun's light and heat are absorbed.

lrarth is r-rnlike tl're other planets in manyways. It
is apparently the onlv planct that can sustain life as

we know it. F,arth is the only planet with an atmos-

phere that is rich in oxygen.

Of all the planets, Mercury orbits closest to the

GIANTILANETS
Compared to the inner planets, four of the outer planets-
Jupiter, Saturn, Uranus, and Neptune-are giants. The
exception is Pluto, which is a tiny planet smaller than
Earth's moon.

sun. Its orbit averages about 36 million mi. 157.9

million kml from the sun. Until recently, Mercury
was believed to have no atmosphere. However,

experiments have shown that Mercury probably

has a very thin atmosphere that comes from the

solar wind (see SOLAR \(/lND). The temperature on

Mercury's surface reaches about 662'F [350"C]
during the day. At night, the temperature falls to

about -274"F [-170'C]. Photographs of Mercury's

surface taken by space probes show it to be crater-

marked rock. Space probes are unmanned space-

craft that are equipped with very advanced sensing,

recording, and transmitting instruments (see sPAClF.

TXPLORATION). In composition, Mercury seems to

be more like our moon than like any of the other

planets. There is no evidence that Mercury ever had

a thicker atmosphere or any bodies of water.

Venus was once thor-rght to be much like Earth.

Space probes, however, have found it to bc very dif-
ferent. The planet is surrounded by dense clouds of
sulfuric acid (see suLFURIC ACIt)). Beneath the

clouds, lightning flashes constantly, but no rain

falls. The planet has the least elliptical orbit, but it
rotates clockwise. This means that, on Venus, the

sun appears to rise in the west. The clouds around

Venus are in three layers. A clear atmosphere of

Mercury



carbon dioxide extends from the planet's surface to

the dense bottom cloud layer. This distance is
about 30 mi. [50 km]. The other clouds of the

atmosphere contain several gases, including nitro-
gen and water vapor. The planet's temperature is

higher than the boiling point of sulfur, about
900'F 1470"C ]. The temperature is much cooler at

the planet's poles, however. There is no measurable

magnetic field and no seasonal change.

Venus's orbit is the closest to Earth. It is often the

brightest object in the night sky other than the

moon. Venus is often called the Evening Star or
Morning Star because it is usually visible in the

three hours after sunset or the three hours before

sunrise.

Earth's other neighboring planet is Mars. Mars is

barely more than half of Earth's diameter. A coating

of dust stained by iron oxide gives the planet a red-

dish appearance when viewed through a telescope.

Most of its surface is covered by sand dunes and

rocks. Temperatures vary from near 70'F [21'C] at

noon to about -150'F [-100'C] at night. Mars is
the only other planet besides Earth that has water

on its surface. However, the water on Mars is

mosdy in the form of ice caps at the poles. Mars has

a very thin atmosphere, which includes a trace of

PLANET

water vapor. Astronomers think the cap at the

south pole may be mostly frozen carbon dioxide
(dry ice). Mars's surface is dotted with huge volca-

noes that were active when the planet was young.

Space probes and satellites have revealed traces of
erosion that seems to have been caused by flowing
water, but no sign of life has been found.

Jupiter, Saturn, Uranus, and Neptune are all
much larger than any of the other planets.
However, they are also much less dense than the

other planets. They are mostly balls of helium and

hydrogen. They all spin much more rapidly on

their axes (plural of axi) than do the smaller plan-

ets. Jupiter spins the fastest of all the planets. All
sides of each planet can be observed by telescope

during a single night. All four planets are orbited by

one or more rings. Jupiter's thin ring consists

mainly of dust particles. Saturn has seven main

rings, made up of particles and blocks of frozen gas,

dust, and ice. Saturn's rings are much brighter than

Jupiter's or lJranus's. ljranus has at least eleven

semitransparent rings made up of chunks of
unknown black material.

Neptune is a stormy planet. Above the planet,

clouds of methane are pushed by winds of up to
1,500 m.p.h. 12,414 kphl. There is a permanent

t459
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SATURN'S MOONS

This picture shows Saturn (with rings) and six of its moons.
The large moon in the foreground is called Dione.

storm system in Neptune's southern hemisphere

that is as large as Earth. Scientists call this system
"The Clreat L)ark Spot." Scientists have recently

learned that Neptune has four complete and seve ral

incomplete rings circling it.
Like the other Jovian planets, Pluto is very cold

compared with Earth. In fact, Pluto is the coldest

of all the plancts. Astronomers think its surface

temperature is near -459.67"F l-273.15"C1, which

is absolute zero (see AIssol.U'IIl ZERO).

T'he planets differ grcatly in density and mass (see

DF.NSII'Y; MAss). T'he density of Saturn is less than

that of water. Pluto may have about the same den-

sity as watcr. The density of the other Jovian and

the terrestrial planets is more than that of water.

The largest of the Jovian planets, Jupiter, has 318

times the mass of Earth. The smallest planet, Pluto,
has about 0.0017 times the mass of Earth. The

planets also differ in gravity (see cnavttv). Gravity

does not afFect the density or mass of an object.

However, it does affect the weight of an object. An
object weighs more if the force of gravity is

stronger. For cxample, a person who weighs 120 lb.

on Earth would weigh 46ltr. on Mercury or Mars,

109 lb. on Venus, and 304Ib. on Jupiter.
Spacc probes have helped scientists learn more

about the planets than they could have ever learned

from tarth. The Mariner and the Viking space

probcs that traveled through space in the 1960s

and 1970s helped scientists learn about Mercury,

Venus, and Mars. Pioneer X and Pioneer-Saturn

were launched in the 1970s to study Jupiter and

Saturn. All of those probes were launched by the

United States. The Wneraspace probes, which were

launched by the former Soviet Union in the 1960s,

I970s, and l9B0s, studied Venus. In 1983, the

Pioneer X space probe passed beyond the planets of
Earth's solar system. However, it is still transmitting
information. Voyager 1 and Voyager 2 were

launched by the United States in 1977, rn
September and August respectively. Voyager 1 sent

back photographs ofJupitcr and Saturn. Voyager 2
proved to be one of the most successful space

probes ever launched. Voyager 2 sent back pho-

tographs of Jupiter, Saturn, LJranus, and Neptune.

Borh Voyager I and Voyager 2 have passed beyond

the planets of tarth's solar system. However, both

probes will continue to send information back to

Earth. Scientists hope that these probes will find
the outermost reach of the solar wind, called the

heliopause. Magellan was launched by the United

States in 1989. In 1990, it started sending back

information about Venus. Galileo, also launched by

the United States in 1989, was planned to begin

orbiting Jupiter in 1995.

Scientists have also used orbiting space telescopes

that send images back to Earth. The space tele-

scopes are observatories designed to orbit around

Earth, as opposed to space probes, which travel

through the solar system and beyond. Between

1969 and 1988, the United States placed over sev-

enty space telescopes in orbit around Earth. These

telescopes studied the sun as well as the planets.

Some of the telescopes that studied Earth sent back

information about the movements of Earth's crust

and the movements of weather patterns in Earth's

atmosphere. The first large reflecting space tele-

scope, the Hubble Space Telescope (HST), was

launched into orbit in 1990. However, one of the

mirrors of the HST was manufactured incorrectly.

Because of this, some of the first images sent back

to Earth were distorted. In 1993, the telescope was

successfully repaired. The HST has since sent back

clear images.

S ee a ls o OBSERVATORY;'I'L,LIISC]OPF,.
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PLANETARIUM (plln'i t6.r'e am) A planetar-

ium is a model or device that shows the positions

and movements of certain heavenly bodies. The

oldest type of planetarium is called an orrery. An
orrery is a mechanical device that represents the sun

as a large ball, the planets as slightly smaller balls,

and moons as still smallcr balls. These balls can be

moved to portray the movements of the heavenly

bodies (see MOoN; t't.ANE'l).

Many museums and universities have planetari-

ums where projectors are used to cast an image of
the night sky onto a domed ceiling. In this way, the

sky in different parts of the world or the skies dur-

ing the different seasons can be shown.'l-he projec-

tionist, often an astronomer, may give a lecture

describing the projection and discuss a wide range

of astronomical phenomena.

The Adler Planetarium in Chicago was one of the

first planetariums constructed in the United States

to use a projector that displays the moon, planets,

stars, and sun on an overhead dome. The Adler

Planetarium shows cach object moving as it does in
the natural sky. Since the Adler Planetarium was

built, other cities have also constrncted planetari-

ums to teach astronomy.

See also As'l RoNoMY.

PTANKTON

Zooplankton consists of tiny floating animals. Shown here
are a crab larva (bottom), copepod (center), and shrimp
larva (top).

PLANKTON Plankton includes all small, float-

ing organisms that live in the sea and in bodies of
Fresh water. Algae and tiny floating plants are called

phytoplankton. Phytoplankton accounts for most

of the world's photosynthesis and releases large

amounts of oxygen into the air (see PH(rl'OSYN'l.Ht'--

StS). Protozoans and tiny floating animals are callcd

zooplankton. Fish eggs and larvae are also

PI-ANETARIUM

A planetarium has a

complex, moving projector
that casts images of
planets, stars, and galaxies
onto a domed ceiling. lt can
show the positions of stars
and their constellations at
various times of the year.
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considered zooplankton. Zooplankton also

includes larger animals such as jellyfish.

Some planktonic organisms, such as algae, spend

their entire lives as plankton. Others, such as fish

eggs and larvae, are part of plankton only until they

are developed enough to swim offon their own (see

NEKTON).

Plankton is a major source of food for many

larger aquatic animals. As such, it is an important
part of the aquatic food chain (see rooo CHAIN).

Many scientists believe that, in the near future,
plankton may be cultivated as a major source of
food for human beings.

See also BENTHOS.

PLANTAIN FAMILY The plantain (plln'tan)
family includes about 265 species of small,
herbaceous plants. They are dicotyledons (plants

with two seed leaves) and are found all over the

world (see DICOTYI.EDON; HERBACEOUS PLANT).

The leaves are simple and usually grow in a rosette

on the ground. From the middle of the rosette

grows a leafless stalk. At the end of this stalk is a
spike of tiny green or brown flowers. Long sta-

mens hang from the flowers and scatter pollen in

PLANTAIN FAMILY

the breeze (see INII-oRESCENCE; LEAF).

Common plantain is a well-known plant that
often grows in lawns. Its flowers make tiny nutlike
fruits that are a popular food for birds.

The tropical fruit that is called plantain is a kind
of banana and not related to the plantain family
(see BANANA).

PIANT DISEASE A plant disease is anything

that kills, weakens, or otherwise affects the normal

growth of a plant. A great danger of plant diseases

is that they will destroy plants that are necessary for
people to live. A serious outbreak of a plant disease

can cause a famine-widespread lack of food.
Famine may result in the starvation and death of
hundreds or thousands ofpeople.

/
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PLANT DISEASE-SmuI and blight
Common diseases of crop plants include barley smut (above
left) and potato blight (above right).

The causes of plant diseases can be divided into
two major categories: nonliving causes and living
causes. Nonliving causes usually involve a lack of
one or more minerals.

Certain minerals or nutrients (nourishing sub-

stances) must be in the soil for a plant to grow prop-

erly. Some nutrients, such as nitrates and

phosphates, are needed in fairly large amounts and

are called macronutrients (the prefix mncro meansRibwort plantain, shown here, is a common weed in lawns



PIANT DISEASE-
Affected leaves

The cabbage leaves
(above) have turned yellow
because of a virus, which is
carried by aphids. The
brown spots on the wheat
leaf (above rightlare
caused by a type of fungus
known as rust. The leaves
of an apple tree (left) are
affected by a type of
mildew.

"large"). Micronutrients (the prefix micro means

"small") are needed in smaller amounts. They
include compounds of boron, copper, zinc, and

many other elements. If the plant cannot get enough

of any necessary nutrient, it will not grow properly.

It is then said to be suffering from a deficiency dis-

ease. The leaves often turn yellow or blotchy, or

become very spindly. Many times, farmers and gar-

deners increase the nutrient content of soil by adding

fertilizers (see FtsRTILIZT,I). But they must be careful

not to add too much. Too much nutrient can also

upset the proper working of the plant's body.

The living causes of plant disease include fungi,

bacteria, viruses, insects, and nematodes. Most
plant diseases are caused by parasitic fungi (plural

of fungus) (see ruNcuS; PARASI'I'E). Vhen a fungus

spore lands on plant tissue, it grows hyphae (root-

like structures) into the plant. These hyphae feed

on the plant's cells. Some of the main fungus dis-

eases are blight, mildew, rust, and smut.

There are more than 170 known types of parasitic

bacteria that cause diseases in plants (see BACTF,-

nte). These bacteria are usually carried by insects

from plant to plant. They destroy plant cells bv

digesting plant structures for food.

Viruses cause many plant diseases (scc vIRUS).

One of the most harmful viruses is the tobacco

mosaic virus, which attacks tobacco and other
members of the nightshade family, including
tomatoes. These viruses may be spread by touch

or be carried by insects, especially aphids, and

other animals.

Nematodes are very small worms that sometimes

live as parasites on plants (see NutttatoDE). More

than one hundred species of nematodes attack

plant crops. Although nematocies usually hurt the

plant's roots, sometimes they hurt or kill the part of
the plant above the ground.

There are many signs of plant disease . These

include changes in leaf color; enlarged areas on the

stem, roots, or leaves; stunted growth (the plant

stops growing); falling off or death of parts (flow-

ers, fruits, leaves) of the plant; or the death of the

entire plant.
Plant diseases can olten be held offby biological

or chemical means (see ntclLclcICAl. CON'l-ROt.;

FUNGICII)h,; INSECTICIDE; PESTICItll.). They rnay

also be fought by breeding plants that can hold off-

some kinds of diseases.

See also AGRONOMY: BRFF,DINC.
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The plartt kingdom includes all living and extinct
(no longer living) plants. The members of the plant
kingdom have many cells, and nearly all plants

contain chlorophyll. Other organisms (such as bac-

teria, fungi, and algae) that were once classified as

plants are now placed in separate kingdoms (see

CI,ASSII.ICAI-ION OF LIVING ORGAN]SMS; KINGDOM).

How plants differ from animals Plants are differ-

ent from animals in many ways. Plants are able to

make their own food by a process called photosyn-

thesis. In order to make food, plant cells have

chlorophyll, a green pigment that "traps" some of
the energy from sunlight (see cHLOROPHYLI-;

pHolosyNTrttsts). Although most plants make

more than enough food for themselves, some must

depend on other organisms for part or all of their
food (see PARASITE; SAPROPHY'I'L). However, allani-
mals must depend on other organisms for their
food. Some animals eat only plants and are called

herbivores. Some animals eat only other animals

and are called carnivores. Omnivores are animals

that eat both plants and other animals (see canNt-

VORF,; HERBIVORL,; OMNIVORE).

Most plants stay fixed in one place for their entire

lives. Certain parts of the plant can move, but the

plant itself does not move (see H,tclvl,l,tuN l' OF

t,mN't's). Most animals, however, are able to move

LEAVES AND SEEDS

The leaves of simple ferns
consist of fan-shaped
segments. The leaves of
maidenhead fern (above)
bear "packets" of spores on
their undersides.
Watercress (above right)
has leaves that grow out of
the water. Seedcases vary
widely in appearance.
Shown here are a pine cone
(right), seedcases of willow
herb (center right), and
fuchsia (far right).
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FLOWERS FROM BULBS

Tulips are grown for their showy, colorful blooms. Like many
plants that grow from bulbs, tulips are monocotyledons-that
is, plants that have only one seed leaf.

from one place to another under their own power.

It is possible for the gror.vth of plants to be

almost unlimited. Animals, however, are usuallv

limited in size-they cannot grow bcyond a cer-

tain size. A given kind of plant can also vary in
shape-a tree, for exanple, varies according to
where it grows-but a given species of animai is

always the san're shape.

A plant cell is ditTercnt from an animal cell (see

t'l tl*d ts

cEt.l.). Both the plant cell and animal cell have

nanv similar structures. The plant cell, however,

has a thick cell wall surrounding it, while the ani-

mal cell has only a thin cell membrane.

Divisions of plants There are over four hundred

thousand different species of plants. They are

grouped into several divisions (sometimes called

phyla). Members of the division Bryophyta-liver-
worts, hornworts, and mosses-do not have special

conducting tissues (xylem and phloem). 'fhey also

do not have true roots, stems, or leaves (see

uRYoPHY'l-h,). The division Pteridophyter includes

'{
1l
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Terminal bud

PI-ANT PARTS

Most plants have a main stem that supports ii,en, 'attnougl't

some plants have several stems. The stem and side shoots
bear leaves and flowers, which produce the seed-containing
fruit. Roots supply water and nutrients to the plant.

ferns, which havc conducting tissues, roots, stems,

arnd leirves but do not produce seeds (see I,'I'L,RIl)O-

PHY'rF,). The division Coniferophyta (conifers)

includes thc lamiliar evergreen trees that produce

seeds in cones. They and the other plants that pro-
duce seeds that are not completely enclosed in a

protective structu.rc arc carlled gymnosperms (sce

CONIF[,R; L,VL,R(, Rh,F-N ; CYM NOSPF.Rtr,t). The division
Anthophyta or Angiospermophyta includes all
flowering plants, often called angiosperms. They
produce seeds that are enclosed within a protective

strulcture called a fruit (see ANGIOSI,I-RM; FI.OV/ER;

FRLJIT).
'l'he bryophytes, pteridophytes, gymnosperms,

and angiosperms are the main plant divisions.
However, there are other, smaller divisions of plants

as well. Club mosscs and horsetails belong to two
such divisions. Club mosses and horsetails were

common prehi.storic plants. They grew as tall as

modern-day trees. A few small species of club
mosses ancl horsetails still exist today (see ct-Uti

N{OSS; HORSF,TAII ).

BUDS AND ROOTS

Flowers and shoots develop from buds, which often grow in
axils at the junctions of leaf stalks and stems (top). Plants
may have a single main tap root with side roots off it, like the
plant pictured above left. 0r there may be many fibrous roots
all growing from the base of the plant, like the grasses in the
photograph (above).

Characteristics of different kinds of vascular
plants Vascular plants are plants that have special

tissue for conducting liquids (see VASCulAR PI.ANT).

Fems (pteridophytes) are among the simplest of the

vascular plants. In prehistoric times, ferns grew as

tall as trees. In tropical areas today, some ferns still
grow 40 ft. ll2 m] tall. However, most ferns do not
grow taller than 3.3 ft. [1 m].

'l'he gymnosperms include conifers, cycads, gink-
goes, and gnetales. Most conifers are evergreen trces

1466



STORINGWATER
Plants that grow in dry places have various ways of saving
water. A succulent plant (above left) has thick, fleshy leaves
that store moisture. A cactus (above right) has no leaves at
all, only spines. Water is stored in the thick stems.

and shrubs with needlelike leaves. The cycads have

large cones and fernlike leaves. The ginkgoes are

gymnosperms with fanlike leaves. All but one

species are now extinct. The gnetales are plants with
some characteristics of gymnosperms and some of
angiosperms. Gymnosperms are found throughout

the world in almost every type of climate.

The angiosperms-flowering plants-are the

most highly evolved, or developed, members of the

plant kingdom. Most of the plants in the world
today are angiosperms. They show great variety in

size, appearance, and ways of life. Most live on

land. Some, however, live in fresh water and a few

live in salt water. Some live in hot, dry, desert areas.

Some plants live in icy, arctic regions (see AQUAI'IC

PLANT; EPIPHY-l'1,; HALOPHY't'E; XEROI'HYTE).

Angiosperms are divided into two classes according

to the structure of the seed the plant makes: mono-

cotyledons and dicotyledons. Monocotyledons
have seeds with one seed leaf or cotyledon (see

MoNoCoT\tEDoN). Dicotyledons have seeds with
two cotyledons (see DICOTYLEDON).

Structure of a flowering plant Flowering plants

have vegetative structures (roots, stems, leaves) and

PLANT KINGDOM

reproductive structures (flowers, fruits, seeds). The

roots hold the plant in the ground and soak up

water and minerals from the soil (see ROO'I.). Stems

vary greatly in size, appearance, and structure (see

srEM). Most stems are aerial-they grow above the

ground. In general, aerial stems hold up the

branches, leaves, and flowers. They also carry food,

water, and minerals between the roots and other

plant structures. Some stems are subterranean-
they grow below the ground. Many underground

stems have storage or rootlike structures such as

corms and tubers (see RUI-tl AND CORM; l'ULTER).

Most stems have buds that make leaves, branches,

or flowers (see tlutl). The bud at the end of a stem

is called the terminal bud. It controls the release of
plant hormones that regulate growth (see Hon-

MoNE). Buds along the sides of the steln are called

lareral buds. Each lateral bud lorms in the axil of a

leaf at a place on the stem called a node. Many

stems have tiny openings called lenticels. The
lenticels let gases pass into and out of the stem.

Leaves also show great variety in size and shape

(see LEAF). Most photosynthesis takes place in the

leaves. Most leaves are green because they include

large amounts of the pigment (coloring substance)

chlorophyll. Some leaves are large and fleshy, stor-

ing food and water. Some plants have leaves that

have developed into needles, spines, or prickles.

Deciduous trees and many herbaceous plants losc
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their leaves every yeilr. Other plants, including the

evergreen trecs, have lcavcs yc:rr-round (see Dl:(-lD-

Lr()us t RL.h,).

The flower is the reproductive structure of an

angiosperm. Most flowers have four regions: the

calyx (sepals), the conrlla (petals), the stamelrs
(pollen-proclucing nralc structures), and the pistils
(ovule-producing female structures). Although
sonrc of these parts may be missing, every flower
lnust havc at least onc stanrcn ol one pistil.

Fertilization occurs wher.r a pollcn cell reaches

thc cgg (scc FLI{'l'll l/.A'rlON; I'()t.l.lNA1'lON). This
takes place in an ovule within the ovary of the pis-

til. The fertilizeci egg clevelops into an embryo
(scc F.\{BItY(l). 'fhc ovr-rle clevclops into a seed, and

the ovary devclops into a fruit (see sF.F.D). The
functior-r of the frtrit is to help scatter the seeds of
the plant (see Illsl'ERsl()N ()lr l)Lr\Nl-S). It is

DROUGHT-R,ESISTANT PIANTS
Cacti are adapted t0 grow in dry desert areas. They h;;; ;t
leaves (only spines), and thick fleshy stems t0 store water.

possible for each normal seed to germir-rate
(sprout) and develop into a new plant.

Plant evolution and adaptation Scientists
believe that the first plants were algaelike and
lived in the occans over three billion years ago

during the Precambrian time (see EVt)LU't'tON;

PRI:CANIBRIAN 'l'lME). The first land plants were

probably the primitive psilophytes (see psu.o-

PHYTE). These plants probably evolved from the

algaelike plants about 400 million years ago dur-
ing the Paleozoic era (see PALEOZOIC ene). By

about 340 million years ago, there were forests of
club mosses, horsetails, and ferns. By the begin-
ning of the Mesozoic era, about 245 million years
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ago, when dinosaurs roamed thc carth, gyn-r-

nosperms hacl become the most widespread of the

land plants. Angiospcrms evolved dr-rring the

Mesozoic era (scc MF-soz-()l(t r:n-l). By the begin-

ning of the Cenozoic era, about 65 million years

ago, angiosperms had spread throughout thc worlcl

(see CF.NOZOI(l ERA).

As evolution continued, many plants developed

lifesryles or special structllres to help them grow

and reproduce cfficiently. Some plants grow repro-

duce, and die in one year (see axNuRl. I'l.ANT).

Some plants grow for one year, then reproduce and

die in the second year (see illLNNlAL I'l.ANT). Many

plants live for more than two years, usually repro-

ducing evcry year (see PITRF.NNIAI. l)l.AN'l). Some

plants have developed structrlres to protect thcm

frorn being eaten by anirnals. In some of these

plants, the leaves have becn modified (changed) as

spines or thorns for protection. In othcrs, the plant

has a bad-tasting or poisol-rous fluid in the roots,

stems, leaves, flowers, or fruits.

Many plants have cvolved special strLlctures to

help them store food. Br-rlbs, corms, tubers, fleshv

stems, and fleshy leavcs are irll food-storing struc-

tures. Some plants have haustoria, specialized root-

like structures that grow into a host and soak up

AquArrc !14\rs
Most seaweeds grow in

shallow water near the
seashore. Unlike most
plants, they can tolerate
salt. They are covered by
the sea except at low tide.

PLANT KINGDOM

fbod and water. Some plants l-rave even evolvcd spe-

cial structures for catching insects so that the plants

can get the minerals they necd (see (.AI{Nl\'oRoLlS

I'l.ANt'). C)ther plants have developed a lilcstyle in

which they live symbioticallv with other organisms

(see SYNIBIT)SIS).

Uses of plants Plants arc the nrost important living
things on L,arth. \Without plar-rts, there lvoulcl be no

othcr forms of lifc. It is believed tl'rat prlants were

the original source of all thc oxygen in the c:rrth's

early atmosphere. Plants are rrlso thc nrain source of
oxygen in the air today. 

-l'hev help rn:rintaitr the

carbon dioxide ancl oxygen levels in the air.

Plants are the sollrce of all food needecl bt' ani-

mals. Thcy are vital links in the fbod cl'rain (see

F()ol) (-HAIN). Plants arc intl-rot't;.rnt in practically

every ct'cle in nilture-the carbon cvcle, thc ttitro-

gcn cycle, the oxvgen cycle, and so forth.

Pla.nts provide many ttseful nor-rfirocl proclucts for

people. Thel' provide lLrn'rber for constrltctiott,
fibers lor clothing, chcmicrrls for nrcclicines, ancl

hundreds of other suLrstances that hrr',,e becot'ne

common parts of evcrydav life.

See ako U()-fANYi F.(.()1.()(;\'; I'}l.;\N l. l)lSl:ASI:; ItF.l'}R()-

I)Ll(.'l'loN. t- pnotlcr' (,-,68,6e, -2

-
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PLASMA Plasrna is rhe strirw-colored liquid parr

of the bloocl that carries the solid parts of blood-
recl rrnd white cells ancl platele ts (see Itt.ctoo).
l)lastnrr is rnadc of wrrter, s:rlt, protein, and other
mrrte rirrls.

Plasn'ra c:rrries fbod that h:rs been dissolved to all

parts of tl're bocly. It picks up waste material from
body cells and carries it to organs that remove waste

Fronr thc body (see I-.X(lR['rloN).

Plasn'ra contains hr.rndreds of proteins that are

essential for the proper functioning of the body (see

l)R()'l'trlN). One of the proteins found in plasma is

fibrinogcn. Fibrinogen helps make it possible For

the blood to clot (thicken and Ir-rrnp together) and

seal off a wound. If it were not for fibrinogen, a per-

son could bleed to death lrom the smallest cut.

Globulins are another type of protein found in
plasma. GlobLrlins are mostly antibodies that help

the body's immune systcm fight disease (see aN't't-

BoI)\'; lNlMUNlt Y). A third type of protein found in
plasma is albr-unin. Albumin helps keep the blood
pressurc and blood volume normal and helps trans-

port certain substances in the blood.
f)urir-rg the 1930s, researchers found that plasma

could be separated from whole blood by using a

machine called a centrifuge (see CENTRIFUGE).

After plasma has been separated from whole blood,

it can be frozen and will keep for a long period of
time. Plasma is used in blood transfusions (trans-

ferring blood from one person to another person)

to restore blood that has been lost due to injury or
disease .

See also BI.OOD I'RANSFUSION.

PIASMA (PHYSICS) Plas-a is a fourth state

of matter (see STATF,S OF MATTER). Solids, liquids,
and gases are called states of matter. If a solid is

heated, it melts and turns into a liquid. At a higher

temperature, the liquid boils to form a gas. The
fourth state of matter, plasma, is made by heating a

gas to above 90,000"F [50,000"C]. Plasmas can also

be made by passing electriciry through a gas.

All atoms have small particles called electrons (see

Al'OM; ELECITRON). In a plasma, some of the elec-

trons are separated from the atoms. When an atom

loses (or gains) an electron, it is called an ion (see

IONS AND IONIT-AflON). Plasma contains many ions.

Plasmas usually give off light. The light comes

mostly from the electrons and the ions coming into
contact, or touching. Arc lamps and fluorescent

lamps give off light because they contain plasmas

(see Elnc.rnlc LIGHT). The Van Allen belts around
the earth and the corona around the sun are also

made of plasmas (see CORONA; VAN ALI-EN BELTS).

PLASMA

Plasma is the part of blood
that carries red and white
blood cells and platelets.
Plasma can be separated
from whole blood, frozen,
and stored (left) for long
periods until it is needed for
life-savin g transfusions.



Plasmas are good carriers of electricity. Tl-rey are

strongly affected by magnetic ficlds.

.\ee ako MATT[,R.

PLASMODIUM (pliz mo' de am) A plasmo-

dium is a shapeless mass of protoplasm tl-rat has

merny nuclei (plural of nuc/eu) but lacks a firrn cell

wall (see cELL). It moves by oozing from one place

to another in what is called ameboid movement. A

plasmodium is the normal body form of slime

molds and some fungi (plural of fungus) (see t UN-

i,US; Sl-lME, Mol.l)). Pldsmodium is also the name of
malaria-causing protozoans that live as parasites in

PTASMODIUM

Plasmodium is a type of
protozoan that causes the
disease malaria. This
photograph, taken using an
electron microscope,
shows the stomach of an
An o phol es mosquito. The
small round lumps are cysts
containing immature
Plasmodium.

PLA

PTASMA (PHYSICS)

Nuclear fusion is a process
in which atoms join
together and give off very
large amounts of heat
energy. For nuclear fusion
to tal<e place, the atoms
have to be in the form of a

plasma, which is contained
inside a doughnut-shaped
vessel using magnets. Here
technicians inspect the
inside of an experimental
fusion reactor at Princeton
University.

mosquitoes. Tl'rc rnosquitoes p:rss on thc parrtsites

when thcy bite humans, causing malaria (see

l\{AI.,,\RIA; I'RO I OZOAN ).

PLASTER OF PARIS Pl,rster of Paris is a white

powder that is a form of calcium sulfnte
(CaSOa'rl:H,C)). It is made by rcrnoving water

from the mineral gypsum (CaSO,,,'2H,O) r.vhen the

mineral is heated to 482'F [250'C]1. 
\Wl'ren water is

added to plaster of l)aris, it sets in a ferv mirutcs to

form a hard mass of gypsum. This rnakes it an ideal

material for casts, molcls, ancl pottery.

.See a/so (lYl)StJNI.



Prnsrrc
Plastics arc synthetic (htrman-made) materials.

They are easily rnoldcd into sh:rpes, usually bv

applvine heat rrnd pressLrre. Plastic objects have

manl'clifflrent uscs. In the home, plastic is r-rsed in
floor tilcs, nonstick cooking pans, and heat-proof
surfaces in thc kitchcn. Curtains, carpets, ancl light
f-ixtures may be nracle frorrr plastic. Drip-dry shirts,

non-iron dresses, and nrany typcs of shoes have

plastic itr thcm.
Plastics ure rrlso verv important in industry and

medicine. For cxanrprlc, pIastic tubes are used in
sLlrgerv lor replacing blood vessels that are no

longer working as they shor-rlcl. The plastic used is

inert. 'l-his nrcans that the bodv will not have a

reaction to the tubing. Few other nratcrials could
be used in this rvay (see PROS llll;ll(lS).

Most common plastics belong to a group of
chenrical compounds called synthetic resins (see

Rl--SlN). Plastics are rnade oF long, chainlike mole-

cules called polynrers (scc I'()lYM[,]{). Some of the

polymers usccl to rnarke plastics are founcl in narure.

For example, celluloicl is made by trearting celh-rlose,

a naturally occuring polvmer, with a mixturc of sul-

furic and nitric acids (see (-lrl.l.Ul.osF-).

Typ"t of plastic There are two main groups of
plastics: thermoplastics arnd thermosets.
'I-hermosets are hard and rigid. 'fhermoplastics are

softer and more flcxible than thermosets. Thesc

two types of plastics act differently when they are

heated. Thermosets tend to resist heat. They can-

nor be remeltcd ar-rd reshaped. For examplc, a hot
pan from the stove can be placed on top of a ther-
moset plastic without hurting the plastic. A hot
pan, however, would melt most thermoplastics.
Thermoplastics soften ancl melt at fairly low tem-

peratures. Melting does not damage them, how-
ever, and they harclen again when they are coolcd.
This process of rnelting and cooling a thermoplas-

tic can be rcPcrttcd many times.

Thcrmosets ancl thern'roplastics are different
from each other because their molecules are

arranged differently. In thermoplastics, the long
chain molccules are mo.stly separelre from each

other. 'l'here is very little linkage between the
chains. This is why thernroplastics are flexible,
especially when they are warmed. In thern'roset

plastics, the long chain rnolecules are linke cl

togcther. The linkage of molecules in thermosets

makes these mrterials hard and rigid. $7hen a ther-
moset is heated, even nrore linkages fbrm. This is

why thermosets do not melt whcn they are heated
(sec l\{t)l.trtiL.tl.[).

Most of the well-known plastics are thernoplas-
tics. Besides nylon and polyethylene, they include
polystyrene, polyvinvl chloride (PVC), acrylic,
polyacetal, and polytetrafluoroethylene (PTFE)

EXTRUSION MACHINE
This machine is making plastic pipes by extrusion, which
involves forcing melted plastic through a die.



(see,lC:nYrt(l; NYt-()N). Clonrmon therrnosctring
plastics include Bakelite, epoxy resins, urea-
fornraldehycle resin, polyurethane, ancl silicones
(see li;\KL-l-l I F-; F-l)()XY RF.SIN; SILI(.ONF.).

Some plastics can be either thermosetting or ther-
moplastic. An cxan'rple is polvestcr. Thcrmoplastic
polvestcr is r-rsed in fabrics and to make fiberglass

lnjection molding

H eat

Screw drive

C

(sce FIBF.R(iI.ASS). New plastics that cirn conduct
electricity have been developecl.

Making and shaping plastics Plastics are macle by

a process called polvmerization. In polvmerizrrriorr,

small molecules called monomers are linked
together to make the long chainlikc molcculcs

Blow molding

MOLDING
ln inlection molding (top

left), plastic pellets are
melted and forced into a
mold. ln blow molding
(above), a plastic tube is
softened using hot air
and then shut in a two-
piece mold. The air
expands the plastic until
it ta kes on the sha pe of
the mold. ln vacuum
forming {bottom left}, air
is sucked out of a box
containing a softened
plastic sheet on top of a

mold. The vacuum pulls
the plastic onto the mold.

TsALP

Pfurti.\
pellets

Mold

Vacuum forming

Air removed+
Vacuum-formed
prod u ct

Metal mold
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called polvn'rers. For polyrnerization to happen, a

catalyst is usuallv needed to speed the polymers in

linking up (see tiAlAt.YS I').

In order to rnake plastic articles, the plastic has to

bc shaped. 'l'he n'rost comnron way of shaping plas-

tic is by molding it. Diflerent processes are used for

thermosets and thermoplastics. Objects made of

thermoset plastic are produced by compression

molding. In this process, plastic pellets are placed

in the bottom half of a hot n'rold. The top half of
the mold is moved down on top of the bottom

half with a great deal of pressure. This melts the

plastic, causing it to flow into the shape of the

mold. Under these conditions of high pressure

and temperatlrre, the molecules link up, and the

plastic sets, or molds.

Thermoplastics are much easier to shape than

thermosets. 'fhis is because thermoplastics can be

kept molten (melted) for a long time. There are

several different methods of molding thermoplas-

tics. A very common method is called iniection

molding. Plastic pellets are melted in a heated

chamber. A piston, or screw drive, then forces the

PIASTIC GOODS

Many everyday articles are
made of plastic, from
drawing instruments
(above) to things to use
at the beach (right).
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molten plastic through a nozzle into a mold that
is kept cool. The plastic cools and sets in the shape

of the mold. The mold then opens automatically,
and the obf ect is taken out of the mold. Another
method is calleci blow molding. Molten thermo-
plastic is placed inside a mold. The mold is kept
cool by water. Air is then blown into the plastic

to force it into the right shape. This method
is used for making plastic bottles and other
hollow articles.

Another common method for shaping thermo-
plastic is called extrusion (see nxtnusloN). In this
method, molten plastic is forced through a hole in
the shape of the object to be made. For example ,

a circular hole is used for making rods and a

slit for making films. Synthetic fibers are made

this way. Molten plastic is forced through very

tiny holes in a special device called a spinne-
ret. This method is used for nylon and polyester
(see FIBER).

The heat-resistant countertops used in kitchens

are made by a different process called laminating.
Layers of cloth or paper are soaked in a resin such

as urea-formaldehyde. The resin makes the struc-

ture strong and rigid. The layers are then clamped

in a press and heated to set the resin. This forms the

thick plastic countertop. Some plastic materials are

made in the form of a foam. Such plastics are used

for insulation in the home and in factories, and also

to package fast foods.

Plastics and the environment Even though plas-

tics have become a "wonder material," they pose

great problems for the environment. For example,

plastics are made from a nonrenewable natural
resource-petroleum (see N,ttUnAL RL,SOURCL,;

NONRF.NL,WABLL, RL,SOURClr; PI,-fROLEUN'I). The
manufacture of plastics releases poisons into the

air and creates hazardous waste (see v'astE ols-
PoSAt.). 

-fhese liquid and solid wastes can cause

cancer in humans and other animals if they are

poorly disposed of and leak into the soil or water.

Plastic products also make up close to one-fifth of
the solid waste in the United States. Because they

do not biodegrade (break down), they take up

valuable space in landfills and other disposal sites

forever (see BIODF,CRADABILITY). Also, improperly
discarded plastic materials can cause damage to
many organisms. For example, rings that hold
cans together, fishing lines, and fishing nets can

strangle sea animals. Sea turtles can choke on plas-

tic bags they mistake for.iellyfish.
Some manufacturers claim their plastic grocery

and trash bags are biodegradable. However, the

process of making these bags involves bonding
small plastic pieces together with cornstarch (see

S'IARC:H). The cornstarch decomposes, but the plas-

tic pieces do not. These claims may cause harm if
they lead people away from researching how plas-

tics can be recycled.

See also RF,CYCI-ING.

PLASTIC TOYS

Plastics have
revolutionized the toy
ind ustry. Today, most toys
are made of plastic (left)
rather than metal or wood.
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PLASTIC SURGERY Plastic surgery is thc

surgical repair or rebuildirrg of body tissues (see

stJI{(IERY). Plastic surgeons treat physical delects

(somcthing that is wrong with the body) that

existed when a person was born (congenital

def-ects) or clelects that were caused by iniury or dis-

case. Oftcn, a natural body part does not work as it
should. ln such cases, the surgeon does reconstrttc-

tive plastic surgery to improve the body part's func-

tion and appearance. This oftcn requircs grafting.

ln grafting, skin, muscle, bone, or cartilage is trans-

planted from a healthy part of the bocly to the part

that is hurt or damaged. Sometimes, reconstructivc

surgery involves reattaching severed limbs, rebuild-

ing damaged tissues, or restoring damaged blood

vessels and nerves.

People who want to make their appearance better

sometimes have cosmetic plastic surgery. The most

common types of cosmetic surgery arc Face-lifts to

take away wrinkles from the face and neck and

rhinoplasties to change the shape of the nose.

S e e a /s o I M P I-AN'I'ATI C) N ;'I'RANS P LAN'I'ATI ON.

PIATELET (plaClit) Platelets are tiny, colorless

disks found in blood plasma that help blood clot.

When a person receives a cut, clotting is the mech-

anism that prevents excessive blood loss, which
may cause death. Platelets measure about 0.00008

to 0.00016 in. [0.002 to 0.004 mm] in diameter.
'fhey are produced by bone marrow (see nLc,rcltl;

BONF. MARROw; I)LASMn). Platelets live for about

eight days. T'hey cannot move on their own and are

carried by the bloodstream.

When a blood vessel is cut, platelets stick to the

damaged edges and to each other. They form a

temporary seal over the injury. As the platelets pile

up, they rclease a chcmical that combincs with
other substances in plasma. This reaction produces

the chemical called thromboplastin. Throm-
boplastin changes a blood chemical called pro-
thrombin into thrombin. Thrombin acts on

another blood chemical called fibrinogen.
Thrombin changes fibrinogen so that it takes the

form of threads. J'he threads form a permanent seal

called a clot that stops the escape of blood through

the wound.

Platelets occur only in manrnrals (see vnvltal.).
In other vertebrates (organisms with a backbone)

and some invertebrates, cells called thrombocytes

pcrF.rlm l sirnilar ltutction.

PIATE TECTONICS (plat tEk tdn'iks) Plate

tectonics is the thcory thart the earth's surface con-

sists of plates (big, movable, flat pieces of rock).

Some of these plates include continents, while oth-

ers include both continents ancl oceans. According

to this theory, the movement atrd interaction ol
these plates causes corltinental drift (the slow

movement of the continc,.nts), volcanoes, mount:.rin

building, ancl earthquakes (see cclN't-lNLNl'AL

DRrF',r').

Himalayas

ln d ia n -Au stra lia n

plate

PLATE TECTONICS-Mountain building

The mighty Himalayas were created by plate movements.
Millions of years ago, the plate carrying lndia drifted
northward and collided with the Eurasian plate. Rocks from
the ocean floor were pushed up to form the
range of mountains.
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PIATE TECTONICS-ln1s1l66king plates

The red lines on this map show the edges of the plates that
make up the earth's lithosphere.

The San Andreas far-rlt in California is where the
North American plate meets the Pacific plate. The
area around this fault linc is very likely to have

earthquakes. tarthqr-rakes are also likely to occlrr
along plate edges in other parts of the world.
Volcanoes also arc likely to occur along the cdges

of plates (see uRn't'HrluAKE; FAULT; sAN ANt)nFAS

FAL]l.T; \'OL(IANO).

Convection currents are forces beneath the
earth's crust thirt carry molten (melted) material
lrom the inside of the earth to the surface. These

occur in the soft portion of the earth's Inlgl'iop-
the asthenosphere. 'l-he n'rovements carry the solid
center portion-the lithosphere-in the form of
individual plate s. Convection currents have

playecl a part in the formation of the Mid-Atlanric
ridge. Along this ridge, new rock is always being
formed from the moltcn material. The new rock
forces the two plates that meer at this ridge to
spread apart. This tectonic activity is slowly mov-
ing the American continents away from Europe

and Africa.
Tectonic activity also explains how mountain

ranges have formed (see MC)UNTAIN). For example,

millions of years ago, the plate carrying the indian
peninsula crashed into the Eurasian plate. This
caus.'.1 rhc Hirnrrlrryrls to risc rrp.

-l-hc plate tectonic theory provides an explana-

tion fbr many of the unusual geological events that
have happened during the last scvcral billion years.

See a/so F,ARTIl; PAN(IAEA.

PLATINUM (plit'n am) Platinum (Pt) is a rare,

silvery metallic eleme nt (see F.I.LMIN t'). PlarinLrm is

found as grains or nuggets in igncor-rs rocks (see

ROCK). It is a hard metarl llnd is resistant to (not hr-rrt

by) heat and many chemicals. For these reasons, ir
is used to make surgical instru.ments, chemical
equipment, and electrodes (see L.LL.(.I'Rot)F.). It is

also easily shaped into a new form. Platinum is used

PI-A.TINUM

Platinum, shown here made into wedding rings, is a silvery
metalvalued for its rarity and beauty.
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in a number of different alloys. An alloy is a mix-
ture of different metals (see At.LoY). Alloys of plat-

inum and silver are used in der-rtistry. Alloys oF

platinum with the metal iridium are used for mak-

ing electrical parts and bearings. Platinum's resis-

tallce to heat allows it to be used as a. coating in
nose cones of missiles and in fuel nozzles for jet

engines. Platinum is used to make fine jewelry. It is

also an important catal1,51 in manl' chernical reac-

tions. A catalyst is a substance that speeds up a

chemical reaction (see t:ar,trVsr).
Platinr.rm's atomic nurnber is 78, and its relative

atomic mass is 195.08. Platinum melts at 3,222"F

ll,77z"Cl and boils at about 6,900"F [3,800"C].
Its relative der-rsity is 2l.5.
See AIso RELATIVE I)ENSI,fY.

PIAIYHELMINTHES (phr e hEl min'thez)
Platyhelminthes is a phylum of animals that
includes a large class of free-living flarworms and

two classes of parasitic flatworms, the flukes and

the tapeworms (see PAR\Sl'fF.; 'IAI'F.\(/ORM). These

invertebrate animals have soft, flat bodies. They
have no skeleton, respiratory system, or circulatory

Eye spots

I ntestine

Testis

PIATI'HELMINTHES
This diagram shows the body planoi a ptanarianTat*orr, u
member of the animal phylum Platyhelminthes.

system. Oxygen simply seeps into their bodies from
the surroundings.

The platyhelminths have sirnple nervous and

excretory (waste-removal) systems. Most have

digestive systems with a single opening. Digested

food seeps out of the gut and into the cells of the

body. The most common nonparasitic flatworms

are the freshwater planarians that can often be seen

gliding over the mud or even jLrst under the surface

of the water.

Se e nlso I NVF.R| EBIL{TE ; STIHISTOSO MIAS IS ; \(ORM.

PLA'TYPUS

The platypus uses its ducklrke nitt to nunt unOer*rttr. t*
shellfish, worms, and aquatic insects.

PLATYPUS (pllt'i pes) The platypus, or duck-

bill, is a prirnitive mammal found in parts of
Australia (see vaul,tAr.). The animal is often
called a duckbill because of its ducklike bill. The
platypus uses its bill to hunt for shellflsh, worms,

and various insects on the bortom of srreams.

Adult platypuses have no teeth. Instead, they use

the horny plates in their upper and lower jaws to

chew food.
The platypus is about 2 ft.16l cml long, not includ-

ing the tail. The tail, which is 6 in. [15 cm] long, is

shaped like a paddle. It helps the animal swim.

Althoueh the plarypus lays eggs instead of bearing

Nerve ganglion
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its voung alivc, it is a mammal. It is classified in the

order Monotremata (see Nttlxtll'R[-.l\{tr.). Like other
mammals, the plawpus nLrrscs its yourrg-that is,

feeds thern with milk lrom the mother's breast. The
female usually lays fi-om one to three eggs in a bur-
row in the riverbank. When they are hatched, she

uses her tail to hold thc young close to her body
while nursing them.

Platypuses were once killed in great numbers for

their thick, soft fur. Hunting platypuses is now
against the law in Australia.

PLEISTOCENE EPOCH (pli'sta s€n' Ep'ak)

The Pleistocene epoch is the division of the

Quaternary period in the earth's history that began

1.64 million vears ago and cnded about 10,000

years ago. Modern humans emerged during the

Pleistocene epoch.

The Pleistocene epoch was marked by several ice

ages-periods of time when much of the earth was

covered with ice (see ICll: AciE). During the ice ages,

thcre was less water in the occans than thcrc is r.row

because of the large arnount of froz-en water in the

glaciers (large bodies of ice). Land bridges (connec-

tions formed by land over a body of water), such as

the Bering Strait, were uncovered. This may have

PLI

givcn animals and people the chancc to move fronr
the Eastern Hemisphere into the \(/estern
Hemisphere. When the glaciers melted, the lar-rd-

scape ol the northern land areas was changecl (see

( ,l \( IA I l( )N' ( ;l A( ll l{).
Most modern mammals appearecl cluring the

Pleistocene. Toward the end of this epoch, huge

mammals such as the mammoths, mastodons. and

woolly rhinoceroses became extinct (no lonser
existed) (see LX'l lNC I'loN; N4ANIN{O-l'tl; i\1AS l()t)()N).
The reason for thc extir"rction of rhese large n-rrur-

nrals has not vet been detern'rined.

See nlso I-\/OLLI I l()\; (;F-Ol.(X;lCAI.1-li\,11: S(.AI.t-.; (lLiA-
.I'I--R\iARY 

PF-I{I O D.

PLIMSOLL LINE The Plimsoll (plim'sal) line
is a mark on the side of a ship that shows horv lcxv

in the water the ship can salely sit when ir is lirllr.'

loaded. If the Plimsoll line is below the'uvater level,

the ship is too full. A ship that is too fr-rll can sink
in stormy seas.

The Plimsollline is named aftcr the British politi-
cian Samuel Plimsoll. Plimsoll helped in'rprovc the

laws for ship safety. A Plimsoll line is now necessarv

by law on ships of all nations. It is sometimes called

the International Loacl Line.

PLEISTOCENE EPOCH

lce ages were common
during the Pleistocene
epoch. Among the
mammals that survived the
intense cold were (1) the
woolly mammoth and {2) the
woolly rhinoceros. Both
were plant eaters with long,
shaggy coats. Predators of
the time included (3)

Homotherium, a heavy
saber-toothed cat.

i t;i$
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PLIOCENE EPOCH lpli' -sen' 6p'ak) The
Pliocenc epocl-r, the last division of the 'lertiary

period in thc errrrl'r's lristory, began aborrt 5.2 mil-
lion ycars ago irnd lastcd rrbottt 3.5 million years.

The Pliocene is the shortcst cpoch of tl're 'ltrtiarv

period (sec l l;Rl IAItY I'F.l{l()l)).

The Plioce ne cproch was cooler and clrier than the

prcviou-s epochs. Pliocenc nramrnal.s beg,rn to grow

to a l:rrqer size. 'fl'rere were nliury specics of camels

and horscs thirt werc bieger than toclay's species.

M,rstoclons (elcphanrlike nramnrals) that coLrlcl live

in the ncrv envirclnnrent beg:rn to evolve. l)rinrates

wcre also evolvins rapidly (sec I'RINtArl-). The rhi-
noccroscs of North An'rerica became cxtinct (no

longcr cxisrcc{) (sec F\l'lN( l'l()N). Plioccne sea lilc
was cluitc sirnilar to thar of roday. Dririns the
Pliocenc epoch, the mountain ranges knowr-r as thc

Alps anc{ the Hinrala)'as wcre rising.

Sae t/so (;li()l ()(;l(.,{l llNll-..s(-,\L[.

PLOVER (plirr,'ar)A;rlover is a bird that belongs

to rhe frrmilv (lharaclriidac. It has a short, straight
bill; a sl-rort tail; and long. pointecl wings. Matry

plovers are shorebirds. 'l'hev ure most often seen

walking along the shorclinc, feeding on insects anc{

smrrll u,rrter irnirrrirls. Otlrer plovers feed in grass-

lar-rcls and n'readows somc clistance from the water.

I'hcre are twelve sprecics ol plovers in North
Anrerica. C)r-re o1- tl'rc most cornnlon plovcrs is thc

killdecr. It gron,s to about 8 in. [20 cm] long.

PLOVER

The killdeer is a type of
plover. lt is shown here
pretending to have a broken
wing, a trick it uses to tempt
predators away from its
nest.

Killdcer hrrve brorvn r.,'inqs. wlrite bcllies, and tu,o

black bands rlroLrnd their necks. All plovers are

strong fliers. fhe Anrerican goldcn plover, a birc.l

abclr.it rlre size of a robin, sprcncls thc sunrnrcr in
the Arctic but f'l ies to southenr Sorrth America for
the winter. 'fhis is one of the longest bird migra-
tiorrs knclwn.

Scr tlso lllRI); \ll(,RA'l l()N.

PLUM
Ftur* urm poputar iood-s are OrieO pturr, ruttrO prnrt
ln the United States, most plums are grown in California.

PLUM 1'he pltrrl is a fruit-bearinq tree belong-

ing to the rose familv, Rosaceae (see R()SF FAMII-Y).

Its fruit, which can be as large as rr peach, is round
or oval ;rnd contains a single seecl enclosed in a

woody stonc or pit. l'he thin skin mav be purprle,

blue, red, yellow or grcen. 
.fhe 

flesh of the plum
can be eaten fresh. The plLrm tree, which gror,r's irr

temper.rte regions arouncl thc world, can be low
ancl shrubbv or grow to 30 fi. [9 m] high. '1-he

flowers are whitc or pink.
Almost two thousand varie ties of plum are

known. J'he five most common plr-rn'rs arc the
L,uropean plum, the Japanese plum, the American

plLrm, the danrson plum, rrnd the ornrrmentai
plunr. Sotne of these varietie.s are usccl to makc jel-

lies, jirnrs, and plum butter. Dried plums are known
as prLlnes. I)runes have a high sugar content.

In the Unitccl States, most plums and pruncs are

grown in Califbrnia. Oregon. \X/ashington, Idaho,

and Micl'riean are other states r.vhere plums are

grown fcrr rnarkct.

"?
.r.'"
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PlLrto is the planct next to Neptune. It is normally

the farthest planet from the sun (see PLANET). Percival

Lowell, an Arnerican astronomer, believed there was

a planet beyond Neptune. Hc based his belief on

Neptune's unusual orbit. ln 1930, Pluto w:rs discov-

ercd by Olyde Tbmbar-rgh, an assistant to Lowell (see

LO\\'t-l.t-, PLRCI\Al.; I OMBALJCH, (ILYD[, \(/ll.l.lAM).

Pluto cannot be seen without a strong telescope.

Pluto is the sn-rallest planet. Plr.rto's diameter is

between 1,500 and 1,800 mi. 12,400 and 2,900

km]. Pluto is, on average, arbout 3.66 billion mi.

[5.89 billion krll from the sun. Pluto takes a little
more than 248 years to make a fr"rll orbit around the

sun. For about 20 years every 248 years, Pluto's

orbit is inside Neptune's. Most recently, this period

COMPOSITION OF PLUTO

Pluto is the smallest planet and the planet that is normally
farthest from the sun. Astronomers believe that Pluto
probably has a rocky core covered by a thick layer of ice with
a thin crust of frozen (solid) methane. Charon, Pluto's moon,
is a little less than half the size of Pluto and very close to it.
The pair are sometimes regarded as a binary planet system.

PruTo
began in 1976. Pluto will again be the most distant

planet in 1999.

Very little is known about the surface of Pluto. Its

tiny size and great distance from the earth make

Pluto the most difficult planet for astronomers to

study. Pluto consists largely of gases. Scientists

believe that the average temperature of Pluto is near

absolute zero, which is -459.67"F l-273.15"C].
This low temperature would cause most of the

gases on Pluto to be frozen.

Until 1978, Pluto was thought to have no nat-

ural satellites. However, on June 22, 1978, James
\il/. Christy, an American astronomer, discovered

that Pluto has a moon. Christy named the moon

Charon. Charon has a diameter of 500 to 600 mi.

[800 to 965 kml. It orbits Pluto every 6.4 earth'

days, the same time it takes Pluto to make a com-

plete spin on its axis. Charon is about 12,000 mi.

[19,300 km] from Pluto. Some astronomers
regard Pluto and Charon as a binary planet
system.
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PLUTONIUM (ploo to'ne am) Plutonium (Pu)

is a radioactive metallic element (see l.t.i-.ttnNT;

RADIOAC'I.tV[t'v). Plutonium is the only rransuranic
element that occurs naturally (see TR{NSURANIC

ELEI\,IF.NT). Before this fact was discovered, a team

of American scientists headed by Edwin McMillan
made the element artificially in 1940.

Fifteen isotopes of plutonium have been discov-
ered (see ISO'I'OPF-). The longest-lasting plutonium
isotope is plutonium-239.It takes 24,100 years for
half of a given amount of this isotope to decay (see

HALF-I.IFE). Plutoniun-r is used as a fuel in some

nuclear reactors as well as in nuclear weapons
(see Nuct.EAR tNL,RGy; NUCr-r,-AR \(/uApoNS).
Plutonium-238 was used as a power source
for equipment placed on the rnoon during the
Apollo missions (see Rlot-Lct pRoJr-.cr).

Plutonium isotopes are extremely poisonous and
radioactive. Therefore , disposal of waste products
from nuclear reactors and nuclear weapons that use

plutonium poses grave problerns.
Plutonium's atomic number is 94. It melts at

1,184'F [640"C] and boils at (r,260"F [3,4(r0"C].
Its relative density is 19.8.

See dlso RELATIVE DI,NSITY.

PNEUMATICS (no-o mirt'iks) Pneumatics is

the branch of rnechanics thar deals with the behav-

ior of compressed gases. In rhe sevenreenth century,

PNEUMATICS

The pneumatic wrench, used for tightenlng nuts and bolts,
is an example of the many industrial tools that work using
compressed air.

the Italian scientist Evangelista Torricelli studied

the effects of atmospheric pressure. As a result of
Torricelli's work, practical air pumps that could
compress air were built. Modern pneumatic devices

that work with compressed air include riveting
hammers, jackhammers, sandblasting equipment,
auto garage tools, and dental drills. Compressed air
is also used in some vehicle braking systems and to
fill tires.

See also BRAKE; GAS; MECHANTcS.

PNEUMONIA (no-o mon'ya) Pneumonia is a

lung disease that is usually caused by pathogens

such as bacteria or viruses (see I,A-I'HOGnN). It may

also be caused by exposure to radiation, such as X
rays, or by breathing in chemical fumes or powders.

Pneumonia causes the alveoli (air sacs) of the lungs

to become irritated and inflamed (see INFLAMMA-
't'tON; l.uNG). \When this happens, white blood cells

enter the alveoli to fight the infection. The symp-

toms of pneumonia include chills, fever, chest pain,
coughing, and difficulty in breathing. Frequently, a

person with pneumonia coughs up rust-colored
phlegm-mucus thar contains blood from the irri-
tated lung tissues. The symptoms usually last for a

week to ten days until the body's immune system

gets the infection under control (see tli,tl'luxlrv).
Antibiotics have greatly reduced the number of
deaths due to pneumonia (see eNltelortc).

Pneumonia is most commonly caused by bacteria

called Streptococcus pneumonias, also called pneu-
mococci (see BACI'l'tRtn). Pneumococci are presenr

in the bodies of many healthy persons, but the
immune system usually can keep such bacteria
under control. If the body becomes weakened

because of surgery, exhaustion, or illness, the pneu-
mococci can quickly overcome the body's defenses

and cause pneumonia. Another bacterium (singu-

lar of bacteria), called Mycoplasma pneumonias, also

causes pneumonia. The body develops an immu-
nity to this bacterium, so it does not usually affect
a person more than once.

Pneumonia is a serious disease that should always

be treated by a doctor. The patient should get
plenty of rest, fluids, and fresh air. In addition, he

or she should avoid contact rvith other people.
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Viral and bacterial pneumonia are very conta-

gious (catching). 'Ihe pathogens become airborne

when a person who has pneumonia coughs,

sneezes, or spits. As a result, Pneumonia can

quickly bccome epidemic.

See AISO DISE,ASF; L,PIDF,MIC; INFEC'I.ION; VIRUS.

POISON (poi'zan) A poison is a substance that

causes irritation, injury, sickness, and possibly

death. The study of poisons is called toxicology.

Corrosive poisons-poisons that slowly eat away

at something-kill living tissue that they touch. A
person who swallows this type of poison may

destroy the lining of the mouth or throat. Lye

(sodium hydroxide) is an example of a corrosive

poison (see CORROSION; I-YE).

Irritant poisons cause swelling and soreness of
the mucous membranes, such as in the nose,

stomach, and intestines (see MUCOUS MEMBRANE).

Irritant poisons may also damage nerves (see NeR-

vous SYSTEM).

Systemic poisons attack the nervous system and

other important organs, such as the liver and heart'

For example, strychnine damages the nervous sys-

tem, causing convulsions (sudden, uncontrolled

muscle movements) and making it difficult for a

person to swallow (see CONVULSION). Many drugs,

taken in large doses, are also systemic poisons (see

DRUG).

Poisonous gases make it hard for a person to

breathe and can sometimes cause death. Some gases

irritate the eyes, nose, or skin. Carbon monoxide is

a particularly dangerous poisonous gas because it
has no odor and does not cause irritation and so is

difficult to detect (see caRnoN MONOxIDE).

Carbon monoxide can cause a person to lose con-

sciousness and die.

Food poisoning can come from eating certain

chemicals or organisms and their poisons. For

example, chemicals such as insecticides can cause

food poisoning. \When organisms make a poison'

the poison is called a toxin. Botulism is poisoning

caused by a toxin that certain bacteria make.

Botulism can cause paralysis and death (see BorL'-

LISN,I; FOOD POISONING; 
.I-OXIN).

All cases of poisonings are se rious medical

POI

emergencies. A physician or poison control center

should always be consulted as soon as possible

when poisoning is suspected. There are many

treatments for poisoning. Each is effective for spe-

cific types of poisons (see rtnsr ruo).

Treatment sometimes includes giving an antidote

to the victim. An antidote blocks or weakens the

effects of the poison. Some antidotes, such as ipecac

syrup, cause a person to vomit. This rids the stom-

ach of the poison. However, if a person has swal-

lowed a corrosive poison, such as lye, vomiting will

cause additional damage to the lining of the esoph-

agus, throat, and mouth. In such cases, patients are

sometimes advised to eat food that will absorb the

poison.

The United States has over one hundred
regional poison control centers. Tiained special-

ists at poison control centers answer emergency

calls twenty-four hours a day. Most phone books

list emergency phone numbers for the nearest poi-

son control center.

The strongest poisons are not usually found in

the home or other e veryday surroundings.
However, over 92 percent of the over 2 million poi-

sonings each year occur at home. 'I'he misuse of
common household substances-such as alcoholic

beverages, cleaning products, cough and cold reme-

dies, cosmetics, prescription medicines, and vita-

11i115-6xu5es many poisonings.

POISONOUS PLANT There are about seven

hundred species of poisonous (poi'za nas) plants in

the United States and Canada. Some are harmful

only if they are eaten. Others give off poisonous

substances when they are merely touched (see t'ol-

soN). Some spread pollen or other substances that

cause an allergic reaction in certain people (see

AI-LERGY). In some poisonous plants, the whole

plant is harmful, while in others, only parts of the

plant are poisonous. For example, the leaf stalks of
rhubarb are a popular vegetable. The leaf blades,

however, are poisonous (see RHUBARB).

Many poisonous plants have a bad taste or smell,

and it is easy to recognize and keep away from

them. Others, though, are very Pretty and are often

grown as decorative plants. The mountain laurel,
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for example, has bear.rtiflul pink or white flowers.

This flower is the state flower of both
Connecticut and Pennsylvania. However, the
flower is poisonous.

Although many plant families have poisonous

species, the main ones .lre the crowfoot, night-
shade, and spurge families (see c:nowrt)OT FAN4llY;

NICH'I'SHAI)F- IIAMIIY; SPL]R(]IJ FAMIT-Y), MANY Of thc

poisons in these plants are alkaloids (see AlKAlOII)).
Frequently, these poisons arc very useful as medi-
cines if usecl in small amounts.

The most deadlv of the pc.risonor-rs plants is the

rosary pea. lt is often uscd as a bead in making
bracelets or rosary beads. lf a person eats even one

seed from this plant, he or she can die. 'l'he olean-

der plant has becn known to kill people who used

it as a stick to hold rneat when cooking over a fire.

The poison can pass fronr the stick into the n'reat.

Many kinds of mushrooms, which are actually
fungi rather than plants, also are deadly poisonous
(see vusunt)oM).

Several plants belonging to the group of plants
called sumacs arc poisonous (see suMAc). The best-

known poisonous sunlacs include poison ivy, poi-
son oak, ancl poison surnac. Poison ir,y grows in the

eastern and central United States. Poison oak grows

on the northwest coast of the United States. Poison

surnac grows in the Unitecl Statcs from New
England to Minnesota ancl from (ieorgia to -Ibxas.

Poison ivy and poison oak look similar. Both

plants have three notched leaflets on each leaf stalk.

Two of these leaflets form an opposite pair near the

encl of the stalk. 'fhe third leaflet is at the end of the

stalk (see I.F,AF). The leaflets are red in the spring.

shiny green in the summer, and reddish orange in
the fall. The poison sumac plant has many leaflets

on each leafstalk. Its leaves are dark green and turn
reddisl-r orange in the fall. All three plants grow
small flowers and white berries.

The tissues of the plants produce a poisonous oil.
If it is not washed off the skin within an hour or
two after the person touches the plant, the oil mav

cause itchy inflammation (redness and sorcncss)

that may last for more than two weeks. If the plants

are burned and the smoke is breathed in, the oil
may cause serious irritation of the lungs.

Many poisonous plants look similar to plants that
are not poisonous. It is best not to touch or eat any

plant unless you are certain it is not poisonous.

POISONOUS PLANT

Plants that are poisonou-
include the foxglove (above)
and yew (top left). Both
contain toxins that affect
the heart. The leaves of
rhubarb (left) contain
poisonous oxalic acid.
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POLAR BEAR The polar bear is a large, white'

bear living in cold arctic regions such as Alaska,

Canada, Greenland, and Siberia (see nunn). The
male polar bear may grow as tall as 8.25 ft. [2.5 m]

and weigh as much as 1,000 lb. 1455 kg]. This bear

has thick, white fur, which serves both as camouflage

and as protection from the cold (see cAMOUFLAGL,).

The bear also has a thick layer of fat to keep it warm

and to help it float. It spends a lot of time in the sea.

The head of the polar bear is small in comparison

with its long neck. These features help the bear swim

efficiently-3 to 6 m.p.h. [5 to 10 kph]. The polar

bear has pads of hair on its feet. This hair helps the

bear walk on ice and protects the feet from the cold.

The polar bear is a very good hunter. It can spot

prey (something that is to be killed for food) from
a great distance. It is able to run 25 m.p.h. 140

kphl. This is fast enough to catch up with most

prey on land or on the ice. Unlike other bears, the

polar bear almost always eats meat. Its diet is made

up of seals, walruses, fish, and any dead sea animals

that may have washed ashore.

Female polar bears give birth to one or two cubs

(babies) during the spring. By the end of the sum-

mer, these cubs can take care of themselves in most

ways. However, before they are independent, the

mother is very protective and will try to kill anyone

or anything that she thinks might hurt her cr-rbs.

Polar bears have been hunted for their meat, hides

(skins), and bones. By the early 1970s, they were

declared an endangered species-a species in danger

Wii

Polar bears are large bears that live in arctic regions, such
as Alaska, Canada, Greenland, and Siberia.
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of becoming extinct (see LNDAN(;ERL,l) Sl'eCIES). The

United States, Canada, ancl other countrics now

have laws against the hunting of polar bears.

POIAR FRONT A polar lront is where the cold

air of a polar region that is flowing toward the equa-

tor meets the warmer air that is closer to the equa-

tor and flowing toward the pole. Polar fronts form

near both the North Pole and tl-re South Pole and are

cloudy, rainy areas. tWinds known as jet streams

form above then'r (see JL,'l'S'1RIAN{; \fllNl)).

The cold polar air stays close to the ground because

it is denser than the warmer air, which rises above it.

As the air masses pass one another, they form com-

plex frontal systems (see r\tR MASS). Ir-r the Northern

Hemisphere, the cold polar winds from the northeast

meet the warm tropical winds from the southwest.

Much of the weather of North America and north-

ern Europe is determined by this constant activiw
See also CIOLI) FRONT; FRON l; \(ARM FRON'I'.

POIARIZED LIGHT Polarized (po'la rizd')

light is composed of orderly waves that vibrate in

one direction only. In this way, polarized light is

different from ordinarv light. In ordinary light, dis-

orderly waves vibrate in all directions at right angles

to the light beam (see Ltc;tlT; vAVL,).

In the sea, waves movc across the surface of the

water. Howeve r, the water just bobs up and down as

the wave moves over it. The water itsclf cloes not

move forward or backward. If the waves are moving

in a straight line across, and the water is moving in

a straight lir-re up and down, the rwo lines meeting

make a right angle. This kind of wave motion is

called transverse wave notion. Light also travels in

a transverse wave. It vibrates (moves from side to

sidc) in a plane (a.n imaginary flat surface) at right

angles to its direction olrnotion. Usually, the vibra-

tions are in any direction in that plane. However,

sometimes the light vibrates itr one direction only. lt
is then called plane, or linearly. polarized light.

Plane polarized light can be mmde in cliffercnt

ways. tWhen light hits glass, part of it is reflectecl

(thrown off), ancl part of it goes into the glass (see

I{l-Ft.F.(.-flON ot l.l(ll I'l').'l'he light that goes into the

glass is bent throtrgh an angle. This is c,rlled

St
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refraction (see RL-FR{crloN oF LIcHT). The ray that

goes into the glass is called the refracted ray' If the

reflected and refracted rays are at right angles to each

other, then the reflected ray is plane polarized.

Certain materials polarize light that passes through

them. An example is Polaroid plastic sheet. This plas-

tic lets through only light that vibrates in a certain

direction. Because of this, the light is polarized when

it leaves the Polaroid sheet. Polaroid sheet is used in

sunglasses to lessen the glare of the sun and in camera

filters to make clouds stand out clearly against the slq,'

There are othcr kinds of polarization besides

plane polarization. Sometimes, the direction of
light vibration moves around in a circle as the light
wave moves along. This is called circular polariza-

tion. The vibration can also move in an oval shape

called an ellipse. This is elliptical polarization.

POIAROID CAMERA (po'1a roid'kim'ar a)

The Polaroid camera takes, develops, and prints its

own photographs in a matter of seconds or min-

utes. This "instant" camera was invented by Edwin

H. Land of the United States. The first Polaroid

camera was sold in 1948. It took only black-and-

POIARIZED LIGHT
Much ofthe light reflected
from a window (far left) is
polarized. By putting a

polarizing filter in front of
the camera lens, the
photographer can block
polarized light and take a

photograph that has no
reflections (left).

white photos. Later, another model was built that

could take, develop, and print color photos.

Polaroid cameras are loaded with a double picture

roll. One part is a negative roll of film and the other

is a positive roll of special printing paper. Small

pods (containers) of chemicals are joined to the

positive roll. After exposure to light through the

lens of the camera, the negative and positive rolls

are made to pass through a pair of rollers inside the

camera that break the chemical pods. The chemi-

cals flow over the exposed portion of the negative

roll and develop a negative image on the roll. More

chemical reactions happen between the pod chem-

icals and chemicals that coat the positive roll, and a

positive photograph is made. This process takes

about ten seconds for a black-and-white photo and

up to a minute for a color photo. Early Polaroid

models needed more developing and printing time

than one minute.

There are now many different models of Polaroid

cameras. Polaroid film has also been developed that

can be used in cameras made by other manufactur-

ers. The original Polaroid films consisted of a dou-

ble roll of negative and positive sheets. More
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recently Polaroid film packs and shect films have

been developed. Because of the speed with which

photographs can be developed, Polaroid cameras

and film are widely used by both professional and

amateur photographers.

See also CAMERA; PHOl'OGRAPHY.

POLE The word pole has many scientific mean-

ings. The two points where a planet's axis of rota-

tion intersect the planet's surface are called the

geographic poles. The celestial poles are the points

in the sky where the earth's axis, if continued,
would pass through the celestial sphere (see clt.ns-
l'tAL sPHF,RE). In the Northern Hemisphere, the

celestial pole is located near the North Star. A mag-

netic pole is a point where magnetic lines of force

leave the magnet or the magnetically charged

object. Opposite magnetic poles attract each other,

while like magnetic poles repel each other.

See also MAGNF.t'tsM.

POLECAI The polecat is a mammal belonging

to the weasel family, Mustelidae (see uaullRt.). It is
native to Europe and Asia, but it is closely related

to the North American weasel and mink (see MINK;

wL.ASEL). Like the mink, the polecat can discharge

a strong odor at will.
The polecat prefers wooded country. However, it

sometimes lives on coastal sand dunes and on open

POLECAT

Like its relatives the mink
and the weasel, the polecat
will eat anything it can
catch. Domesticated
polecats are called ferrets.

POL

hillsides. The polccat makes its home in a hole in
the ground or in a tree. The animal's main food is

rabbit. However, the polecat also earts rats, mice,

eels, frogs, snakes, birds, and eggs. The male pole-

cat is about 22 in. [56 cm] long, inclr-rding its tmil.

Female polecats are a little shorter. Er,rropean pole-

cats have long, blackish purple, shiny fur and a

white pattern on the face. At one time, polecats

were common throughout Europe. However, many

polecats are killed because they attack some farn'r

animals and game birds. Ferrets are don'resticated

polecats with paler fur. 'fhev were once used for
hunting rabbits but are Irow kept as pets.

POLIOMYELITIS (p,o'le o mr'a lr'tis)
Poliomyelitis, or polio as it is comtnonlv called, is a

disease caused by a virus (see vIRUS). Usually, peo-

ple who are infected have few symptoms or none at

all. Somc people may have a heardache or a sore

throat and leel as though they havc a cold. In about

10 percent of people, however, the disease becomes

very serious. The virus attacks the nervous systen-I

(see NERVOUS SYSTEM). it may attack motor nerves

(the nerves of movement) where they lcave the

spinal cord. Because of this, groups of muscles may

become paralyzed (see laru+t.vsrs). 
-fhe virus may

damage the brain instead or as well. If polio only

affccts the spinal cord, it is called spinal polio. If the

disease affects or-rly the brain, it is called bulbar

polio. In its most serious form, polio affects both

regions. This is spinobulbar polio.

\7hen the spinal cord is damaged, bodv move-

ments below the neck are affected. All groups of
muscles are not paralvzed at one tirnc. There rnay

be paralysis of the arms onlv, the legs only, or of just

one limb. \7hen the nerve centers of the brain are

attacked, the muscles of breathing and swallowing

may be paralvzed. People with breathing difficul-
ties were once helped by mearns of the "iron lung,"

a kind of artificial respirator in which the person

was placed. Today, improved kinds of artificial res-

pirators help the person breathe.

People with paralysis can be helped by physical

therapy (see I'HYSIOTHI-,RAPY). Paralyzed limbs may

be helcl up by splints. Sometimes, surgerv can help

relieve paralysis. Many times, the paralysis
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disappcars or partially disappears on its own, a few

weeks or months after the onset of the disease.

Belore vaccines were developed to give protection,

as mar-ry as 58,000 people were affccted by polio in a

single year. The first polio vaccine was made by Dr.

Jonas E. Salk in 1955. Later, Dr. Albert B. Sabin

developed vaccines that could be swallowed rather

than taken by injection (see SABIN, ALuL,Rl' BRUCF.;

SALK, JONAS ED\X/ARI); VAC(IINATION). These and

other rypes of polio vaccines have been used to give

immr-rnity to most of the people in the world (see

IMMUNT't Y). Toc{ay, fewer than five hundred people a

year arc infected with polio.

See also I)ts[ASF.; I NFL,c.'l'toN.

POLLEN Pollen is a yellowish powder that is

made r-rp of pollen grains that produce the male

gametes of flowe ring plants and conifers (se e

c;Al\4E'l'h). The pollen grarins are made in thc anther

of the stamen, which is the male part of a flower, or

in pollen-bea.ring cor-res (see CoNIFF.R; rl.owtR). L-r

scxual reproduction, a male gamete, produced by a

pollen grain, fertilizes an egg produced within an

ovule (see FtrRl'tt.t1-Al'lc)N).

The shape and structure of pollen grains are

different in each species. All the pollen grains nrade

by any one species, however, are alike.

Pollen grains vary in size fiom about 0.0002 to
0.01 in. [0.005 to 0.25 mm] in diameter. Thcy
have thick walls that erre resistant to cl'rcn'ricals as

well as to very high or low tenrperatures. This

allows the pollen grains to survive harsh cnvir..rn-

mental conditions for long periods of time. Sonre

pollen grains have been able to pollinate plants

aftcr having becn stored lor more than ten vears.

Many types of pollen are scattered by the wind.

The grains are usually lightwcight and are macle in

great numbers. Somc grains hatvc been found ars

high as 3 mi. [! krn] in the air ancl more than 100

mi. [160 km] away fronr the plant that nacle them.

A single male (staminate) flower may tnake more

than 50 million pollen gr:rins. Althor-rgh n'rosr of
these pollen grains arrc lost in the wincl, their great

numbers makc it almost ccrtain that some rvill
reach and pollinate other flowers (see P()l.l.lNr\-
't'toN). Pollen grains floating in the air:rre the cause

of many cases of hay fcver. Hay fcvcr is an allergv to

airborne pollen (see ttRY lrt-.\/t--t{).

S ee a /s o At.t.F.l{(lY; AN( ; I ( )s l' trl{N4 ; ( iYNI N ( )S l)F-lt1\ 1.

POLLEN

Pollen contains microscopic grains that are the male gametes
(sex cells) of flowering plants. Pictured here are pollen grains
of the larch (shown greatly magnified, above), and also
sticking to the petals of female larch flowers (left).
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Pollination is the transfer of pollen from the male

structure to the female structure of the same plant

or a different plant of the same species (see

lctt-t.nN). In angiosperms (flowering plants), polli-
nation is the transfer of pollen from the anther to

the stigma of a flower (see RNGIoSPERM; rlownn).
The anther is the pollen-producing part of the sta-

men, the male reproductive structure. The stigma

is the sticky upper part of the pistil, the female

reproductive structure.

Pollination is part of sexual reproduction in
plants (see RL,PRoDucTrclN). It is usually followed

by fertilization and later by the formation of a seed

(see FERTILIZATION; Sneil).

\Zhen a pollen grain lands on a stigma of the

right kind, a chemical reaction takes place. This
causes the pollen grain to form a pollen tube. The
pollen tube grows through the style (a part of the

pistil) and into the ovary to an ovule (see ovARY;

ttvull). Two male gametes called sperm nuclei

travel through the tube. One fertilizes the egg, and

rhe other joins with two structures called polar

nuclei in a process called triple fusion. Triple
fusion results in the formation of the endosperm.
-I'he fertilized egg develops into an embryo that

Stigma

Anthe rs

Anthe rs

Stigma

I

FLOWER STRUCTURI,

The structure of a flower determines whether it is cross-
pollinated or self-pollinated. (1) lf the stigma is longer than
the pollen-bearing anthers, self-pollination is difficult and the
flower has to be cross-pollinated. (2) lf the anthers are above
the stigma, self-pollination happens readily.

CROSS-POLLINATION

Most grasses, such as the
cocksfoot grass shown left,
are cross-pollinated when
pollen from the anther (male
part) of one flower reaches
the stigma (female part) of
another flower.

MALE CATKINS

Some plants are
monoecious-that is, they
bear both male flowers and
female flowers. An example
is the silver birch. Shown
here are male silver birch
catkins (flowers) releasing
a shower of pollen. The
wind willthen carry the
pollen to the female
f lowers.

gets food from the endosperm. Together, the

embryo and endosperm make up a seed (see

EN{ BRYO; EN DOSPERN,I),

There are two types of pollination: self-

pollination and cross-pollination. Self-pollination

is the transfer of pollen from the anther of rr flower

to the stigma of the same flower. In n'rauy cases,

self-pollination happens before the blossorl even

opens. Cross-pollinatior-r is the transfer of pollen

fron-r the anther ol one flower to the stisma of
another flower of the same species. Cross-pollina-

tion makes stronger offspring than those made by

self-pollination.
Many plants have developed wavs of ensttring

cross-pollinatior-r. In somc prlants, the atrthcrs are

below the stign'r:rs, nraking 5slf-pollination cliffl-
cult. In son're flowers, the stamens rrncl pistils ripren

at different times. Sor-ne plants have ir chemical

'\.. 
i
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-POLLINATION

ATTRACTIVE FLOWERS

Many plants have colorful or scented flowers that attract
insects such as bees. When a bee visits the flower, it picks
up pollen on its body and legs. ltthen moves on and carries
the pollen t0 another flower, where pollination takes place.

barrier that prcvcnts pollen from the sarne flower
fror-n grorving if it gets on thc stigrna. Some plants

make only starlinate (rnale) flowers or pistillate
(flmalc) flowers.

Cross-pollination mrlv occur in many ways.

Many trees and sl'rrubs ancl most grasses, for exam-

ple, depcnd on the wind to carry pollen fronr
one flower to anothcr. Wind-pollinated flowers are

not brightlv colored ancl do not normally havc nec-

tar. 'l'hey usually makc larrgc amounts of light-
weight pollen. Sincc many of the pollen grains rrre

lost in the wind, the large numbers help ensure that

Pollen grain

Style _

0va ry

0vule

FERTILIZATION
After a pollen grain lands
on the stigma of a flower, it
sends out a pollen tube that
grows down the style to
reach an ovule in the ovary.
A sperm gamete that
travels along the tube
fertilizes the egg, which
later forms part of a seed.

at le:rst a fcrv will reach stigmas of othcr flcxvers.

Bircls ancl insects rrre conunon cltrriers of pollen.

When a bird feeds on tl'rc t'rectar (sweet liquid) of a

flower, sonrc pollcn rubs off on its bocly As the bird
flics from flower to flower, it sprrcads pollen. Some

bircls, such rrs humnringbirds, have adaptations for

pollinating certain f-lowcrs (see Rtl,,tl''tA'l'l()N).

Humminebirds have long, thin beaks that can get

into tube-shaped flowers. This allows the bird to
feed or-r nectar at the base ol the flowcr. 

-l'he 
pollen

gets deposited on tl're hurnn'ringbird's beak when it
visits one flower. 'fhen, when the hun-rrningbircl

feeds on anothcr flower, the pollen on its bcak is

transferred to that flower.

Insects are among the most conrmon carriers of
pollen. They may bc attrmcted to a flower by its sccrrt

or coloring. Some flowers, such as members of the

orchid {arnilv, have developed petals that look likc

female insccts (see ttltivtc:ny; ()R(tHIt) FAMII)). When

ar malc insect tries to mate with these flowers, it
spreads pollen. Some flowers neecl a specific insect

for pollination. Thc yucca, for example, can bc pol-
linated only by the yuccar moth (see YUttCA). Some

flowers, such as some n'rembers of the honeysr.rckle

family, open at night to attract nroths (see HOrl-l,v-

SLJCIKI.I-- I AM t l.Y; N(X.'l'URNAI. lll-IHAVIOR).

Pollination also happ.'ns in gymnosperns, most of
which rnakc gametes in cones (see G\n4Nt)Spnnl,l). J'he

male cone is soft and small and rnakes pollen. The

female cone is usually larger and makes ovules. Pollen

from thc male cone is carried by thc wind to the female

cone where it is held by a sticky substance near the

ovules. The pollen grain then grows a pollen tube in

which sperm cells form. One sperm cell fertilizes irn

egg within an ovule. 'I'he ovule develops into a seed,

which then matures and falls to the grouncl. There it
may gcrminate (sprout) and dcvclop into a new plant.

Scientists often use artificial methods to cross-

pollinate plernts. They carefully take arwary pollen
from one plant and brush it on the stigma or female

cone of anothe r plant. in this way, they are able to

make diffcrent varieties (see nnnl.DING). Artificial
cross-pollination also has hclped geneticists learn

morc lhout heredity.

See also (lF,NF.TICSi HL,RF-l)l'l Y; N,'lIrNDIll., C;RF.G()l{.



L, g.,r.."1, pollution is the contamination of the

environment-air, water, and land-with wastes

from human activitics. Environmental pollution
has becone a major worldwide problem. It
obstructs naturally beautiful scenery. It interferes

with normal cycles in nature, such as the food
chain, carbon cycle, nitrogen cycle, and oxygen

cycle. Because there are so lnany complex interrela-
tionships in the environment, a pollutant that
harms one part almost always affects other parts

(see lCc-lSvS't'1,N.1; LNVIRONIT4EN't'). As a result, pollu-
tion damarges or destroys plant and animal life.
Pollution also causes sickness and death among
hu.man beir-rgs.

People harve always polluted the environment.
When most people lived in rural areas and there

were no factories or cars, pollution was not much
of a problem. With the industrial revolution in the

late 1700s, the growth of cities and technology in
general in the 1800s, and thc widcspread use of
l-notor vehicles in the 1900s, however, pollution has

become a major problem.

PorLUTroN
Air pollution Polluted air damages plants, animals,

and other organisns. It has also been shown to be

a cause of many hummn illnesses, such ars cancer and

many lung diseases. Most air pollutior-r is caused by

burning fuels to release energy. Few Americans still
rely on open lires for heating ancl cooking.
However, the electricity that people olten do use,

which seems so "clean" in the home, is usually pro-
duced by burning coal or petroleum products. This
process releases gases and tiny particles called par-

ticulates into the air. Many of these gases and par-

ticulates are harmful types of air pollution.
Factories also produce large amounts of air pollu-
tion every day.

Pollution continues to grow as the population
grows (see POPUI.ATION CiRO\(/TH). Areers that are

densely populated and have much industry often

have the most serious air pollution.

AIR POLLUTION
Smoke and chemicals from vehicle exhausts can accumulate
over cities and cause air pollution, which can be dangerous
to health. This picture shows polluted air over New York City.



CAR,ELESS FIRE

Air can become polluted even in ruralareas by careless
human activity. Here a fire in a tire dump spreads clouds of
black smoke across the fields.

Although it is easy to blame other sources for air

pollution, the major cause of air pollution is the

automobile. The exhaust produced by internal
combustion engines contains carbon dioxide, car-

bon monoxide, nitrogen oxides, and sulfur diox-
ide. Nitrogen dioxide and sulfur dioxide
contribute to acid rain (see ACID RAIN). Acid rain

has damaged forests and bodies of water all over

the world. One problem in controlling acid rain is

that the pollutants it contains can travel long dis-

tances. Thus, pollution produced in one region

can affecf other areas that otherwise would not
have pollution problems.

Carbon dioxide, mainly from automobile
exhaust, is the main gas responsible for the green-

house effect. Measurements taken in Hawaii sug-

gest that the concentration of carbon dioxide in the

atmosphere is increasing by about 0.2 percent
every year (see GRETNHOUSE EFFECT). In the green-

house effect, pollution in the atmosphere helps trap

the sun's heat above the earth. This may cause the

temperature of the earth's atmosphere to rise.

Also, automobile air conditioners release chlo-

rofluorocarbons (CFCs) into the atmosphere (see

(IHLOROFLUOROCARBON). CFCs frorn automobile

air conditioners and from other sources destroy

the ozone layer (see AIMOSPHI,RE; OZONh I.AYI'.R).

The ozone layer protects the earth from the sun's

ultraviolet rays.

Since the mid-1970s, the U.S. federal govern-

ment has tried to control the pollution relcascd

from automobiles. For example, the government
has required that new cars use unleaded fuel to
reduce the amount of pollution released in exhaust.

Pollution-control devices have been added to car

engines to further reduce pollution. Car owners in

certain areas also must have their cars tested peri-

odically to determine the amount of pollutants
being released in their exhaust (see Ru't'otr'loBILE).

Nevertheless, air pollution continues to contam-

inate the air in many places. tJfeather conditions

can make air pollution in some places worse. In a

condition called a thermal inversion, a layer of
warm air traps a layer of cold air near the ground.

This keeps polluted air from dispersing into the

upper atmosphere. Dense smog is the result (see

sMoc). A thermal inversion caused the 1952
London smog, which killed more than four
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thousand people. ln the United States, the city
most severely affected by smog is Los Angeles,

California. Every year, polluted air causes dozens of
people to be hospitalized. Laws have been passed in
Los Angeles to help control pollution. These laws

include banning the use of old cars that release large

amounts of pollution in their exhaust.
-I'he air insiclc buildings can also become pol-

lutcd. The merjor source of indoor air pollution is

cigarette smoke. However, rnachinery, such as pho-
tocopying machines, and chemicals, such as sol-

vents, cern also cause indoor air pollution. Better

filtering systems and tighter regulations about
indoor pollution could help reduce the health
problems associatcd with indoor pollution.

'Water pollution Oceans and other bodies of water

provide one of the earth's richest environments for
animal and plant life. However, pollution threatens

the delicate balance of life in the oceans, because

pollution changes the water's ability to supporr lile.
Most water pollution comes from factories,

farms, and homes. Chemicals, humarn and anirnal

wastes, and many other substances are dr-rmped

into rivers, lakes, and oceans each year. Many large

cities treat sewage before it is released into a body

POLLUTION

of water (see Sh\trAiiL.'I'RL.AfMF.NT). However, even

this treated sewage may contain harmful pollu-
tants. Sometimes, the pollutants cause an unnat-
ural increase in the numbers of cerrain
microorganisns in a lake. This may speed up the

lake's natural dearh (see vtcRoctRGANISM; succFs-

SloN). Fertilizers are now the main pollutants
responsible for this problem.

Thermal pollution is caused by adding hot water

to a cooler body of water. This kills many living
organisms in the area. Thermal pollution is a major
problern near nuclear power plants (see NUCLL,AR

ENI.RCY). In order to control nuclear reacrions in

these power plants, large amounts of water are

heated to a high temperarure. Although partially
cooled, this waste water is usually much hotter than

the water into which it is poured. The warm water

kills off many organisms.

Petroleum (oil) is another maior source of water

pollution. More than 13,000 oil spills involving
varying amounts of oil occur in the United States

each year. Oil released into oceans threatens and
kills ocean life, including birds, fish, and plants.

Recreation areas are also harmed by oil that washes

up on beaches. Each year, nearly 5,510,000 tons

[5,000,000 metric tons] of oil are released into the

oceans. Most of this oil comes from industries near

coastlines that dump oil and other wastes into the

WATER POLLUTION
Garbage and chemicalwaste dumped in rivers pollute the
water and may kill fish. Artificial fertilizers used on farmland
may be washed into rivers, causing the rapid growth of
plants and using up the oxygen in the water. The result is the
same-the fish die.
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ocean. Leaks fiom offshore oil drilling and oil
tankers that accidentally spill the oil they are trans-

porting also adcl significant amounts of oil to the

water. The oil that spills into the ocean forms a film
on the water called an oil slick. One of the largest

recent oil spills occurred ir-r March 1989. A tanker

named the Exxort Vnldezspilled I I,000,000 gallons

l41,624,000litersl of oil into the water ne ar north-

ern Alaska. In June 1990, another m:rjor oil spill

occurred. A Norwegian oil tanker exploded 60 mi.

[92 kml off Galveston, Texas, in the Gulf of
Mexico. The explosion resulted in an oil slick that

was 30 mi. l4B kml long. Pcrmanent oil slicks now

can be found in many parts of the oceans, mostly

along the main routes of oil tankers.

Land pollution Much land pollution is caused by

the use of pesticides and other chemicals. Often, a

pesticide poisons nany more organisms than those

for which it was intended. Some of these poisons

are passed through the lood chain, eventually
reaching and harming hurnan beings (see FOOI)

CHAIN; PES'I.ICIDE,).

Strip mining and careless farming, construction,

and other practices lead to soil erosion (see stllL

EROSION). Eroded soiloften leads to other troubles,

such as floods or famine (widespread starvation).

Solid wastes are another maior cause of land

OIL SPILLS

0il spilled Jrom tankers
pollutes the oceans. The oil
can clog the feathers of sea
birds. This bird has been
rescued from the beach and
is being cleaned using a

d ete rg ent.

pollution. Billions of tons of solid wastes are pro-

duced each vear. For example, cars, aluminum cans,

papers, plastics, and scrap meterl end up on roadsides

or in landfills. In the late 1980s, every person in the

United States produced over 3.6 lb. [1.6 kg] of solid

waste per day. By the mid-1990s, household, munic-

ipal, and commercial wastes in thc United States

totalled around 249,000,000 tons [226,000,000
metric tons] each year. This amounts to 6.8 lb. [:.t
kg] per person per day. Some of these wastes are

biodegradable, meaning they can decay and become

part of the soil (see titoDF,GRAt)AtslLITY). Others,

such as aluminum cans and plastics, do not decay

and will remain as garbage for hundreds or tholr-

sands of years (see wAsrl DISI'OSAL).

Other kinds of pollution In many places, noise is

a major form of pollution. Noise is produced by

airplanes, cars, construction equipment, and many

other things. Installing storm windows and

absorbent material in walls helps reduce noise pol-

lution. Light pollution results from streetlights and

lighted signs. Light pollution prevents observation

of the stars and planets and interrupts the bloom-

ing cycles of some plants and the sleeping cycles of
some animals.

Pollution also exists in space. For example, thou-

sands of pieces of space equipmcnt are ir-r orbit
around the earth. 'fhis equipment includes old

rocket boosters and satellites and empty fuel tanks.

There are also clouds of burned rocket propellant.

Space pollution interferes with working space

equipment and the visibility of astronauts. Some

possible solutions include designing rocket boost-

ers to fall so that they burn up in the earth's atmos-

phere (see SPACE EXPLORAI'ION).

Pollution control Pollution control involves sev-

eral steps. Special techniques and equipment are

needed to measure the amount of polh-rtion in the

air, land, or water. Standards have to be set regard-

ing the levels of pollution that are harmful to life.

Sources of pollution have to be identified and mon-

itored. Existing pollution has to be cleaned up.

Some parts of the environment are so polluted

that they n'ray have been permanentlv damaged.
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POLLUTION

DUMPING AT SEA

These piles of trash have been brougnt in by the tide and left
on the shore when the tide went out. Most of the items have
been thrown overboard from ships at sea.

Much of this pollution occurred before peoplc
really knew the harm they wcrc cloirrg. As scientists,

politicians, and other people have beconle more

aware of the problems causecl bv polh-rtion, there

has been an attempt to lirnit future pollutior-r mnd

to clean up the pollution that already exists. The
Unitecl States Environmental Protection Agencv
(EIIA), fbrmed in 1970, has the power to sct pollu-
tion stanclards and to enforce them. Many state and

local governments have established sirnilar agencies

to control pollution. For example, some local gov-

err-rments are trying to limit pollution from cars by

encouraging people to use their cars less. Bicycles,

public transportation, ride sharing, and walking arc

all ways to prevent pollution.
Scientists are experimenting with ways to reduce

pollr.rtion. For example, at a laboratory in Bay St.

Louis, Mississippi, water hyacinths have been used

to clean waste water from homes and industries.

\7ater hyacinths grow cxtrcn'rcly fast and forrn

thick, matted root systems. As sewage is slowly fil-
tered through the root systems, the roors excrete

substances that perrtlv or completely kill pathogens
(disease-causing microorgernisrns). In addition, the

root systems provide a good environment fbr pro-
tozoans that also feed on pathogens (see

PATIIOCIIiN; I)RO'I'OZOA). About l5 acres I6
hectaresl of water hyacinths can clean up to
141,000 cu. ft. [3,990 cu. rn] of water per day.

There are many private groups and citizens'
organizations that deal with pollution problerr-rs.

Perhaps the most important way to fight pollLr-

tion is thror-rgh the ef-forts of individLrals. If each

person makes an effort to limit his or hcr activities
that cause pollution, problems can be greatlv
reduced. For example, much of the garbage that
people throw away, including alr.rn'rinum cans,

glass, motor oil, paper and cardboard, tires, scrap

metal, and some plastics, can be rccvcled (see

RIICYCLING). When something is recvcled, it is

used again either in the same form or a different
one. Some recycling cente rs pav people to bring ir-r

certain wastes.

See ako AIR; (IONSL-R\/A'l'lON ; F.Col.()(;\'.
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POLYGON AND POLYHEDRON N

polygon (p6l'e gdn') is any flat shape that has

straight edges. A more precise definition is that a

polygon is any flat, closed geometric figure that is

bounded by straight line segments.

The simplest polygon is a triangle. A triangle has

three straight edges. A polygon with four straight

edges is called a quadrilateral. A polygon with five

edges is called a pentagon. A hexagon is a polygon

with six sides, and an octagon has eight sides.

If all the sides are the same length, the polygon

is called a regular polygon (as in the ones illus-

trated). A square is a regular polygon. Certain
polygons can be fitted together exactly, without
leaving spaces between them. 'fhis is called tessel-

lation. Examples of tessellation can be seen in tile
patterns. The only regular polygons that tessellate

are the triangle , the square, and the hexagon.

ffiffiffi
A polyhedron (pdl'e he'dran) is the solid (three-

dimensional) equivalent of a polygon. Its faces are

all flat and are polygons. If the faces are regular

polygons, the polyhedron is called a regular poly-

hedron. A common example of a regular polyhe-

dron is a cube. Its faces are all squares. There are

five regular polyhedra (plural of polyhedron). Three
have triangular faces: the tetrahedron (four faces),

the octahedron (eight faces), ar-rd the icosahedron

(rwenty faces). The other two are the cube, which

has six square faces, and the dodecahedron, which

has nvelve pentagonal faces.

POL}'HEDRON
Pictured here are five polyhedrons. The simplest are the
cube, with six faces, and the tetrahedron (a triangular-based
pyramid), with four faces. An octahedron (resembling two
square-based pyramids base to base) has eight faces. An
icosahedron has twenty triangular faces, and a dodecahedron
has twelve penta gonal faces.

A polyhedron can be made by drawing the faces

on a flat surface. The faces have to be drawn so that

they join in the right way. The figure can then be

cut out and folded to make a polyhedron.

An interesting relationship exists between the

faces, vertices, and edges of a polyhedron. Vertices

are the points on the polyhedron. If the number of
faces is 4 the number of vertices V, and the num-
ber of edges E, then

F+V=E+2

For example, a cube has 6 faces and 8 vertices, and

this makes 14. A cube has 12 edges, and 12 + 2 is

also 14. This law holds for all polyhedra.

Cu be Tetra hed ron

0ctahedron

I c osahed ron Dodecahedron
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A poly-.r (p6l'a mar) is a compound (chemical

substance made up of two or more elements)

formed by the process of polymerization (see PoLY-

MERTzATION). Polymerization is a chemical reac-

tion that links many smaller molecules, called

monomers, into a larger chainlike molecule, called

a polymer. Most polymers contain carbon because

carbon allows molecules to link together in chains

more readily than other elements.

Starch, cellulose, and protein are examples of
polymers that occur in nature. Nylon and synthetic

POLYETH}'I-ENE

Thin polyethylene tubing for
making plastic bags and
sheets is made by shaping a

tube (bottom right of
photograph) using hot air.
The tube dries rapidly and
can be folded.

PorvunR
(human-made) resins, such as polyester, are

examples of polymers that people make. Most

common plastics, such as polyethylene, Teflon,

polye thylene derivatives, polystyrene, and

polyurethane, are synthetic resins (see NvLoN; t't.es-

TIC; RtsSIN).

Polyethylene Polyethylene is a common synthetic

polymer. Low-density polyethylene is made by

heating ethylene gas to about 392'F [200'C] at

very high pressure, usually more than a thousand
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POLYMER

times that of atn-rospheric pressure. J'he resulting

polymer is a molecnle that is made up of short
chains with many branches. l.ow-density polveth-
ylene is used to make plastic wraps and bags for
food. Low-density, polyethylene is also used tcr

make buckets, bowls, ancl "squeeze" bottles.

High-dcnsity polvethylene is a heavier, nore
rigid type. High-densitl' polyethylene is produced

at fairly low temperatures (158"F [ZO"C]; in the

presence of a catalyst. The pressure is only slightly
more than atnrospheric pressure. High-density
polyethylene is a molecule that is made up of long
chains with few branches. It is used to make bottles

for liquid bleaches and buckets and bowls that
must withstand boiling water.

Teflon Teflon is the trade name for another poly-
mer made from ethylene called polytetrafluo-
roethylene (PTFE). If all the hydrogen atoms in
ethylene are replaced by fluorine atoms, rhen
tetrafluoroethylene is formed. \7hen tetrafluo-
roethylene is polymerized, polvtetrafluoroethyl-
ene is formed. PTFE is used to make nonstick
coatings for certain cookware. PTFE coatings on

tools, such as sawblades, help keep them from
sticking to the materials on which they are being

used. PTFE coatings are also used to help insulate

the roofs of large strllctures, such as sports arenas,

without adding much extra weight.

Polyethylene derivatives A chemical derivative is

a substance obtained from another substance or
substances. Polyethylene derivatives are formed
when ethylene is polymerized with other sub-

stances. Pollvinyl chloride (PVC) is one polyeth-
ylene derivative. It is formed by polyme rizing
ethylene with a chloride. A chloride is a com-
pound that contains chlorine with one other ele-

ment, usually a metal. By itself, PVC is britrle. lf
a substance called a plasticizer is added, PVC
becomes flexible. Flexible PVC is used to make

dolls, floor coverings, raincoats, shower currains,

and wire insulation. If only a small amount of
plasticizer is added, the PVC is more rigid. Rigid
forms of PVC are used to make plumbing pipes

and siding for buildings. PVC can be used as an

insulator for electricrrl wiring (see lNSLJl.All()N).

PVCI also resists attack bv acids or Lrascs and so is

used to makc pripes ancl basins fbr thc chernical

inclustry (see,\ctlt r; IIAStr).

Polyester l)olycstcr is firrrncd bv rhc reaction of
two compounds, cthl,lcnc glycol (an alcohol)
and terephthalic acicl (an organic, or carbon-
containing, acid). Alcohols and organic acicls

react to make compounds called esters (see

F.S'l'F.l{). \When tl're ester cornpouncls are prolvrler-
izecl, polvester is fbrmed. 'l'he polyester molecule

can be rneltcd ancl passecl through a spinneret. A
spir-rneret is a machine that contains very small

holes, from which the polyester can be clrlwn into
long fibcrs (scc EXTIILISION; FlBF.l{). Polycster fab-

ric does not wrinkle easily. lf it is heated ar-rd

pressed at the same time, polyester forn'rs a per-

manent crease. It is widely usecl to rnake clothing.
Polyester is not affected bv strnlight, so it makes a

good material for curtains that would otherwise

ladc in the sunlight.
Polyester resins are also used to make fiberglass, a

strong, rigid mater-ial used in making surftioards

and the bodies of boats ancl cars (see ttttt ttc;lass).

Polystyrene Polystvrene is a polymer made from
the joining ol styrene molecules. Styrene is maclc

from two compounds-glhylgns and benzene (see

BF-NZF-NI--). In the presencc of a catalyst, these react

to form the compound ethyl benzene. Ethvl ben-

zene is heated and bror-rght into contact with a

metaloxide (a rnetalcombined with oxvgen). Sorne

hydrogen atorns frorn ethyl benzene are removed,

leaving the compound sqrrene.

Polystyrene is used to make plastic nrcasLlring

cups and some clear kitchenw:rre. High-impact
polystyrene is polystvrene mixed with artificial
rubber. It is used to line refrigerator-s. Expanded

polystvrene , also callecl polvstyrene foam, has tiny
air bubbles trapped inside it, rnaking it very light-
weight and r.rseful lor packaeing material and

insulation. Many types of ceiling tiles a.re made

from polvstyrene.

Restaurants and cafcterias often use polystyrenc

foam cups, trays, and contariners. This tvpre of
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NONSTICK PAN

The nonstick coating on
cookware (above) is made
of polytetrafluroethylene
(PTFE), better known by its
trade name Teflon.

\TATERIROOF FABRIC

This little girl, who is
peeping out from behind her
toy, is wearing a raincoat
made from flexible polyvinyl
chloride (PVC), a completely
waterproof fabric. The
child's boots are also made
from a polymer, in this case
a tVpe of artificial rubber.

polystyrene foam is often called bv its trade name,

Styrofoam. The manr,rfacture and use of some

polvstyrene foam gives off chlorofluorocarbons
(CFCs), which destroy the protective ozone layer

of the earth's stratosphe re (see ATiUOSPHF-RL,;

CHLOROFT-UORCARBON; OZONE LAYLR). Since the

1980s, some manufacturers have changed their

processes, so that CFCs are not given off. Another

problem with disposable polystyrene foam, as

with other plastics, is that they do not decay.

Scientists hope to find ways to reuse polvstvrene

foam and other plastics. Construction began on

POLYMER
**m

the first recycling plant for polystyrene foam

products in 1989 (see Rt-c-vc:l-lNc').

Polyurethane Polyurethane is a plastic pol,vmer

that is made by combining certain organic com-

pounds with other compounds such as glvcols.

A glycol is a type of alcohol. Polyurethane has

several forms. One type is a light, stretchable

foam. It is used in clothing and upholstery.
-l-he 

othe r type of polvurethane is a hard foam. It
can be made into furniture and used to insulate

buildings.
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POLYMERIZATION (pol'a mar i za' shan)

Polymerization is a chemicrl process in which small

molecules join together to form much larger mole-

cules called polymers (scc J\{{)LhciUI.F.; Pc)LYMh,R).

Polymerization of natural products, such as the con-
version of glucose into starch or olamino acids into
protcins, takes place by the eliminatior-r of warer as a

by-product of the process. Polymerization of srnall

molecules into synthetic larger polymers, such as

polystyrene, takes place by adding one molecule to
the other without eliminating a by-product.

Natural polymers are formed at ordinary rernper-
atures by the action of catalysts called cnzymes (see

CATAI.YSI-; ENZYMI-.). Synthetic (human-made)
polymers frequently require high temperarures,
high pressures, and catalysts for their formation.
See also Al t)M; COMPOUNI).

POLYMORPHISM (pol'e m6r'1iz'am) Poly-
morphism is the existence of two or more distinct
forms of a single species of organism in the same

population. The best examples are the social
insects, such as bees, ants, and termites. Each com-
munity contains queens, males, and one or more
kinds ofworkers. Polymorphism also occurs among
other insects, bacteria, jellyfish, molds, and proto-
zoans. The differences berween the forms may be

thc result ol genctic or envinlnmental firctors, or
both (scc I lHtl:l)llY).

Dimorphism is a type of polymorphism in which
there are two distir-rct fbrrns. 

-[-lrc 
most common

example is sexual dimorphisrn, in whicl'r thc n'rale and

the female of a species are marl<edly clilferent in
:rppearance. Diflerent breecls or races of arry ,tr.rc

species of organism are not considered to be examples

of polyrnorphism because they do not live togerhcr.

See also BRF.EI)INC;.

POLYP (pol'ip) A polvp is rhc shape that ccrr;rin

animals, such as those belonging to the phvlLrm

Cnidaria, have during all or part oltl'reir lives (see

(lNll)AI{lA). Polyps are shaped like a vasc, with ar-r

opening at the top. Food gocs into, ar-rd wastc prod-
ucts leave by, this opening, or mourh. The rnouth
is surrounded by arms called tentacles. 'l'here may
be stingers called nematocysts on thc tentacles. 'l-hc

nematocysts are used for protection and lor captur-
ing prey. Adult sea anemones, corals, ancl hydra are

polyps.
-fhe 

other body shape that members of the phv-
lum Cnidaria have is called a nredusa. This shapc is

like that of a polyp turned r-rpside-down and short-
ened. Adult jellyfish have this shape. Many yolrng
jellyfish go through a polyp stage.

POLYMORPHISM

Marked differences between males and females of the same
species is called sexual dimorphism, which is one type of
polymorphism. Shown here are female and male European
golden orioles (above) and black lemurs (right), of which only
the male is really black.
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POME (perm) A pon.re is a fleshy fiuit in which

the flesh is fbrrnecl b1' the swollen reccptacle (see

Ft.owt-.R). The central part of tl-re fruit is the core, a

tough, leathcry structure that grows from the overrv

of the flowcr and contains rhe seeds. Several mem-

bers of the rosc famili,, sttch :rs apples, pears, and

hawthorns, produce ponres.

See a/so FItUI I'; RoSf. Ir'\N{ll.\'.

POME

Apples are the best-known
f ruits that are examples of
pomes. Shown here are
three varieties of apples:
Golden Delicious (top left),
Granny Smith (top right),
and Jonathan (right).

POMEGRANATE (pom'grin'it)'l'he pome-

granate is the fruir ol a deciduous tree nrrtive to

warrrer areas of Europc and Asia (see I)F.(.lI)U()US

IRLI-). This tree grows to a height of 20 ft. [6 m]. It
h:rs simple, sword-shaped leaves that are arranged

in opposite pairs (see I-L.AF). The flowers have a

waxy tube-shaped calyx and five to seven scarlet

petals (see FL()\{/LR). The fruit is a large berry with
a hard rind and many seeds. The pulp, which is
fleshlike ancl sweet, can be eaten. It is usually

golden red ir"r color.

See ,tlso BI RR\; l:RUl I .

POND\IEED Pondweeds are monocotyledon-

ous plants that live in water (see AQUATI(. I']LAN'l;

\{ONo(lO'fYI.EI)ON). There are about 100 species,

all in the genus Pztdmogeton The pondweeds usu-

allv live in freshwater ponds or slow-moving
streams. They have roots and thick rhizomes in the

rnud. The flowers are vcry tiny and grow above the

top of the water, either singly or in spikes.

Many typcs of pondweeds have small, thin leaves,

all of which are underneath the surface. Some other

kinds also have large, flat leaves that float on the top

of the water. Pondweeds serve as lood for water

birds and provide surfirce cover and oxygen for fish.

Pondweeds are often grown in aquariums to pro-

vide oxygen.

PONDWI,EDPOMEGRANATE

The pomegranate is a fruit native to Europe and Asia. The
f ruit is a large berry with a hard rind and many seeds.

The broad-leaved pondweed, shown here, is one of the types
of pondweed that have flat leaves f loating 0n the water.

1 501



POPIAR'l'he poplars arc deciduous rrees rhar

belong to genus Populus of the willow lamily (sce

I)l'.(llt)Ll()LlS 'l'ttF.H; W'lt.l.O\( I-AM ILY). 'l'here are

about 30 species, ancl they grow to heights of over

100 ft. [30 m]. The leaves are simple ancl pear-

shaped or triangular with toothed margins (see

11,,,\l). The flowers hang in red or yellow catkins

POPLq.R

Poplar flowers (aboveltake the form of catkins. Male and
female flowers grow on different trees.

and are pollinarecl by the wincl. Male and female

catkins grow on diffbrent trees.

Se e olso (.A I'KIN.

POPPY FAMILY'l'he popp1, lanrily includes

about two hundr-ed species of dicotvlcclonous
plants, most of which are herbaccous (see

I)l(.O'l-YLF.l)ON; tlF.l{BA(lt:OUS I't.AN I ).'l'hey have

alternate leaves ancl large flowers. The flowers have

two sepals, which fall whcn the flowers open, ancl

twice as many petals. They usually have many sta-

mens around two or morc joined pistils (see

Fl.owF-R; I.EAF). The seeds grow ir-r capsules (cases

around the seeds of a plant), which open in drv
weather after the seeds are grown (see DISI'IIRSION

OF PLANTS; SELI)). These capsules also hold a milky
juice that contains a poison called an alkaloid (see

AI,KAI,()ID).

The Oriental popp1, is a popular garclen plant. It
is grown in temperate and subtropical climates for
its large, reddish flowers. 'l'he opium poppy is the

source for opium and other narcotic drugs (see

DRUG; NARCo'l'lC). 'fhe plant rcaches a height of
3.3 to 16.5 ft. Il to 5 m] and has white flowers. The
juice from the flowers' capsules is used as a drug
itself, or it can be made into narcotics such as

heroin, morphine, and codeine.

POPPY FAMILY
Many kinds of poppies grow
wild on unused land and
along roadsides. They can
be troublesome weeds in
fields of cereal crops. They
spread quickly because of
their efficient method of
dispersing seeds.
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POPULATION In the naturalworld, a popr-rla-

rion is a groLlp olplrtnts or aninrals, all of thc san're

specics, living in rr particular area. The worcl can

refcr ro the minnows in a smrrll poncl, the robins ir-r

a patch of r''u,oocllancl, or evcn the blue whales in the

Pacific Ocean. Thc size of a population dcpends

greatlr.. on the amount of food available in the arca

and orr thc nurnbcr of suitable breecling sires. A
sr-nall islar-rcl, for example, can support only a cer-

tain number of rabbits. If the population gets too

big, therc will not lre enough grass for all the rab-

bits to eat, and r-nany will die. Prcclators and other

enerlics also play an irnportant role in rcgulating

the size clf a populatictn (see I'l{lrl)A'l oRs r\NI) l'}Rt:\').

I)opulations that are complctclv separated from

each othcr-on clif-ferent islands, fbr exarnplc-
ofien develop slightlv diflerent characteristics.

L,ach population may evolvc into cliflerent geo-

graphic races or subsprecies, rrnd eventuallv into difl
fe re nt species (scc I'.\'()l.tl I ION; SI'tr.(.lF.S).

Sce a/so (;AI AI)A(;()s Ist.ANI)s.

POPULATION GRO$(/TH Popr-rlation

growth is anv increase in tl're number of people in

the worlcl or a srlallcr area. This growth l-ras been

cspeciallv rapid in the past onc hundrecl years and

has become a cause fbr conce rn. In 1800, the world
popr-rlation was less than 1 billion. By 1900, it had

risen to I .7 billion. Bv 1950, the rvorlcl population

had crept up to 2.5 billion. Ilv 1980, it had nearly

doubled, to about 4.5 billion. Ry 1994, the popr-r-

lation hacl reachcd 5.(r billion. Scientists predict

that the world's population will double again

before the year 2015.
'l'he main firctor behind the rremendous popu-

lation growth of the twcntieth century is pro-
longcd life due to improved diet, nrore sanitarv

living conditions, and rnoderrr mcdicine. Modern
medicine hl,rs been especially important because it
has helped combert the major killing diseases of
the past, such as cholera, smallpox, tuberculosis,

ancl the bubonic plagr.rc (black death) (see

(lllOI F.RA; Slv'lALl.POX; 'l LJlltR(.LILOSIS). In the
1300s, for example , these diseases killed over 40

percent of thc worlcl's population.
Thc problem with rapicl population growth is

that rhe world's natural resources. such ms land,

minerals, plants, and water, are limited. A popLrla-

tion cannot survive if it r.rses up its resources faster

than they can be renewccl. fhe world's natural

resources directlv affect its food supph'. Scientists

predict that the current levcl of world fbod supplv

will onlv leed about one-third of the world's popu-

lation bv the tin-re the popularior-r dor-rbles again.

Many governments around the world have

startcd programs to encourage people to limit the

ntrmber of chilclren they have. Most modern rneth-

ods of population control involve contraccptiot-t
(see (-()N't'Rr\(.f-l)ltoN). If every fhmily raised onli,

two children, population growth wor.rld drop to
zero, because each parent rvould replace onlv him-
self or herself.

See a/so NAI UI{Al RF.S()LlR(-8.

PORCUPINE (p6rkya prn') The porcupine is a

large rodent known lor its strong, stiff quills (see

ROI)L-NI). The quills are modified hairs that the

porcr-rpine uses to defend itself. Contrarv to popu-

lar belief, porcupines do not throw out quills from

their bodics. However, ern attacker that trics to grab

thc porcupine usually gets a moLrthful of qLrills.
'l'here are two n'rain groups ol porcupines: Old

World (familv Hystricidae) and New World

PORCUPINE-New World
The short quills of the North American porcupine are
normally concealed by its long fur.
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PORCUPINE-OId World
The adaptable African p0rcupine lives in deserts, grasslands,
and forests.

(family Erethizontidae). The Old World porcu-

pines range throughout south Asia, Africa, and

Indonesia. There are also some in Italy. They feed

mainly on bark, fruit, and othcr plant matter. The

largest Old \X/orld porcupine is the African crested

porcupine. \When provoked, this porcupine shakes

its long quills in warning, making a rattling sound.

As a last resort, it attempts to protect itself by run-

ning backwards into its attacker. The quills then get

stuck in the attacker's skin.

The only New \World porcupine found in North
America is the North American porcupine. This

PORPOISE

Dall's porpoise (right, top)
lives off the Pacific coast of
North America and in
northern European seas. lt
sometimes looks yellowish
in color because of tiny
plants (algae) that grow on
its f in and f lippers. The
common porpoise (right,
bottom) swims along the
coasts of the Americas,
Europe, Africa, and Asia.

porcupinc is about 3 ft. [90 cm] long and averages

about 20 lb. t9 kg] in weight. Its yellow-white
quills are about 2 to 3 in. [5 to B cm] long and con-

cealed in the ltur. \When it necds to defend itself, it
rams its enemies with its tail. 'l'he quills are thcn

forced into the attacker's skin. -l-he North
Amcrican porcupinc lives in trees and eats bark,

buds, and green plants.

PORPOISE (p6r'pes) The porpoise is a small

member of the whale order, Cetacea (see wHnt.l-).

Porpoises are related to dolphins, and many scien-

tists do not distinguish between thc two kinds of
animals. However, many porpoises have spoon-

shaped teeth and a snout that does not form a beak.

Many dolphins havc cone-shaped teeth and a snout

that is shaped like a beak.

The common porpoisc has a gray back and white

underside. It grows to about 6 ft. [1.8 m] long and

may weigh up to 200 lb. IqO kgj although ir is usu-

ally only 110 to 143 16. 149.9 to 65.3 kg1. The

common porpoisc is found along the coasts of
North America, Sor-rth America, Europe, Africa,

and Asia. Clommon porpoises travel in small
groups of two to five animals. Porpoises feed on

herring, mackerel, other fish, crustaceans, and squids.

See also t)OLI'HIN.
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PORTIAND CEMENT l'ortland cement is a

rype of cement that hardens under water. Its main

use is in the making of concrete. Concrete is a hard

m:rtcrial that is made of cement mixed with sand or

gravel and water (see (-F-N'lF-N'l'AND (lC)NCRETE).

Portland cement is made up of 60 percent lime-

srone, 25 percent silica, 10 percent alumina, and

small amounts of gypsum and iron oxide. These

materials are crushed, ground, and burned in a

complex process to make cement. The finished

product is strong and lasts for a long time. The

United States leads the world in producing
Portland cement.

Portland cement was invented by Joseph Aspdin,

arr English bricklayer, in 1824. He named his

invention Portland cement because it was the same

color as a type of limestone found on the Isle of
Portland in Rritain.

PORTUGUESE MAN-OF-\UTAR The
Portuguese (p6r'cha gez') man-of-war is a marine

animal that floats on the surface of tropical seas and

on the Gulf Stream of the North Atlantic Ocean. lt
is not really a single animal, but rather a colony of
animals, each of which has a specialized function
that helps the man-of-war survive. The Portuguese

man-of-war belongs to the phylum Cnidaria (see

CNIDARIA).
'I'he Portuguesc man-of-war consists of a blue,

balloonlike part called a float and a number of

PORTUGUESE
MAN-OF.WAR

The Portuguese man-of-war
is really a colony of animals
that in many ways
resembles a jellyfish. lt uses
its long, stinging tentacles
to catch and paralyze prey.

polyps hanging beneath it (see POLYP). The full-
grown float is about 8 in. [20 cm] long. It is filled
with gas that allows it to float. Long, stringlike ten-

tacles hang down from the float. These tentacles arc

covered with powerful stinging cells and are used to

capture prey, such as small fish. The stinging cells

contain a poison that parerlyzes the prey. Having

trapped the prey, the tentacles then pull it up to the

feeding polyps under the float, where it is digested.

The Portuguese man-of-war is dangerous

to humans. Swimmers touching them get pain-
ful lumps, a fever, or cven respiratolv or heart

problems.

POTASSIUM

This spinning pinwheel is one of the many types of fireworks
that are made using potassium chlorate.

POTASSIUM (pa tis'e am) Potassium (K) is a

soft, silvery metallic element. It is one of the alkali

group of elements (see RLfRt.t MF.-lAL; ELhMLNT).

Potassium was discovered in 1807 by the British

scientist Sir Humphry Davy (see DAVY, SIR

HUMPHRY). Salts of potassium are found in many

different minerals. Potassium is separated from
these minerals by the process of electrolysis (see

ELECTROLYSIS; MINERAL; SALTS). Potassium is neces-

sary to many forms of life. Nerves need potassium

to send messages (see Nrnvt cBLL). Plants also need

potassium for chemical reactions in their cells.

Potassium is one of the most reactive of all ele-

ments. It combines very quickly with the oxygen in
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the air rrncl hrrs to Lrc storccl ut'rcle r oil. lt bursts into
f1rrnre r.vhcn placecl in wilter. Potassium itself has

fe'nv uses, but tnatry of its cotnpounds arc verv
inrprclrtant (see (.()Nll'()LtND). Potassiun brorlide
ancl ioclidc arc usccl in rnedicine and photographv.

Potassiurn chlorrrte is used to make fireworks ancl

mrrichcs. Potassium hydroxide, which is also

I<norvn rrs crlustic protash, is r-rsccl itr making so.r;r

ancl textiles.

l)otassium's atomic numbcr is 19, ancl its relative

rrtomic mass is 29.0983. Potassium rneIts at 146"F

[(r3"Cl and boils at 1,410.f]'F [7(r(r"C]. It is lighter

than water, with a relrrtivc dcnsiry of 0.86.

See rt ko Rt:l.A'l'l\/[ I)t'.NSI'l'\'.

POTATO'l'he potato is a plant olthe nightshade

familv (see NItiH'I'SHAI)F. lrr\l\{ll.v). lt has over one

thousarrc{ close relatives in the genus So/anum.

These inclLrde the tornato arnd the caprsicums. 'fhe

potato plant has star-shaped flowers with five white
or pink petals and five yellow stamens forming a

cone at thc ccnter (see tt-tlwun). The plant stores

starch in a swollen unclerground stem called a

tuber. The tuber is either round or oval arnd has a

thin brown or red skin. Thc flesh is white. l)eople

eat the tuber ars ar vcgctable (see'l'utlt-n).

The tuber, or potato, is about 80 percent water

and 20 percent solid matter. About 85 percent of

the solicl matter is starch. About 10 percent is pro-
tein. 'l'he potato rrlso contarins thc vitanrins thi-
amine, riboflavin, niacin, ascorbic acid, and a small

amount of vitamin A. Many other elements are also

present, inclucling calcium, iron, magncsium,

phosphorus, potassiu.n'r, and sodiutl (see \llNI:ILAl.;

PRO'l'F-lN; S'llA.lL(lH; \/l'fAN.{lN). A potrlto is not frrtten-

ing, though many people believe it is. A medium-

sizecl new potato has :rbout 70 calories.

Abor-rt I I billion bushels ol potatoes are grown

throughout the world each vemr. Thev are eaten

bal<ed, boilecl, or fried. Manufactr-rrers Lrse billions

of bushels each vc:rr to n'rake potato chips and

frozen french-friecl potatoes. Man1, schools arncl

other large institr.rtions use dehydrated potato pow-

der to make mashed or whipped potatoes. l'his is

done by adding water or milk when cooking.
Millions of bushels of potatoes are also used each

year to make alcohol, flour, and other products.

The former Soviet Union, with :r yearly prodr-rc-

tion of 2 billion bushels, is the leading grower of
potatoes in the world. Cl'rina and Poland arc the

next largest growers. 'l'he United States grows

more than 500 rnillion bushels of potrltocs a year.

Idaho is the leading potrlto-growing state.

'Washington, Oregon, Maine, and California also

grow larrge crops.

T-he potato was first grown in South America.

!
::,i€'

POTATO-An American plant

The potato was first grown in South America and taken t0
Europe by Spanish explorers in the 1550s. Today, it is a staple
food in many countries. About 11 billion bushels 0f p0tat0es
are grown throughout the world each year, with the former
Soviet Union being the largest producer.

POTATO-Earthing up

Potato tubers that grow t00 near the surface of the soil turn
green and, because the green parts are poisonous, cann0t
be eaten. To preventthis from happening, commercial potato
growers heap soil around the plants as they grow. This is
known as "earthing up."

?*
4 --t

,#-"
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Spanish explorers took the poraro with thern on a

return trip to Europe around 1550. In Ireland,
potatoes grew so well that they became the coun-
try's main food. Potatoes were introduced into the
United States in 1719 by Irish immigrants who
settled in Londonderry, New Hampshire. The
common white potato then became known as rhe

Irish potato.

POTENTIAL (pa tEn'shal) Potential is a term
used to describe several different quantities used in
physics. In order to lift an object a cerrain distance,

work has to be done. Work is a form of energv.

When yor"r lift an object, energy is transferred from
you to the object. You lose energy because you are

doing work. The object gains energy because it is

being lifted. \flhen the object has been lifted, it has

energy because of its position. This energy is called
potential energy. When the object falls, this energy

is changed into energy of movement, called kinetic
energy (see PO'l'L.N'l-lAt. ENERCIY; KINETI(] ENERCIY).

An object near or on the earrh's surface has grav-

itational potential energy because it is in the earth's

gravitational field (see rtnt.o; GRAVITv). Any object
placed in this field is pulled downward by gravity.

In the same way, an electric charge sers up an

electric field in the area around it (see c:HARGE).

This electric field attracts or repels othcr charges.
(lf two charges have the same sign, either both
positive or both negative, they repel sxsh olhs1-
they are not attracted to cach other. If they have

opposite signs, such as a negative charge and a

positive charge, they attract each other.) The elec-

tric potential in this electric field can be calcr-rlated

for each point in the field.
The difference in potential between two points in

an electric field is called the potential difference.
This is equal to the work that musr be done in mov-
ing a charge of one coulomb from one point to the
other. Another name for potenrial difference is

voltage. Electric potential is measured in units of
joules per coulomb, mlso called volts (see COUl.OtvB;

|OUL.F,; vOLr). iJThen a battery is rated ar six volrs,

this means thart six joules of energy are required to
move a charge of one coulomb from one battery
terminal ro rhe orher.

POTENTIAL ENERGY Potential er.rcrgy is

energy tha.t an object has becnruse of its position or
state of stress (see I:Nlllr(l\'). When you lift an

object, e nergy is transfcrred fiom you ro the object.
You lose energy because you arc doine work in lifi-
ing the object. 'l'he object gains energy becausc it is

being lifted. After the object has been lifted, it has

energy because of its raised position. This encrgy is

called potential energy. When rhe object falls, thc
potential energy is changed into energv of move-

ment, or kinetic energy (see rrNnrtC) LNL,R(;y).
\When an archer drau's a bow, the drawn bow has

potcntiarl energy because of its stretched ps5i1ien.
i$Then the archer releases the stretched string, the

potential energy is changed into energy of move-
ment, or kinetic energy. In the same way, a wound
watch spring has potential energv because of its
tightly wound position.

There are several tvpes of potential cnergy: gravi-
tational potential energy (a raisecl objcct such as

water behind a darn), elastic porenrial energy (a

squashed or stretched elastic material such ms a

watch spring), electrical potential energy (:rn elec-

trically charged object near an clectric charge), and

magnetic potential energy (a rnagnctic mtrterial
near a magnet).

ACTIYITY lJsing potential energy

\
{
t)
t

Blow up a balloon and then release the neck, s0 that
the balloon flies through the air. The inflated balloon
has potential energy because it is stretched. This
energy changes to kinetic energy when the balloon is
released.
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POULTRY (pol'trc) Poultry is the name for the

various kinds of birds raised for their meat or their

eggs. Chickens and turkeys are the most common

types of poultry. Other kinds of poultry include

ducks, geese, pheasants, pigeons, quail, and guinea

fowl.
Many different breeds of chickens exist today.

They are divided into two main groups: those

raised for their eggs and those raised for their meat.

Laying hens are female chickens raised to produce

eggs. They start laying eggs when they are about

twenty-rwo weeks old. Usuaily, the birds are kept in
long, low buildings called laying houses. One lay-

ing house may hold as many as fifty thousand hens.

Chickens raised only for their meat are called broil-
ers or fryers. Most such chickens also are raised

indoors. They eat and drink from automatic feed-

ers and water containers.

It takes more space to raise turkeys than chickens,

because turkeys are larger. Most turkeys are raised

outdoors in pens or fields.

POULTRY-Large-scale farming

Chickens are farmed on a large scale to meet the demand-
each American eats an average of more than 41 lb. [18 kgl of
chicken meat per year. Pictured here are Rhode lsland Reds.

Ducks

POULTRY-Wild ancestors

The ancestors of today's
poultry were wild birds. For
example, the Malayan
jungle f owl and the mallard
(shown circled) are the wild
ancestors of domestic
chickens and ducks.

r-*,d r.-trt
F;

..t*

1 5Oft
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Diseascs and parasites are a major problem of
por-rltrv farms (see PAR.ASt'l'E). To prevent disease

among their por-rltry, larmers often vaccitrate their

birds, add antibiotics to the feed or drinking water,

and try to keep their flocks clean (see ANTIBIO'I'IC;

\A(-(,INAI'ION).

Each person in the United States eats an average

ol about 55 lb. [25 kgl of poultry per year. More

than 75 percent of this meat comes lrom chickens,

a.ncl about 15 pcrcent comes from turkeys. The rest

comes from ducks, phcasants, geese, and other

fowl. Besides bcing usecl lbr food, poultry also pro-

vidcs other by-products. 'fhe feathers of ducks and

geese are sometimes used to stuff pillows and to
insulate clothing and quilts. Poultry manLrre is used

as fertilizer. Eggs, aside frorn their Llse as food, are

usecl in nraking paint and other proclucts.

,See also F.<',t-,.

POWDER METALLURCY (pou'dar n.rEt'l

0r'je) Powder rnetallurgv is the wav in which arti-

cles arc made frorn mctal powders. Somctimcs,

nonmeterllic substances arc used in the powder.

The re are several r'vays of making powders. The
most widely used method starts with a metal

oxide in powder form. Ar-r oxide is a compoutrd ol
oxvgen and one othe r e lement (see OXI I)1.).

Through a reaction cirlled a rcduction reactiott,

the metal oxide is redr-rced to just the nretal (see

()XIt)A'l'loN ANI) I{t.l)Li(.'lloN). Thc metal is in
powder forn'r because the oxide was in powder

form. Anotl-rer method is called atomiz.ation. ln
this mctl-rocl, a thin stream of molten (meltecl)

metal is brokcn clorvn bv a blast of air.

The first stage in rnaking an article using powder

rnetallurgv is to rnix the powcler with a lubricant.
'l'he lubricarrt helps the powder pack tightl,v. The

powder is then forcecl bv pressure into er molcl or

die (sec rtrt). The pressure can be as much as 50

tons per sq. in. [7,000 kg pcr sq. cm]. The presseci

porvder is called ar compact. It is thcn heated in a

furnace to three-fourths of the nrclting point of the

metal. This process is callcd sintering. Son.tctimcs

the metal has nrany tinv pores, clr holes. 'fhe pores

can be renoved bv sintering twicc. Another way of
removit'rg the pores is to add rr st-nall anrount ol

another metal with a lower melting point than the

main metal. The second metal melts during sinter-

ing and fills up the pores. This is called infiltration.
Sometimes, however, the pores are necessary. For

example, porolrs bronze can be made to soak up oil.

It is used as a self-lubricating material for bearings.

The pores slowly release the oil, which then acts as

a lubricant.

See TTIso METAI, AND MEIALLURCY.

PO\frER In physics, power is defined as the rate

of doing work. For example, if you lift an object of
a certain mass through a certain distance, you are

doing work (see MASS). The faster you lift the

object, the more power you use. In the metric sys-

tem, work is measured in units called joules, and

power is measured in joules per second. Another
nanre for joules per second is watts.

See nko lout,E; w{l"l'.

PRAIRIE DOG The prairie (prir'e) dog is not
a dog at all. It is a burrowing rodent belonging to

the squirrel family, Sciuridae (see RoonN'I'; SQUIR-

nnr.). 'I'he prairie dog got its name from its barking

call. Prairie dogs inharbit the open plains and

plateaus of North America from Canada to
Mexico. The prairie dog grows to about 1 ft. [30
cml long, r-rot including its short, flat tail. The

PRAIRIE DOG-Burrowing rodent

Prairie dogs are burrowing rodents that belong to the squirrel
family. They live on open plains throughout North America.
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PRAIRIE DOC-Colonl
Prairie dogs live in tunnels
and chambers in

underground colonies.
Badgers may invade the
tunnels looking for prey.
Burrowing owls may take
over old prairie dog tunnels
and use them as nests.

animal has coarse grav and brown fur. It is stout

ar-rd has short legs.

The prairie clog is a highly social animal. It lives

in large colonies, or groups. 'l'he animal builds a

maze of burrows by digging about 12 ft. 13.7 m)

underground. At the bottom of the tunnel, several

different chambers may be hollowed su1-ong f61

sleeping, one for storirrg food, and so on. The

prairie dog makes er mound of earth at the entrance

to each hole. The mottnd keeps water from enter-

ing the hole. Their undcrground homes give the

prairie dogs protection lrom enemies such as coy-

otes, badgers, weasels, hawks, and eagles.

Prairie dogs feed on grass and other plants.
Farmers consider prairie dogs pests. Not only do

these animals eat crops, but a horse or cow that

steps into a prairie dog's home could break a leg.

Therefore, farmers have used poison to reduce the

numbers of prairie dogs in farm fields and on graz-

ing land. However, the prairie dog is protected in

several nationirl parks in the United States, inclucl-

ing Bacllands National Park in South Dakota.

PRECAMBRIAN TIME Precambrian (pre

k.i.m'bre an) tirne is the name that scientists have

given to the earliest clivision of the earth's history.

Precambrian time began about 4.6 billion years

ago, the same time that the earth's crust probably

formed. It ended about 570 million years ago.

Thus, Precambrian time includes approximately B0

pe rcent of the earth's history.

Huge outcrops of Precambrian rock are located in

various parts of the world. These outcrops, called

continental shields, are most obvious in Canada,

Greenland, and Scandinavia. J'he continental
shields acted as cores around which the contincnrs

formed. Most geologists agree that large glaciers

formed at the end of the Precambrian time (see

C]I,ACIER).

Precambrian time is often divided into three eras:

the Azoic era, Archeozoic era, and Proterozoic era.

During the early part of the Azoic era, the earth

formed. The atmosphere probably formed later on

during the Azoic era. Evidence suggests that the

earth's crust melted and hardened several times

during this time.

Fossil evidence indicates that the first forms of
lile evolved during the Archeozoic era. Blue-green

algae ancl bacteria evolved. Fossils of these organ-

isms have been found in rocks dating to this era.

The heat, pressure, and chemical processes within
the earth's crust caused the lormation of such
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North Star is Polaris. As the earth prcccsscs ancl thc

earth's axis changes 1-rositior-r, Polaris rvill no longcr

be the North Star. Another star *,ill be nerrrest to

clue north. Similarlr,, 14,000 yeurs aso, the bright
star Vcga was the Nortl-r Star.

.See ,t/.so ( ;\'lt( )S( .( )l'l:.

Limestone mass
secreted by
alqae

PRICAMBRIAN TIME
Precambrian life forms preserved as fossils include
invertebrate animals, such as worms, and simple plants,
such as algae.

nre tan'rorphic rocks as marble and slate. Large bod-
ies of granite :rlso fornrecl during the Archeozoic

era. Volcanic activity was widespre:rd (see RC)(-K;

\1)1.(.'\NO).

Proterozoic rocks have largc amou.trts of iron ore.

A greater varictv ollif'e, including jellyfish, sponges,

and worms, evolved clr-rring thc late Proterclzoic era.

See rt/so ARCHT'.o7-ol(. F.RA; F()SSlt-; (lL.OLO(ll(]AL

TI NI F. S(.A t.t.; (l L,( )l-O( ; \'; l'}l{Ol'trlLOZO I (- F,l{A.

PRECESSION (pre sEsh'an) Precession is the

tenderrcy of a rotating (spinning) object to change

the direction of its axis of rotation when a force is

applied to it. The earth provides an example of pre-

cession. 'l'he earth spins around its axis, an imagi-

nary line that connects the North and South poles.

It completes one rotertioll every day. The sun and

moon cxert a force of gravitv on the carth (sec

(,RA\/l.l Y) . This forcc causes the earth's axis to move

slowly around in a circle. It takes 25,800 years for
the earth's axis to complete the circle.

C)ne effect of the earth's preccssion is a change in

which star is thc North Star. 'l'he North Star is the

star that lies nearest to duc north. The present

precessron as the top
follows is shown by the

\--t----------.
l--------- 4--'
I

Pola ris

Earth's axis in
the year 2000

Earth's axis in

the mid-1990s

PRLCESSION-Spinning
Earth

The axis of the spinning earth
describes a double cone as it
precesses. ln the mid-1990s,
the earth's axis points almost
to Polaris. ln the year 2000,
the earth's axis will point
directly at Polaris.

\
I
I
I
1
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PRLCESSION-Spinning top

The axis of a spinning top shows
slows down. The path the handle
dashed line.
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PnEcrous SroNE Ar\D GEna J
A precious ,Orern'rr, sood- |
occuring mineral that is used for jewelry or other quality synthetic gems and natural gems.

decorative purposes and that is considered valuable

(see MINERAT-). The word gem comes from the Latin
word gemrna, which means "bud." Just as a bud
firrrns into ar lovely flower, dLrll lumps of a mineral
can be cut and polished into brilliant (sparkling)

gems. Several different gems may come from the

same mineral. For example, ruby and sapphire are

botir lornred fiom the mineral corundr,rm (see

CORUNt)UM ; Rt JBYi SAf,PgtnE).

Some gems do not come from minerals. The pearl

is an example. lt is taken fiom a mollusk, usually an

oysrer (see vctLlusctA; oy-srgR; pEARL). Amber,
another gem, is a hard substance formed fiom the

resin of trees that grew millions of years ago (see

AMBER; neslN). Coral, which is often used in neck-

laces, is made bv tiny sea anin-rals (see clonnl).
Imitation gems are oFten made of a soft glass

called paste, or strilss. This glass is very clear and

brilliant. Imitation gems made from this paste can

be scratched easily. Other imitation gems are made

fiom plastics.

Synthetic gems are made of the same material as

natural gems, but they are made in the laboratory

insteird of being founcl in nature. For example,

rubies and sapphires have been made by rnelting alu-

minum oxide in a flame from oxygen and hydroeen

Qualities of precious gems There are v:lrious
properties used to iclentifi, gem minerals. One is
the shape of the crystals, which diflers with each

mineral. All the crystals in any one mineral have tl-re

same type of pattern in which their atoms are

arranged. For example, diamonds crystallize in rhe

isometric svstem (see CnYSreL; DlAlvlONl)).

Color is also an important factor in identi$,ine
gems. There are two types of color in precious

stones. Essential color is rhe color of the mineral in

its pure state (rvithout impurities). Nonessential

color comes from some impuriry.
Another factor in identifying gems is how the

genr affects light that is reflectecl (thr-own back)

from it or that passes through it (see RL,Fl.hcl'l lON

oI- LIGH'r). When light passes frorn air to a denser

substance, the speed of light is slowed dorvn. The
ratio of the speed of light in air to its speed in the

gem is the gem's index of refraction (see REFRAcT-

TIoN oF LICHT). Minerals with a hi{rh index of
relraction sparkle and glitter. Minerals with a low
index of refraction usuallv appear dull. -I'he

amount of refraction also varies rvith the color of
the light that passes thror-rgh rhe mineral. For exam-

ple, blue ravs are refracted more than yellow rays

OPAT

0pal is a precious stone
that consists of non-
crystalline silica. This miner
is looking for opals
underground in New South
Wales, Australia, one of the
world's major producers of
opals.
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and yellow rays more than red. Beams of white

light passed through some gems become separated

into various colored ra1,s. This is called dispersion
(see tltst'EttSION OF l.lCH'l).

Cleavage is the tendency of some minerals to split

along certain directions, producing an even surface.

Each mineral has a certain cleavagc direction that

helps identi$' the mincral.

L,xperts also identi$, gem minerals bv specific

gravitv. Specific gravity, or relative density, is a
comparison of the weight of an equal amount of
pure water (see nnt.xl'lvE L)INSI'I'Y) . Each gem has a

unique relative density.

Hardness is an important quality of gem mincr-

als. Few minerals can serve as gems unless they will
last for a long time. However, somc gems, such as

opals, are lairly soft (see HARDNI--ss).

Cutting The tools used for clrtting gems depend

on the hardness of the mineral. Proper cutring

brings out the brilliance and color of gems. Also,

flaws (imperfections) arc removed. Transparent

gems, such as diamonds, are usually faceted-that
is, their surfaces are cut itrto a series of small square

or triangular faces (sides) that reflect and refract

(bend) light. Nontransparent gems, such as rubies

(which are often flawed), are generally cut with a

rounded surface. This is called cabochon cutting.

After a gem has been cut, it is polished. This helps

bring out the gem's brilliance and natural beauty.

Value of gems Diamonds are generally the most

prized gems because thev surpass all others in hard-

ness and brilliance. Besides hardness and brilliance,

other factors determine the value of gems, such as

color, rarity, and demand. For example, the value of
sapphires depends on the quality of the blue color.

Rubies are more valuable than sapphires, because

rubies are rarer. Certain emeralds, because they are

in high demand, may be more valuable than some

diamonds.

See a/so EMERALDS.

COLOR

Gems come in a variety of
colors (above). Color is an
important f actor in

identifying specific gems.
Diamonds (left) are among
the world's most expensive
gems. Chemically, they are
crystalline carbon-the
same element in charcoal
and graphite. Pictured here
are stones of various colors
and various cuts, chosen to
make the gems sparkle
with reflected light.
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PRECIPITATE (pri sip'i tar) A prccipiratc is a

substance that separates out from a solution. A pre-

cipitate can form because of chemical change .

When two solutions are mixed together, they some-

times react to form different substances. If one of
the substances is insoluble (cannot be dissolved),

then it forms solid particles. These are called a pre-

cipitate. For example, many metal hl,droxides are

insoluble in water. Suppose a solution of sodium
hydroxide is mixed with a solution of copper sul-

fate. A blue precipitate of copper hyclroxide , a

metal hydroxide, is immcdiately formed.

Precipitates can also form when the temperature

of a solution changes. 'l'he amount of a substance

that can dissolve in a fixed amount of liquicl
increases as the temperature increases. If the tenr-

perature is lowcred, this amount decreases, anci a

precipitate can form.
Most precipitates are made of many small parti-

cles. However, a prccipitate may also occur as

flakes. This is called a flocculent precipitate. A pre-

cipitate may also be jellylike.

See also CHL,MICA[- Rh.A(l'l'loN; SOI.U-floN AND SOL-

UBILITY.

PRECIPITATION (pri sip'i ta'shen) Precipi-

tation is the descent (corning down) of liquicl or
solid water particles from cloucls to the ground.
The word also refers to the water itself. Forms ol
precipitation include drizzle, rain, freezing rain,
sleet, snow, and hail.

Precipitation occurs because of the way air acLs at

different temperatures. As air rises, it cools and can-

not hold as much water vapor as it can at warmer
temperatures (see \APOR). At a temperature known
as the dew point, the water vapor condenses around
tinv particles in the air. These particles, called con-

densation nuclei, include dust particles and sea salt.

The condensation of water vapor around sr-rch par-

ticles forms water droplets (see CONDLNSAI ION;

DF.\( POINT). The water droplets aggregate (collcct)

together, forming clor-rds. If the water droplets
become supercoolecl (rcmain liquid below the
freezing point, 32'F [0'C]), the droplets combine
and may be heaw enough to fall to rhe grou.ncl as

rain or snow (see SUI'L.R(.o()L.lN(;).

If precipitation is in the fbrm of very small water

droplets, it is called drizzle. The water droplets that
nrake up drizzle have diameters ranging fi-om 0.008

to 0.02 in. [0.2 to 0.5 mm]. Thc total amount of
precipitation that conles from drizzle is olten
hardly worth noting.

VTater droplets larger than those of clrizzle are

called rain. The rnaximurn diameter of a raindrop

is about 0.25 in. [6 mm]. The largcst raindrops

usually fall during heavy storms. Frcczirrg rrrin

happens when the raindrops fall through a laver of
air colder than 32"F [0"C]. Freezing rain prese nts

a danger to motorists and pedestrians alike
because it corlts roadways and walkways wirh a

thin glaz-e of ice.

Snow is frozen water that remains in the solid
state. It only falls when the tcmpcratu.rc is ncal or'

below freezing. \(/inter snowstorms are cornmon-

place in many parts of the United States. Snowfall

is classified by the accumulated (collected) amount
that farlls on thc gror-rnd. Sleet is either mixed rain

ancl snow or partialll. frozen ice particles. Hail is

froz.en precipitation that falls only from cumu-
lonirnbus (thunderhead) clouc{s during thunder-
storms.

See a/so A(.ll) l{AIN; AIR; Ct.OLJI); HAll-; I{AlN; SNOU/.

Snow is a type 0f precipitation. The picture shows snow
falling on lodgepole pine trees in Yellowstone National Park,
Wyomino. An ell< is in the foreground.
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Pr.dators are animals that hunt other animals,

known as prey, for food. Carnivores, or meat-

eaters, are predators (see CARNIVORE). lnsectivores,

or insect-eaters, are also predators (see tNslcrtvonr,).
Predators include many different kinds of ani-

mals. Some predators, such as the fox, eat almost

anything that they can catch. Others are much

more choosy about their food. The snail kite of the

Florida Everglades, for example, feeds only on a

particular kind of water snail.

Each kind of predator has its own method of cap-

turing its prey. These methods fall into three main

groups: ambushing, trapping, and hunting.
Ambushing involves lying in wait for the prey to

come along. Ambr-rshers seem to know good places

to wait, and they are often so well camouflaged that

their victims never see them until it is too late.

Praying mantises and crab spiders are masters of the

ambush (see ltaN.rts; sPIDF,R). They often hide

among flowers and wait for their insect prey to

arrive.

Spider webs are the best known of the traps set by

animals, although not all spiders actually weave

webs. The webs are made with silk from the spiders'

bodies. There are many different designs. The

webs are designed to catch flying, crawling, and

jumping insects. Most of the webs contain gum-

covered threads to which the insects stick firmly.

Some ant lion larvae dig conical pits in sandy soil
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PREDATORYBIRD
Eagles are skillful hunters and belong to the general group
known as birds of prey. Pictured here is an eagle feeding
its chick.

and lie in wait at the bottom. tVhen ants or other

small insects fall in, they are grabbed by the ant lion

larva. Adult ant lions are delicate insects related to

the lacewing (see LACEVING).

Spiders and ant lions do not lure their prey into

their traps, but some animals do. The anglerfish

dangles a long spine over its mouth. A flap of skin

at the end looks like bait on a fishing line, and any

small fish that mistakes it for food is quickly
engulfed in the angler's huge mouth. Some deep-

sea fishes have similar baits that shine in the inky

blackness. The alligator snapping turtle lives in

.:
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HI]NTING FOXES

The small-eared dog
(above)-actually a type o{

fox-and the Argentine
gray fox (right) are
predators from South
Am e ric a.

SCAVENGER

The striped hyena of Africa generally lives by scavenging off
animals killed by other hunters. Even so, it is usually regarded
as a predator.

lili



PREDATORS AND PREY

muddy rivers in the eastern parts of the United
States and lies in the water with its mouth open. It
waves a pink, wormlike flap on the end of its
tongue, and, like the anglerfish, it snaps up any

small fish that comes to invesrigare.

INSECT PR,EDATOR

As its name implies, the
weevil-hunting wasp kills
weevils, which it stores in
its underground nest.

AMBUSH

The common pearly nautilus
(left) lies in wait for its prey.
When a small fish strays too
close, the nautilus seizes it
by shooting out more than
thirty tentacles.

frue hunting animals are those that chase their
prey. They include many spiders and other small

animals as well as the better-known hunters, such

as lions and chcetahs on the land, owls and other
birds of prey in the air, and sharks in the sea. The
hu.nters need efficient eyes or other sense orgar)s to

tell them where the prey is. Many also need good

speed to be able to overtakc their prev. The cheetah,

for example, is the fastest animal on four legs, and

the peregrine falcon is the firstest in the air (scc

CIIELTAII; I-AL(ION). Hunters also need efficient
weapons to kill their pre1. when tl-rey catch it.
Strong claws ancl tccth arc thc main wcapons, but
some hunters also use poison to kill or paralyze

their victims.
Predators might seem cruel or bloodthirsty, but

they are simplv lollowing an instinct to survive bv

catching and killing their prey (see INSTIN(.'l).

They rarely kill more than they neecl. If thev did,
they would soon run out of food. Predators control
the populations of their prev very efficientlv. They
may even help the prey popr-rlation by catcl'rins and

killing the weakest individuals in each ger-leration

and leaving the fittest to survive and breecl.

OCEAN PREDATORS

The leatherback turtle
(above)feeds mainly on

lellyfish, although it will eat
crustaceans such as
shrimp. The dragonfish {left)
lives in the deep ocean and
lures its prey with the aid of
a long "fishing line" that
grows from its chin.
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PRECNANCY (preg'nan se) Pregnancy is the

period of time that a fernale carries a baby inside

her body before giving birth. Pregnancy begins

when a lertilized egg attaches itself to the lining of
the uterus (womb), but in humans is usually

counted from thc first day of the last menstrual

period (see FFRI'ILIZATION; tNlPt.AN I'ATION).

Pregnancy is also called gestation. For most

women, gestatiott lasts about nine months. The

length of the gestation pcriod varics among other

mammals. It can be as short as a few days or longer

than a year (see (,L,S'I'ATIoN PLRIOD).

ln human pregnancy, the developing baby is

called an embryo during the first two months of
pregnancy (see ur.tgn-t-o). After the second month

until birth, the developing baby is called a fetus.

ln early pregnancy, certain structures form in the

uterus. Such structures make it possible for the

developing baby to live within thc mother's body.

The placenta is one of the most important of these

structures (see l'LA(-F.N'r'a) . By means of the pla-

ccntil, food and oxvgen pass from the mother's

bloodstream to the embrvo or fetus.

After two months of development, the human

fetr-rs is onl1, about 1 in. [2.5 cml in length.
However, it can movc its head, mouth, arms, and

legs. A technique callec{ ultrasound imaging can be

used at different times throughout a pregnancy to

show the size and positior-r of the fetus (see ULrRA-

SOUND).

Dr.rring the fourth to fifth month, the mother can

usr.rally begin to feel the fetus moving inside her. ln
the sixth month, the fetus measures roughly 1 ft.

[30 cm] long, anclweighs about 1 to 1.5 lb. [0.5 to

0.7 kg1. Most of the fetr-rs's organs can function.

L)uring the final few months of pregnancy, the

mothcr's blooclstream gives the fctus various immu-

nities. These immunities help protect the baby

from the various diseases for a short period after

birth (see lM\{Llrr-l't Y).

As the fetus undergoes clevelopment through

pregnancy, pregnancy also causes bodily and emo-

tional changcs in women. Mcnstruation stoPs,

morning sickness (vorniting) ntay occur, weight is

gained, mnd tl're breasts change (sec MENSTIIUAL

(tY(-t.t-.). Thc bodily changes make it possible for

the fetus to grow and for the mother to nurse the

baby after it is born. Pregnancy causes changes in

hormone levels (see t-tc'lRvoNE). Such changes

may make some women feel moody during
pregnancy.

To prevent harm to the developing baby, doctors

advise pregnant women not to smoke or take alco-

hol or certain drugs.

Spontaneous abortion, also known as miscar-

riage, is an early ending of pregnancy by a natural

or accidental cause (see asi-lRtloN). Medical treat-

ment throughout pregnancy can help Prevent
miscarriages. Such medical treatment also helps

ensure that the mother stays healthy throughout

pregnancy. This makes it more likely that the baby

will be born healthy. If a problem occurs with the

fetus, prompt medical attention can somelimes

save its life. In severe cases offetal iniury, surgeons

can sometimes even operate on the fetus to correct

problems before birth. Medical advances continue

to improve the chances of women having healthy

pregnancies and healthy babies.

S e e a ls o RL,PRO D U Cl'l'ION I RF,I'RO D Ucll'l Vl, SYSTEM.

Placenta.

PREGNANCY

A human baby, known as a fetus after two months of
pregnancy, develops in its mother's uterus (womb). Food and

oxygen travel to the fetus from the mother's bloodstream via

the placenta and umbilical cord.

t5t7
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PREHISTORIC PEOPLE Prehistoric
people are humans who lived before people
started making writte n records, about 7,000
years ago.

The classification of these human cultures is
based on the type of technology that people had.

The first is the Paleolithic, or Old Stone Age (see

S'l'oNL A(lE). At this tin're, people u5sd losls-
knives and spear points-chipped lrom stone.

Paleolithic people were hunters.

In the Mesolithic, or Middle Stone Age , sociery

was becoming a little more settled, and much
finer tools were made.

in the Neolithic, or New Stone Age , the people

had learned how to firrm and domesticate ani-
mals. The first settled communities developed.
'l'he people still used tools made from stone, but
the New Stone Age tools were much more sophis-

ticated and finely polished, and other materials

such as bone and wood were also used.

The New Stone Age progressed into the Bronze

Age, which was when people produced the first
metal tools. The final phase of metalwork devel-

opment before the beginning of written history
was the Iron Age (see IRoN AGE).

These ages do not have strict boundaries, and

the transitions between them differed ir-r different
areas. For example, the Iron Age began in the

Near East about 1200 e.c., but did not begin in
northern Europe until about 500 s.c. ln Africa,

cultures developed from the New Stone Age

directly into Iron Age without passing through a

Bronze Age .

See also HOMO F,RI-.C]'I'US: PREHISI'ORY.

PREHISTORY (pre his'ta re) Prehistory is the

time before human beings developed methods for
writing about their lives (see I,RL,Hlst'oRIC pEO-

lr-E). It generally includes all time before about

7,000 years ago. Around this time, written records

began to be kept in certain parts of the world,
such as the Middle East.

The knowledge we have of prehistory comes

from the study of animal and human fossils,

ancient tools and other evidence of human
beings, and rocks. Geologists, anthropologists, and

PR-EHISTORY

Prehistoric mammals date from the beginning of the Tertiary
period, 65 million years ago. All modern groups-plant-
eaters, insect-eaters, a nd meat-eaters-were present.

1518
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paleontologists all strivc towlt.rd a filler unclcr-

standing of the prehistoric earth :rtrcl its lif-e forms.

See a ko AN-l'H ROI'OL()( ;Y; F()SSI L; ( ; F-()l-(X; I(-Al.'l l\l t:

S(lAL[,; C F.O l-O(;\'; I)A I.f.ON'l-( ) l.( X ;Y.

PRESERVATIVES Prescrvatives are subst:rnces

that prevent or slow dor'vn the growth of microclr-

ganisms such as bacteria, fungi, and viruscs. 'l'hese

organisnrs live in organic matter, sttch as loocl and

wood, where thcy ofter-r produce chcmicals that

cause food to spoil or wood to rot. Common food

preservatives irrclr,rde sr-rlfirr clioxicle, organic and

inorganic acids, phosphates, at'rd nitrates.

Prescrvatives are usecl in tnanv processecl, pack-

aged, and prcparecl foods. Manv people are

becoming concerned about thcir use ancl are

clemarnding bettcr labeling of fbods thrrt identili'
the prese rvatives used.

Sea tzlso FO()l) I'I{OCt'.SSIN(;.

PRESSURE Pressure occlrrs when force acts over

thc surface of a bodv. Pressttre is clefined as force

dividcd bv the area over wl-rich it acts (see lclRi:r'.).

To understand pressure, it is hclpful to think of
an examprle. Suppose that yott are carrying a heal1,

package by its string. In a short while the string

starts to cut into your hand. The weight is mr-rch

casier to carrv if thc package is in a bag with a han-

c{le. Both the string and the handle exert a pres-

sLlre on your hand. However, the pressure of the

string is mr.rch grcater than the Pressure of the

handle. 'l'hat is why the strir-rg quickly starts to

hurt. -l'he fbrce, or weight, of the package, is the

same in each c:rse. However, bccause the string is

thin, the area of contact with your hand is very

small. This rneans that the pressLlre is very large.

l'he handlc covers a much grcater area of vour
hand bccattse it is wider. Therefore, the handle's

pressure is mucl-r less than the pressure exerted by

the string.
Diflcrent substances react differently to pressurc.

\7hcn you prcss your hancls agaittst wood, the

wood is not noticeablv affectccl. Howevcr, when

you press against cla,v, the clay changes shape. This

is because the fcrrces between the n'rolecules in

rvood arc strong. In cla1,, they:rre not as strong. In

fact, they are not strong enough to resist the pres-

sure of your hand (see N{t)l.L-CUt.l:).
'fhe forces benveen the molecules in a liquid are

weakcr than thosc between molecules in a solid.

Thcrefore, liquids are vcr,v easily distorted by pres-

sure. In a gas, the lorces are weaker still. In fact, a

gas can be compressed by pressllre.

Girses and liquids are together known as fluids.
-f 

he branch of physics that studies the prcssures in

still fluids is callcd hydrostatics (see HYIIRAULI(.s;

HYt)l{osrATI(.s). At any point inside a fluid, the

pressure is the same in all directions. -l'his is true

lor the air in the atmospherc. 'fhe air above us

exerts a pressure on us. The pressure is about 14.7

pounds per sq. in. [101,600 newtons per sq. m].

C)ver the area of your hand, this is equal to a

we ight olabor-rt 1 50 lb. [70 kg]. This is the weight

of a person. However, the pressure acts in all

directions. It acts on both sicles olyour hand. For

this reason, you clo not notice the pressure of the

air on your hand.

A gas can be easily compressed because the lorces

between its molecules arc very weak. lf the prcssure

on a gas is doubled, then the volume is roughly

halved. 'fhis law is called Boyle's law (see BoYl.F.'S

i.,tw). At very high pressures, the molecules in a gas

are very close together, and Boyle's law no longer

applies.

PRESSURE GAUGE (pr6sh'or gaj) A prcssure

gauge is an instrument that measures pressure (see

PRIrssL.rRE). Sr.rch gar-rges are widely used in indus-

try and scientific research. Therc are nany differ-

ent typcs ol pressure gauges. For example, the

manorneter-has a U-shaped tube containing a liq-
uid. One e nd of the tube is connected to the pres-

surizecl system. T'he othcr end is left open. The

pressure forces the liquid down one side of the

tube and up the other. 'fhe difference in the two

levels is used to calculate the pressure (see

N4ANON4ET-ER).

'l'he Bourdon gauge is another common type of
pressure gauge. It can measure {airly high pressures.

It contains a C-shaped coil. The coil is a tube with
thirr walls. It is closed at one end. The open end is

connected to thc pressurized system. 'l'he pressure

15r9
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PR,ESSUR-E GAUGE

The Bourdon gauge is often used with steam boilers. When
pressure inside the boiler increases, the tube straightens out,
and the needle on the dial moves up.

forces the tube to straighten. This causes the free

end of the coil to move, which, in turn, moves a

pointer on a dial.

There are also bellow-shaped gauges. The "bel-

lows" are made out of a metal tube with corrugated

walls-that is, walls with wavelike folds. One end

of the tube moves under pressure, while the other
end is kept still. The aneroid barometer works in a

similar way. It is used for measuring the pressure of
the atmosphere (see BAROMF.TER).

All these instruments measure pressure directly.

However, they are not sensitive enough to measure

very low pressures. In this case, some quantity is

measured that varies with pressure. For example,

the ionization of a substance may be measured (see

IONS AND IONIZ-ATION). Then this measurement is

correlated with pressure.

PRIESTLEX JOSEPH (17 33-1 804) Joseph
Priestley (prcst' le) was an English scientist best

known for his discovery of the gas called oxygen.

Priestley was originally a preacher. He became

involved with science soon after meeting the great

American scientist, Benjamin Franklin (see

FRANKLIN, BENIAMIN). Priestley did experiments

with electricity. He deduced the inverse square law

for electrical attraction (see ELL.c'fRost'A't'tcs;

r N-VL,RSE SQUARE LA\(/).

Priestley also investigated and discovered many

other gases. He was thc first person to dissolve the

gers carbon dioxide in water. This is how soda water

is made. He also investigated the gases hydrogen

chloride and ammonia. In l774,he produced oxy-

gen by heating the compound mercuric oxide (see

()xti)E). He did experiments to show the relation-

ship between oxygen and living things.

See also OXY(IL,N.

PRIMATES makc up the order of mammals

that includes human beings (see MAMMnt.). This
order also includes more than two hundred
species of other animals. Exccpt for human
beings, most primates live in trees in tropical or
subtropical areas. Primates have large, well-
developed brains and eyes that give them good

vision. Most primates have hands with four fin-
gers and an opposable thumb. This means they

can touch their thumb to any of the four fingers.

This gives primates the ability to pick up, hold,

and grasp objects easily. Many primates have a

similar arrangement of toes on thc fcct. Thc
fingers and toes usually have nails instead of

claws. Most primates live in social groups. They

PRIMATES-Colorful baboon

The mandrill is a type of baboon, an anthropoid primate. lts

Free closed

ridged muzzle and rump are brightly colored red and blue.
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PRIMATES-Tree-living primates

The slender loris of southeast Asia (above left) and the p0tt0
of Africa are prosimian primates that spend their lives among
the branches of trees.

communicate with each other by sounds, touch,

and smell.
-fhe primates are divided into two main groups:

the prosimians and the anthropoids. The prosimi-

ans inclr-rdc the aye-ayes, galagos, lemurs, lorises,

pottos, tarsiers, and tree shrews (see t.nuUR; TAR-

stER). The anthropoids include human beings,

apes, and monkeys (see aNtHROPOID; APE; HUMAN

BE,lNCl; MONKEY). In general, the anthropoids are

30'N

30"S , ----.''

larger and more intelligent than the prosimians. It
is believed that the anthropoids evolved from the

prosimians.

,\ee also F.VoLUTION.

PRIME MERIDIAN (prrrm ma rid'e an) 'fhe

prime meridian is the imaginary north-south line

that represents 0o longitude on nlaps of the world
(see LAI'l'l'UDE ANI) LONCllTL.rl)H). It is also called the

Greenwich meridian because it passes through
Greenwich, England.

One hundred and eighty degrees of longitude are

drawn both east and west of the prime meridian.

The lines of 180' wesr longitude and I80" east

longitude make up the same line. The prime
meridian was established by a conference of
astronomers in 1884.

See a/so rN'fERNATIoNAL DAI'F- t-tN!,.

PRIME MERIDIAN

The prime meridian is 0" longitude. All other longitudes are

measured east or west of the prime meridian. lt passes
through Greenwich, England, and for this reason it is also
known as the Greenwich meridian.
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PRIME NUMBER A prime number is any

integer (whole number) that can be evenly divided
only by itself and by the nun-rber one (see NUI\,IntsR).

Some examples of prime numbers are two, three,

and five. A number that is not a prime number can

be evenly divided by itself, by the number one, and

by another number or numbcrs. For example, the

number six can be evenly divided by one, two,
three, and six.

The ancient Greek mathematician Euclid
proved that there is an infinite (unending) rrum-
ber of prime numbers. Euclid also discussed what
is known today as the fundamental theorem
(statement) of mathematics. This theorem says

that any positive integer can be written as a prod-
uct of prime numbers. A product is the result
achieved from multiplication. For example,
twelve is the product when two is multiplied by
two and then by three.

See also MATtiITMATICS.

PRIMROSE FAMILY The primrose family
includes about a thousand species of herbaceous

dicotyledons (see t)rco-ryr.F,DON; HERBAC:Ious

I'LANT). Most are perennials and grow in cooler

areas of the Northern Hemisphere (see PL,RL,NNIAI.

PLANT). The leaves are simple, with toothed mar-
gins. They usually grow in a rosette on the ground
but may be opposite or whorled on a stem (see

t.EAF). The flowers have f-ive petals that are firsecl

at the base to fclrnr a short tube. There:rre five sta-

mens growing opposite the spreading petals. Tl're

fruits are dry capsules that open when ripe (see

FI-()WF.R; IrRUI'l').

The common primrose has flowers thirt are

yellowish white in color. Each flowcr grows at

the top of a leafless stalk. This species has givcn

rise to many cr-rltivated varieties of the bear-r-

tiful and colorfirl flowering plants known :rs

polyanthus.

PRIMROSE FAMILY
The common primrose
(above) blooms in late
spring. The cowslip (left)
also belongs to the
primrose family.
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Printing is the process by which images-such as

lettcrs, numbers, drawings, and photographs-are
reproduced on paper, plastic, or some other mater-

ial. Printing is done using electronic, mechanical,

and photographic devices (see ELEC'I'RONICS; PIIO-

TOGRAPHY). The goal of printing is to reproduce

many copies of a master, or original document.

Printing is one of the most important ways of
communicating with large numbers of people (see

COMIvIUNICATION). Books, magazines, and news-

papers are obvious examples of things that are

printed. However, printed items also include such

things as billboard signs, calendars, food and

beverage containers, rulcd writing tablets, and

wallpaper.

Printing began in China around the year A.D. 500

with the use of simple hand-carved wooden print-
ing blocks called woodcuts. The Europeans later

also discovered this method. Printing as we know it
today was not invented until 1440. It was then that

Johannes Gutenberg of Germany invented print-
ing with movable type. He made separate pieces of
metal, each with a raised letter on it. The letters

Lefterpress

Engraved type

PruNTING

could be combined in any number of ways and

used over and over again to print n'rany different

books.

With the invention of rnovable type , printing
spread througl'rout thc world and became the first

rneans olmass communication. It pLlt lxore knowl-
edge into the hancls ol more pcople at a litster rate

than ever before. Gutenbcrg's invention was the

start of nrodern prinring.

Preparing materials to be printed'loday, before a

book, newspaper, or any other material can actually

be printed on :r large machine called a press, there

must be el process of preparation. Different parts of
a printed material are prepared in different ways.

For example, the letters, numbers, and other non-

illustration symbols, called type, that will be

printed on the page must first be "set." Today, most

type is set on machines called laser typesetters. A
laser typesctter is a computer that uses lasers to pro-

duce different styles and sizes of type verv qtrickly
(see LASF,R; (lON{l'U'l LR).

The rypesetting process begins whcn an operator

sed type

Offset lithography
Plate cylinder

Blanket
cylinde r

BASIC PRINTING PROCESSES

Three common kinds of printing are letterpress, gravure, and
offset lithography. ln letterpress printing, ink is transferred
from a raised surface directly to the paper. ln gravure
printing, the ink is also transferred directly, but it is
transferred from an etched surface. ln offset lithography,
printing takes place from a flat surface, using a plate cylinder
and a blanket cylinder.
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enters the infbrmation into the typesetter. This is

done by pressing certain letters, numbers, or other

symbols on a keyboard. The operator also presses

keys that give the typesctter inlormation about the

size and style of type. As the operator presses the

keys, the typesetter converts the inforrnation into a

form that can be understood by the machine. This

information is then sent to the part of the typeset-

ter that contains a laser. 
-l-he 

laser then "draws" the

type in the form of many tiny dots on light-
sensitive film or paper. The film or paper is then

developed by means of a chemical process.

Illustrations also have to be prepared for prirrting.
Many illustrations contain only a single color, such

as black, green, or red. There are two kinds of such

single-color illustrations-line art and halftones.

Line art is illustrations, such as diagrams or charts,

that contain only solicl lines ancl large solid arears.

Halftones are illustrations, such as photographs,

that contain various tones, or shacles, of a color,

such as gray. The process of printing line art begins

by taking a photogrmph of it. The photographic
negative is then used later in the preparation
process to make a printing plate.

The process lor prodr-rcing halftones is similar.

However, to allow the printing press to produce the

various tones, the photograph of the illustration is

taken through a clear plastic screen. The screen has

a regular pattern of thousands of tiny dots. These

tiny dots appear on the negative. The dots are large

and close together in the dark areas and small and

farther apart in the light areas of the illustration. As

with line art negatives, the halftone negative is used

later to make a printing plate. \When the image

from the halltone is printed, the viewer's eyes and

brain blend the dots to see the dark and light areas

that were in the original image.

Illustrations, such as color photographs, that are

more than one color must be prepared for printing
in a different manner than one color line art or

halftones. Usually, the color illustration is first
passed through a machine called a color scannner.

Color scanners use lasers to break the color draw-

ing or photograph into four separate negatives, one

for each of the four main colors. These negatives

are called separations. In each separation, the image

is broken down into rnanv diflerent-siz.cd dors. 'l'he

larger these dots are, the denscr the color will be

when printed. The four diffcrent separatiollS rrrc-

used to make four difFerent printing platcs.

After the type has been set and negatives made of
the illustrations, the next ste p in prepraring fcrr

printing is to make a paste-up. To rnake the paste-

up, a person called a designer follows a laryout sheer.

A layout sheet is a sketch ofhow each page should

look, showing where the tvpe and illustrations
should be placed. The designer pl,rces the clevel-

oped paper containing the type in the appropriate

position on a piece of white paper. The paper con-

taining the type has been trimmecl to the a1-'1-rropri-

ate length and has had a sticky sulrst,rnce appliecl tcr

its back. The actualnegmtives of the illustrations arc

not part of the paste-up. Therc are t'r'rarkings, how-

ever, showing wl-rere each illrrstration is to be

placed, and the re n-ray be photocopics or photostats

INK TRANSFER

ln letterpress printing, ink is transferred onto the raised
image on the plate cylinder. The impression cylinder presses
the paper onto the ink as the paper passes through the press.
ln gravure printing, the ink is deposited in "pits" in the plate
cylinder. A doctor blade removes excess ink before the ink is
transferred to the paper. ln offset lithography, greasy ink
sticks to the image on a smooth plate. The rest of the plate is
covered with a thin film of water. The ink is then transferred
to a blanket cylinder, which in turn transfers the ink to the
paper. The plate cylinder therefore offsets, 0r transfers the
image, which gives this method its name.

Lefterpress 
rnk roiler

Pl ate
cylind er

lmage
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oF the illustrations pasted down as "placeholders."

A photograph is then taken of the paste-up, pro-

dr-rcing a negative. The negative of the paste-up and

any negatives of black line art or black separations

are then strippecl-that is, taped together in their

prccise positions to form a ncgative for the entire

page. This negative is called a flat. If the illustra-

tions are color, the other separations are each made

into flats as well. For each color, a separate printing
plate is made. The platc-made of metal, plastic,

or paper coated with a light-sensitive material-
and its flat are pressccl togcther and are exposed to

strons light. Tlie light shincs through the ncgativc

onto the plate . 'l'he flat is removed, and the exposed

plate is dcvelopecl. The plate is then reardy to be

usecl on thc printing press.

ln m:rr-ry cases, this traditional method of
preparing for printing is being re placed by a

method callecl clesktop publishing. In this
method, a cornputer is used to perform the type-

setting, design, and paste-up. The page is then

printccl out on a sheet of paper, using a special

kind of prirrtcr callcd a lirser printer. This paper is

thc nraster. ()enerally, the rnaster is then pho-
tograpl'red, ancl the negative is used in traditional
stripping ancl plate rnaking. Son"re modern print-
ing equipnrent can mrrke er printing plate directly
lrom the computcr.

Gravure

lmpressron
cylinder

Plate
cyl i nde r

Offset lithography Once the materials have been

prepared and the printing plates made, one of sev-

eral printing processes can be used. The most com-
mon is called offset lithography. Ofiet refers to
using a rubber-covered cylinder to transfer ink
from the printing platc to paper. Lithography refers

to printing from a flat surface rather than a raised

or etched surface. In offset lithography, the flat sur-

face is the printing plate. C)ffset lithography is

based on the fact that grease (oily matter) and water

do not mix. This fact was discovered in l79B by

Alois Senefelder, a German. Senefelder drew a

design on a smooth, flat stone with a greasy crayon.

He then dampened the stone. The water stuck only

to the parts not covered by the design. Next, he

inked the stone, and the greasy ink stuck only to
the design. He then pressed paper against the stone,

transferring the image of the design to the paper.

Today, the same principle is used in offset lithog-
raphy. In offset lithography, the printing plates

have been treated with a substance called a lacquer
(see mcqutn). A lacquer sticks only to the image

areas of the plate-that is, the areas with type or

Oflset lithography

Damping roller

Plate
cylind er

Blanket-. 
cylinder

lmage
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cylin d e r
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illr.rstrations. J'he printing plates are bent to fit
around plate cylinders. As the plate cylinders spin,

they press against damping rollers. The damping

rollers wet the nonimage areas of the plate. The

plate cylinders next pass against ink rollers. The

greasy ink sticks only to the image areas of the

plate; the wet nonimage areas rcpel the ink. Finally,

the plate cylinder oflsets, or transfers, the image

onto the rubber-covered cylinder, called a blanket.

Thc blanket, in turn, transfers the inked image

onto thc paper.

The printing press used in offset lithography is

a kind of rotary press called a blankct-to-blanket
press. A rotary press involves spinning cylinders.

A rotarv press can print on single sheets of paper

or on a long roll of paper called a web. Rotary

presses usually use webs. In the blanket-to-blan-
ket press, there are at least two sets of cylinders

that each contain a plate cylinder and a blanket

cylinder. 1'he paper passes between the blanket

cylinders, so that both sides of the paper are

printe d at the same time. Once it has been

printed, the web passes through a heated tunnel.

There, the ink dries. However, in the tunnel, the

web becomes very hot. It then has to pass through
a cooling unit. 'l'he heart of the tunnel also has

dried the web to the point that it becomes brittle.
Anothcr part of the press adds a slight layer of
moisturizers to make the web flexible again. As

the web leaves the press, it is folded or cut into

complete publications or sections of publications,

called signatures.

Rotary presses that print by offset lithography
can also be used to print more than one color.

Instead of having only two sets of cylinders, there

are as many sets of cylinders as there are plates for

each side of the paper. Most color printing uses

four different plate each for yellow,
magenta (recl), cyan (greenish blue), and black.
'I'his mcans that each plate cylinder offsets one of
tl'rese colors on its accompanving blanket cylinder.

Some rotary presses can print only one color at a

time. Therefore, to print in full color, a sheet of
paper or a web rnust be fed through the press as

many times as rhere are colors. As the paper moves

through the press, it passes fr-onr plate to plate.

E,ach time it does so, a pattern of colored dots is

printed on the paper. The combination of differ-

ent-colored dots reproduces the colors of the orig-

inal illustrations. Many modern presses can print
four colors on both sides of the web at the same

time, so that only one pass through the press is

required for full-color reproduction. Presses that

print on both sides of the paper at the same time

are called perfecting presses.

An advantage of a blanket-to-blanket press is that

it is very fast. For this reason, it is often used to

print magazines and newspapers. An advantage of
offset lithography is that the flexible blanket can

easily pass on the image to many kinds of surfaces,

such as rough paper or plastic.

Other printing processes There are several other

printing processes that are used in different situa-

tions. These processes include gravure, letterpress,

silk-screen, and ink-jet.

In gravure, after the printing plate has been

made from the negative, the plate is placed in

acid. The acid etches the image from the negative

into the plate. During the printing process, the

ink fills in the etched areas. The ink in the etched

areas is then transferred to the paper. Gravure

printing can be done with a kind of rotary press

called a rotogravure press. ln a rotogravure press,

ihe plate cylinder spins in a container of ink. A
blade continually scrapes the ink from the non-

etched areas of the plate cylinder. The paper

passes between the plate cylinder and an impres-

sion cylinder. The impression cylinder Presses

down on the paper, leaving an ink image on the

paper. Gravure is often used for printed material

requiring heavy ink coverage, such as magazine or

advertising inserts for newspapers. A rotogravure

press is as fast as an offset press.

Letterpress is one of the oldest printing Processes.

In letterpress printing, the image on the printing

plate is raised. In the past, the raised image was

made by pouring melted metal into molds. The

molds were then assembled in a fran're, and thc

frame was used to print from.

A new method of making letterpress plates

involves using light-sensitive plastic with a metal
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where ink is applied. The bed then moves under
and past the cylinder. As the bed goes back under
the cylinder, a sheet of paper is fed over the cylin-
der and falls on top of the bed. The bed and sheet

of paper pass under the cylinder. The cylinder
presses down on the paper and the bed, leaving an

ink image on the paper. Just before the bed passes

under the inking rollers again, the paper is lifted
up and released by the action of the cylinder.

Letterpress using a flatbed press is slow because

of the back-and-forth action of the bed. Also,
materials that are printed using letterpress are of
lower qualiry than materials printed by offset. For

example, the pressure from the raised images

often leaves a dent in the paper. The plate or the

molds in the frame may become worn toward the

end of a printing job. This means that the final
printed copies are of lou'er quality than the earlier

printed copies. However, letterpress is still used

for smaller printing jobs, where the look of
traditional printing is preferred, such as for cer-

tain art books.

There are several other printing processes that
are used for specialized purposes. For example,

silk-screen printing is sometimes used ro print
colored designs on fabric, wood, plastic, or metal.

It is also used for limited printings of fine art. In
silk-screen printing, a stencil (pattern) is made of
the design. If the design has more than one color,

a stencil is made for each color in the design. The
stencil or stencils are then glued onto a fine silk
mesh. A rnesh is a fabric with tiny holes. The silk
mesh is then placed over the surface to be printed.
Ink is forced over the mesh by a rubber blade

called ar squeegee. The ink passes through the
areas of the mesh where there is no stencil but can-

not pass through the areas where the stencil is

attached. This produces the design on the paper.

In ink-jet printing, tiny nozzles spray ink on a

surface, usually paper, to form letters, numbers, or
othcr images. The nozzles are controlled by a

computer. Ink-jet printing is often used fbr print-
ing jobs in which some of the informarion
changes. For example, ink-jet printing is olten
used to print form letters in which the name and

erddress changes.

^/
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COLOR PRINTINC
A rotary color printing press using a web (paper wound off a

roll) has four sets of cylinders, 0ne set each for yellow,
magenta, cyan, and black.

basc. When light is shone on the negative ar-rd the

plastic durirrs the plate-making stage, the imagc

areas harden in the plastic. 'l'he nonimage areas

remain soft. Thcv are then removed by different
means, such as water or bl:rsts of arir. However, this

new method produces printccl material of poorer

qualitv than those printccl with the old rnethod.

A flatbcc{ press may be used in lettcrprcss prinr-
ing. In a flatbed prcss, the printing plate or frame

is placed on a flar area callec{ a "bed." The bed

moves back and fbrth between inking rollers and

arr impression cvlinder. The inking rollers and the

impression cvlinder are side bv side. The first
position of the bed is uncler the inking rollers,

I st7



PRI

PRISM (priz'am) A prisrn is a transparent object

that bencls light and breaks it r-rp into rainbow col-

ors (see (lot.ol{; LI(lH l). Prisn'rs can have many dif-
ferent sl'rapes.'fhe most common kind has two end

faces that are triangles. Joining these end faces are

three oblong faces.

Prisms made from glass are uscd in optical instru-

ments. Sornetimes, they are used fbr reflecting light
(see ll.F.lrt.trc't lON ()F l.lCH'l'). More often, they are

r-rsed for dispersing light. If light hits the side of a

glass prism at an angle, it bends as it passes into the

prism. f'he amount that the light is bent depends

on its color. For exanrple, red light is bent less than

blue light. White light is a mixture of colors of
light. When white light enters a prism, it becomes

separated into its variou.s colors. This is called dis-

persion (see DISPF-RSION OF LIGH'l').

Prisms are used for dispersing light in instru-
menrs called spectroscopes (see sPL,c't'ROSCtolE). In
microscopes, prisms are used for changing the

direction of light:rnd for splitting up the light.'fhe
splitting is done by shining a beam of light onto an

edge of the prisrn. Part of the beam is reflected from
one face and part frorn the other. Prisms are also

used for beam splitting in binoculars.

.See also BINOCUI.ARS: MICROSCOPF,.

PROBABILITY (prob'a bil'i te) Probability is a

branch of mathematics that deals with the laws of
chance . A simple example of the laws of chance is

tossing a coin. The coin can turn up either heads or

tails. Both are equally likely. Therefore, the proba-

bility of heads is r/2, and the probability of tails is rlz.

If you ross two coins, the situation is a little more

complicated. There are now four possibilities:
head-head, head-tail, tail-head, and tail-tail. All
four situations are equally likely. Therefore, the

probability of each is rl+. Head-tail is the same as

tail-head. Therefore, the probablity of getting
heads once and tails once is 1lz. The probabilities

then are head-head (ri<), tail-tail (14), and head-tail
(or tail-head) ("r). The total probability for all

events always adds r-rp to one.
'l'he probability of one coin turning up heads

is l/u, and the probability of tossing a coin twice

and getting two heads is rl+. This shows that

probabilities are combined by multiplying theni

together, since l/: x l/2 = l/1. In the same way, sup-

pose that yolr toss a coin ten times. The probability
of getting ten heads is rl2 multiplied by itself ten

times. This is l/r.oz+. Therefore, there is one chance

in 1,024 that heads will come up ten times in a row.

Probability never tells what will happen in any

particular case. It only predicts the likelihood of
particular events. For example, it is equally likely
that a coin will land heads or tails up. However,

suppose that it lands heads up the first time. This
does not mean that it will definitely land tails up

the second time. The probability of heads coming

up on any particular toss is always l/2.

What is the probability of drawing a heart from

an ordinary deck of cards? The number of possible

outcomes is fifty-two (the number of cards in a

deck), of which thirteen are hearts. Therefore, the

probability of getting a heart is 13152 = tr+.

Probability is used in many fields in which the

chance of a certain eventt happening needs to be

calculated. Insurance companies usc probabilities
to calculate the amount that they charge their cus-

tomers. Probability is also used in physics. For

example, the behavior of a certain electron in an

atom can never be accurately predicted. However,

P =1tz

P=1/o

P = 1/z,sgs,goo

PROBABILITY

To calculate the probability (P)of an event happening, divide
1 by the number of ways in which the event can happen. A
coin can fall in 2 ways and a die in 6 ways. Some probabilities
can be extremely small. The probability of choosing 5

particular cards from a deck oJ 52 cards is 1 in 2,598,960.
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the likclihood of certain kinds of behavior can be

calculated. The laws of probability are used to cal-

culate the likelihood of such behaviors.

PROBOSCIS MONK,E,Y

The male proboscis monkey has a huge proboscis,0r n0se,
that hangs down over its mouth.

PROBOSCIS MONKEY (pro b6s'is mirng' ke)

The proboscis monkey lives in the swamps of the

South Pacific island of Borneo and is a good swim-

mer. The male has a huge proboscis, or nose, that

hangs down over his mouth. It is r-rsed like a trumpet

to produce a loud, howling alarrn call. The female's

nose is smaller. A large nale may grow 30 in. [75 cm]

long and have a tail at least that long. The male may

weigh as much as 55 lb. [26 kg]. The female is

smaller and lighter. Both sexes have reddish brown

hair with light tan hair on the belly.

Proboscis monkeys are herbivores and usually eat

leaves (see HF.RIIVORn). 'fhey live in groups of
about twenty. The female gives birth to one off-

spring once or twice a year.

See also N{ONKF.Y.

PROCAINE l'rocaine is a synthetic (human-

made), organic (carbon-containing) chemical that is

used in dentistry and surgery as a local anesthetic. It
is commonly known by its trade name, Novocain

(see ANESTHn1'tci). When injected, procaine deadens

nearby nerves without harming them. lts effects

wear offafter a short time. Unlike some anesthetics,

PRO

procaine is not poisonous or addictive.

Procaine was introduced in 1905 as a substitute

for the then-popular anesthetic, cocaine (see

cOCAINE) . In recent years, procaine has been

replaced, in large part, by two new drugs, lidocaine

and mepivacaine. These drugs are faster, stronger,

and lorrgcr lasting than procaitte.

Se e a/so I)RU(;.

PRODUCER tn the natural world, a producer

is an organisrn that cat-r make food from simple

materials. Green plants and algae are the main pro-

ducers on Earth (see Rlcan; PLANT KINGDoM).

They make food from water and carbon dioxide

with the aid of sunlight. This process is called pho-

rosynrhesis (see I'HOTOSYN'fHESIS). Some bacteria

can also make food by photosynthesis and by other

chemical processes (see nncllnrn). Animals cannot

make food. 'fhey have to get their food from
plants, so animals are called consumers (see coN-

suN4ER). Primary consLrmers get their food by eat-

ing plants. Secondary consumers get their food by

eating arnimals that have already eaten plants.

See also FOOD (.HAIN.

PROJECTOR A projector is a device used to

show enlarged pictures on a screen or a wall.
Proiectors are most commonly used to show pho-

tographic slides and movies.

The simplest projector consists of a light source,

a reflector that focuses the light, a focusing lens,

and a projector lens. A powerful light is needed to

project images onto a screen. Most projectors use

an incandescent bulb of about one thousand watts

(see INCANDESCENCF.; LIGH-I'; \7ATT). The reflector,

located behind the bulb, is a concave (inward-

curving) mirror. It focuses the light rays forward

through a thick focusing lens. The focusing lens is

flat on the side facing the bulb, and convex (out-

ward-curving) on the other side. Light rays enter-

ing the lens are bent inwar:d and brought together.
-I'he concentrated rays then pass through a photo-

graphic slide or film that is placed so that its image

is r.rpside down. The final lens, the projector lens,

reverses and enlarges the picture, which apPears

right side up on a screen or a wall.
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Beflector Focusing
lenses

PROJECTOR

A slide projector has a lamp, reflector, and various lenses

Slide projectors are r-rsed by teachers ancl busir-ress

people to illustrate sr-rbjects being discussed.
Lecturers also often use projecrors in this wav.

Movie projectors havc clectrically powered reels

that move the film between the bulb and project-
ing lens at high speed.

See dko MO I ION l)l(l'l'URI-..

PRONCHORN The pronghorn is an ungulate
(hoofed mammal) sometimcs called the American
antelope (see UNciULn't'u) . Howeve r, the prong-
hom, which has branched horns, is not:r true ante-
lope. It has no close relatives. Pronghorns livc in
North America, from Canada to Central Mexico
and lrom lowa to near the Pacific coast.

The pronghorn has a thick body, large cars, and

thin legs. It varies in color from tan to redclish

brown. 'l'he ar-rin-ral has lvhite tnarkings on its
undcrparts, rump, heacl, ancl throrrt. -l-hc 

buck
(nralc) stancls about 35 rc 4l in. [89 to 104 cm] at

thc shoLrlc{cr. It u'e ighs I 00 to 140 lb. 145 to 64 kg1.

The anir-nal's horns average 1 ft. [30 cnr] long,
alrhough sonre arc 20 in. [50 crn] long, ancl have a

black covering. The prongl"rorn is the or-rh,anin'ral

in the world that regularh'sheds thc covcring olits
horns.

Pronghorns are grazers that live on opcn grass-

land. Each buck often lives with several does
(fbrnales). Pronghorns uslrally bear twins in thc late

spring of each I'car.
Pronghorns :rre social aninals that garher ir-r large

hcrds, cspeciailv in winter. Herds mav conteir-r scr,-

eral hundred aninr:rls. Thcv arc probablv the fnstest

large mammals of North America. 'l'hey arc knowrr

to run at a rate of 40 m.p.h. [6a kph]. Once an

endar"rgered species, pronghorns ilre now estinrarcd

to number at least 250,000. In severrrl western

states, hunting oltthc prongl'rorn is norv legal.

S e e'z ls o AN' l'L.l-( ) l)F.: F.N I );\N(, F.lt F.l ) S I)F.(. I F.5.

PROPANE I'ropane (CrHs) is a colorless flanr-

mable gas (scc Irl.Al\1N{AIll.t'.; {;AS). It is a hyclrocar-

bon (see HYI)R()(./\R.lloN). Pro;ranc occuls irr

natural gas (see Nrfl'L.rRr\t. (;r\S). It is used as a fucl,

oltcn mixed with anotl-rer hydrocrrrbon, btrtane. lt

PRONGHORN

The pronghorn is an
antelopelike animal that
lives in North America, lt is
not a true antelope-true
antelopes live in Africa
and Asia.
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is also used for manufactur-ing other chcmicals-
ethene ancl propene, lor exarnple. Thcse cherr-ricals

are used to make thc plastic polvcthvlene.

See also l)l.AS Il(..

PROPELLER A propellcr is a fanlike dcvice fbr

proclucing n'rotion that is mounted on a power-dri-

ver"r shaft. A propcller moves a ship or airplane flor-

ward by the action of its blades in water or air.

Marine propcllers range in diameter from l0 in.

[25 cnr] for small boats to B ft. 12.4 cm] fcrr the

avcrage large ship. I-:rrgc trrnkers have propellers

nearl\' 25 ft. 17.5 m] in diameter. A marinc pr.',-

peller bitcs it-tto the watcr mucl-r thc way a screw

bites into wood. \(/atcr f'lows over thc surface of thc

bladcs, and becausc of their shape, a force is pro-

duced that is parallcl to the axis of the rotation of

PROPELLER

This airplane propeller (above) is a variable-pitch type-the
angle of the blades can be adjusted in flight for maximum
engine efficiency. The large four-bladed ship's propeller
(right) is located just in front of the rudder, to give maximum
maneuverability. The worker is cleaning barnacles off the
ship in the repair yard.

PRO

the propeller. 'fhe forcc, called thrust, clrives the

ship forward. Thc sarne principle applies to pro-

pellers on airplancs.

Thc pitch of a propellcr is the anglc that the

blacles are set on the hub. l'itch also means the dis-

tance the propeller would advance (move forward)

with each rotation if it were cuttit-tg it-rto son'rcthing

solicl, like wooc'I. Howevcr, the marinc propeller

docs not advance this full distance bccause water

does not offer as much resistance as a solid woulcl.

Thc differencc between the pitch and the actual

distancc the propcller does :rdvance in watcr is

callcd slip. Slip usr-rallv amounts to about 15 pe r-

cent, cven with the most elflcicnt marine propeller.

Outboard rrotors and other marine engincs used

in small pleasure crafts usuallv havc two-bladed

propellers. Larger crafts havc three- or four-bladed

propellers. Propellers on ships with a single enginc

rotate in a clockwise direction, when seen from the

rear. 
-lwin-engine 

vessels usuallv have propellers

that rotate in opposite directions. The propeller on

the right side rotatcs in a clockwise direction, and

the propeller on the lelt side rotatcs in a counter-

clockwise clirection. Ships with one propcller that

turns clockwisc tend to vcer to the right because of
the direction of the propeller rotatiort. Ships' pilots
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overcome this tendency with a slight correction in

the steering. 'lwin-engine vessels are easier to han-

dle than single-engine ones.

Airplane propellers have two or more blades fixed

to a central hub. A fixed-pitch propeller is onc in
which the pitch, or angle of the blades, is fixed.

Most airplanes with propellers today have variable-

pitch propellers. In constant-speed propellers, the

angle of the blades is adjusted continually to allow
efficient operation at every flight speed. The angle

of the blades can be adjusted while the propeller is

spinning. The adjustnrent is clone either manually

by the pilot or automatically to give the most effi-
cient blade angle lor different conditions of flight.
Some propellers can be "feathered." 'l'his means

that, in the event of engine failure , the blades can

be adjusted so that their leading and trailing edges

are parallel to the path of flight. This lessens air

resistance and prevents cngine damage. Propeller-

driven airliners and cargo planes have reversible-

pitch propellers. The blades can be adjusted so that
the propeller produces reverse thrust. This helps

heavy airplanes slow down and stop on short or icy

runways where wheel brakes are not very effective.

See AIso AIRPLANE; SHIPS ANI) SHIPI]UILI)ING.

PROPRIOCEPTION (pro'pr€ o sEp'shan)

Proprioception means "awarencss of self." It is the

internal sense through which the brain constantly
receives information about the body's position,
balance, and internal condition. Most animals
have proprioceptors of some kind. Vertebrates
(animals with backbones) have "position" recep-

tors located in striated muscles and on the surfaces

of tendons (see vusct.R; TF,NDON). These position
receptors sense muscle length and tension. For
example, proprioceptors in humans keep the brain
aware of the position of the arms. The brain can

then send the proper signals to the muscles in each

arm so that the arm moves in the desired way.

Arthropods, such as insects, and some otirer inver-
tebrates (animals without backbones) also have
"position" receptors. They are located on the out-
side surfaces of the muscles and in the f oints and

are particularly important in keeping flying insects

on a steady course.

In orclcr for an aninral to kcep its balance, it has

proprioceptors that respond to gravity (see (iIL{V-

t t v). Many invertebrates have a balancing structure

called a statocvst. The statocyst is a fluid-fillcd
chamber with tiny hairs and free-floating, sandlike

granules. ti7hen the anirnal changes position, the

granules float against the hairs, sending a signal to

the brain. Most vertebrates have a similar structure

in the ear (see trAR).

In human beings and many othcr animals, thc

proprioceptors send signals to a part of the brain
callecl the cerebellum (sce lll{AlN). 'l'he cerebellunr

also processes the signals traveling fronr thc brain to
the mu.scles. l'he ccrebellum brings together all

these signals in orcler to coordinate all of the vol-

untary (conscious) movements of the body.
Because of this, the organism is able to keep its bal-

ance and move in a coordinated way.

See nko NERVOUS SYSTF.M.

PROSPECTING Prospecting is searching lor
deposits of minerals and certain other valuable sub-

stances (see MINL.RAL-). ln the United States, early

prospectors were enchanted by the pron-rise of rich

discoveries of gold, silver, and other precious met-

als. These people traveled throughout the west,

often leading lonely lives and suffering terrible
hardships. Most early prospcctors had no scientific
training. They depended mainly on luck to dis-

cover deposits. Their sin-rple equipnrent included

picks, shovels, and pans.

Modern prospecting Prospectors today are usually

qualified gcologists who have been trained in
chemistry and physics (see (;F,ol.ocv). They use a

wide range of scientific equipn-rent. 'l'hey also use

geological maps. These rnaps show rock outcrops

on the earth's surface and also indicate how rock
layers dip beneath the surface. Geologists can

therefore use these maps to get information about

underground structures (see (lt.Ol.()CIclAl. l\{Al)) .

Aerial photographs, including infrared pictures
from spacecraft, show features that cannot easily be

seen on the ground. Geologists can also analyze

samples of rocks and determine their rehrive ages

from fossils (see FOSSIL). In rcccnt ycars, thesc
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PROSPECTINC

A prospector is a person,
usually a geologist, who
looks for signs of deposits
of minerals and other
valuable substances in the
earth. While some
prospecting is still done on
foot (right), airplanes and
helicopters filled with
scientific instruments are
now often used to prospecl
for natural gas, petroleum,
and other substances.

scientists have been able to find out much about

the rocks beneath the su.rface r-rsir-rg geophysical and

geochemical methods. All this information helps

geologists figure out whcthcr particular areas arc

likelv to contain vah-rable substances.

Particular su.Lrstances are found under particular

conditions. For examplc, petrolellm (oil) and natural

gas are found mostly in seclimcrrtary rocks, including
sandstone and limestone. Large quantiries of these

fuels build up in special rock structures called srruc-

tural traps. A very comrnon type of trap is an upfold
in rocks called an anticline (see ax't'lt:t.tNF.; NATURAL

(iAS; PL'I ROLLLJM; SF.[)IMF.NTARY RoiIK). Geophysical

prospecting and geochemical prospecting help geol-

ogists identifu specific conditions under which par-

ticular substances rnight be found.

Geophysical prospecting (ieophysical prospecting

includes seisrnology, the scientific study of earth-

quakes (see S[lSN,lOLO(lY). Seisnrology is especially

important in the search for oil ar-rd gas.

Gcophysicists set up explosives in the ground and

PRO

so generate small shock waves. Using an instrument
called a seismograph, the geophysicists record the

path of the waves as they travel through the earrh's

crust. Because rock layers of differing densities
reflect (throw off) and refract (bend) waves in dif-
ferent ways, seismic studies give much information
about rock structures under the ground.

Another geophysical method involves the study
of local variations in gravity (see GRAVITv). Using
instruments called gravity meters, geophysicists can

discover variations in rock densities and informa-
tion about rock structures. Magnetometers are used

to find minerals with magnetic properties (see

MAGNETISM). Magnetometer surveys are often car-

ried out by aircraft. Measurements of electrical
conductivity are especially useful in locating met-
als, which are usually better conductors of electric-

ity than nonmetals (see (IONDUCI l'lON OF

ELECTRTCiTY).

The chief instruments used in geophysical
prospecting for radioactive substances, such as ura-
nium, arc Ceiger counters. Geiger counters
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measure the amounts of radioactive substances in
rocks (see (l [,](; III{ CO U N'l'F-R; RAI)l OACTIVITY).

Geochemical prospecting Geochemical prospect-
ing applies the study of chemistry to the search for
valuable substances. For example, geochemists may

find clues to important reserves from a chemical

analysis of water, soil, or plants. The presence of
trace elements at the ground surface may point out
large deposits under the ground. (Tiace elements

are chemical elements in very small amounts).

After collecting information by all available
methods, prospectors analyzc the information and

determine places that desired substances are mosr

likely to be found. Next, they drill holes in likely
areas. This helps them determine the richness and

extent of deposits before extraction (removal)

begins. Most searching is done for deeply buried
deposits, because most surface deposits have been

discovered. Such prospecting is undertaken only
after careful study because of the expense of drilling
deep underground.
See A/so GL,OCHLMIS'I.RY; GF,OPHYSICS; MINING.

PROSTACLANDIN (p16s'ta glan'din)
Prostaglandins are a group of chemicals found in
the bodies of mammals, including human beings
(see nl,ttr,tvRt.). Prostaglandins play an important
role in regulating the body's control systems,

including the endocrine system and the nervous

system (see ENDOCRINL-; NF,RVOUS SYSTEM). Many
scientists consider the prostaglandins to be hor-
mones or hormonelike substances (see HORMONE).

Since prostaglandins were discovered in the early

1930s, at least sixteen different kinds have been

identified. All are types of fatty acids (see lat').
Prostaglandins affect many different bodily

processes in many different ways. They help regu-

late blood pressure, pulse rate, smooth muscle con-

traction, stomach acid production, and the use of
fat stored in the body. Prostaglandins also help reg-

ulate production of hormones by various glands of
the endocrine system, including the pituitary, thy-
roid, and adrenal glands.

In the near future, prostaglandins may be used as

drugs to treat many disorders, such as asthma,

arthritis, high blood pressure, and stomach ulccrs.

They stimulate contractions of the uterus in preg-

nant women. Thus, they are sometimes used to

induce labor in childbirth.

PROSTATE (pr6s'tat') The prostate is a gland of
the reproductive system of all malc mammals (see

MAMMAL). It is located at the base of the bladder

and partially surrounds the urethra. The bladder

stores urine before it is elin-rinated from the bodv
through the urethra. The urethra also eliminates

sperm (male sex cells) fronr the body. The sperm

are originally stored in the testicles and in the epi-

didymides, which are tubes that rest on top of the

testicles. The sperm travel from the epididymides

to the urethra through other tubes called vasa def-

erentia. Before sperm enter the urethra, they are

mixed with a whitish fluid from the prostate gland
and from structures called the scminalvesicles. The
fluid helps the sperm live and travel once they are

deposited inside the female's vagina. J'he combina-
tion of this fluid and sperm is called semen (see

C LAN D ; RF.PRODUCTIVI, SYS'I'tM ;'l'L.S'l'l Ct-F-).

The prostate is reddish brown and is normally
slightly larger than a walnut. It is made up of three

rounded parts lying side by side within a casing of
fibrous tissue. T'he prostate's growth and function
are controlled by androgens, hormones found in
both males and females. However, males usually

have larger amounts of androgens than females (see

HORMONF.).

As males grow older, their prostates tend to
enlarge. By age seventy, there is a 50 percent chance

that a man's prostate is enlarged. By age eighty,

there is an 80 percent chance. This condition can

be dangerous because of the prostate's location.
Because it partially surrounds the urethra, which
carries urine as well as semen out of the male's body,

an enlarged prostate can interfere with the rate that
urine leaves the body. Infections can result.

Prostate cancer is also very common in older
males. By the time a man reaches age seventy, there

is a 50 percent chance he will have prostate cancer.

Prostate cancer can be treated with hormones and
radiation. The prostate is also sometimes removed.

See AIso CANCLR; RADIAI.ION THF,RAPY.
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PROSTHETICS (pr6s thEt'iks) Prosthetics is

the branch of n-reclicir-re tl-rat cleals with the use of
prostheses (plural <'tf prosthcsis). A prosthcsis is an

artificial structllre , ofte n macle of ceramic, plastic,

or stainless steel, that replaces a missing or defective

part of thc bodr'. Prostheses are also sometimes used

fbr cosmetic purposes. An artificial tooth or arm is

an ex:rmple ol a prosthesis that replaces a missing

bocly part. Artificial blood vessels, bones, heart

valves, and joints arc prosthcscs that rcplace defec-

tive bocly parts. A nose that was darnaged and

rebuilt is rrn example of a cosmetic prosthesis. Some

prosthcscs clo t'rot rcplacc the bodv part but instead

perform the part's function. For example, an artifi-
cial pacemaker in-rplanted in the bodv does the

worl< olthc boclv's nattrral pacemaker. A pacemaker

controls the beating of the heart (see I)AcI--NIAKI-.R).

A kiclnev diah'sis machine, which is periodically
attached to the outsicle of thc body, does the work
of the kidnevs (see ntnt.r-.st.s).

Besides medicine, prosthetics also involves other
areas of science, such as cnginccring. As tcchnoIogv

has progressed, prostheses have become more nat-

ural in their use as weil as thcir appearance. For

example, natural-looking artificial limbs may bc sct

in motion by electric nlotols. The motors are con-

trollccl by electric signals pickecl up frorn the nerves

in the patient's bodv. With new sLlrgery techniques,

prostheses are also now bcing implanted and r-rsed

in very delicate areas, such as thc inner ear.

A relatively new area of prosthetics involves bio-
logic prostl'reses. A biologic prosthesis is implanted
in the body to gi,,'c the body a chance to replace a

rnissing or dclcctive bodv part on its own. For
example, synthetic (human-made) hvdroxyapatite

can be implantecl in the bocly. Hydroxv.iprltitc is

the basic mineral compound that makes up bone

and tooth enamcl (see RONIr; COMPOUNI); N.llN-

t-RAl-; l L.L.l H) tsy supporting the structure of a

darnaged bonc or tooth, the synthetic hydroxyap-

atite gives natural bone or tooth tissue a chance to

grow back. A fabriclike in-rplant is used in a similar
way to givc natural skin a chance to grow back after

damage due to burns or other causcs.

See a/so I\{l't.AN l.Al lONt N,lF-t)l(lAl. t-N(;lNt-t.RIN(;:

l,t_AS'l't(. s L_:R(; t_R\'.

PROSTHETICS

Artif icial limbs and other modern prosthetic devices allow
many people, such as the girl above, to do more than they
could otherwise.

PROTECTIVE COLORATION Protective

coloration is a color or pattern that makes an

organism less visible to its enemies. Many animals

have colors that blend in with their surroundings

and make them difficult to see. These animals are

said to be camouflaged (see CAMOUFLAC,E).

There are many different tvpes of protective col-

oration. In countershading, thc lowcr part of the

animal's bodv is light colored, and the upper part is

dark colored. In bright sunlight, this arrangement

reduces the differences between the shadows and

the animal's bodv and allows it to blend in even

more effectivelv with its surroundings. In object
resemblance, also called protective resemblancc, an

animal looks like something else, such as a rock, a

twig, or perhaps a dead leaf. It is then ignored by its

enemies. Disruptive coloration consists of bold
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PROTECTTVE COLORATION
This young plaice's protective coloration allows it to blend
into its environment, hiding it from enemies. The fish has the
type of coloration known as object resemblance.

patterns of colors that break up an animal's outline
and conluse its encmies.

See also MIMICRv; \TARNING coloR{r'roN.

PROTEIN A protein is a complex chemical
compound that is made of a chain of amino acids

(see AMINO ACll); (IOMPOUND) . Proteins are neces-

sary for the survival of every living organism. They
work in many different ways. An important group
of proteins, called enzymes, affect many of the

chemical reactions that make up an organism's

metabolism (see nNzvH'lF,; MIrTABoLtsv). Another
important class of proteins are the structural pro-
teins. Collagen is one of the most important of the

structural proteins. It is found in almost all organs

and gives strength to bone, cartilage, and tendons
(see COI.I.AGEN).

A protein that is foreign and potentially harmful
to the body is called an antigen. The effects of an

antigen are offset by a protein called an antibody
(see ANTIBoDY). Some hormones, such as insulin,
are also proteins (see I{ORMONE).

Each amino acid in proteins has carbon, nitro-
gen, oxygen, and hydrogen in it. Some amino acids

also have small amounts of other elements. Plants

make their own amino acids, so they can also make

their own proteins. Animals (including human
beings) are able to make some, but not all, of the

necessary amino acids. The amino acids that ani-

mals cannot make themselves are called the

essential amino acids. Animals must get the essen-

tial amino acids from the food they eat.

Milk, meat, nuts, and certain types of beans and

peas are examples of foods rich in proteins (see

NUTRITION). \When an animal eats protein-rich
food, the proteins are broken down into individual
amino acids (see DIcILS'I'ION). The amino acids are

then used by the body to make different kinds of
proteins through a series of complicated chemical

reactions known as protein synthesis (see RNA).

Protein-rich food is necessary for the well-being of
an organism. Because humans cannot store amino
acids, protein-rich food should be eaten every day.

Insufficient protein may cause brain damage, men-

tal retardation, and other unhealthy conditions.
See a/so t)EFICIF.Ncy DISF.ASES; DIET; FooD.

Milk and other dairy products are among the foods that are
high in proteins.

PROTEROZOIC ERA (prdt'ar a zo'ik Er'a)

The Proterozoic era is the final division of
Precambrian time in the earthb history (see t,RE-

CAMBRIAN TIME). Although the starting date of the

Proterozoic era is disputed, many scientists agree

that it began about 1.85 billion years ago. It ended

about 570 rnillion years ago, when the Cambrian
period began. It is the time when some kind of
primitive life existed on the earth (see cAMBRIAN

PF.RrOr)).

No Proterozoic animals had shells, and so fossils

are very rare. Proterozoic fossils include jellyfish,

worms, and other primitive invertebrates (animals

without backbones).

See a/so FOSSIi.; cEOLOGICAL 'l'lML, SCALE.


