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a RESPTRAToRY SySTEM

Most living organisms change energy that is locked

in molecules of digested food into a form that can

be used by the cells. This changing is done in a

complex process called respiration (see MF,'IABO-

LISM; RESPtn+rloN). In order to do this, these

organisms need a way to get oxygen from the air.

They must also be able to put carbon dioxide, a

waste product of respiration, back into the air. This

part of respiration-taking in oxygen and giving
off carbon dioxide-is called external respiration.

In human beings and other animals, it is also called

breathing. The human respiratory system (rEs'par a

t6r'€ sis'tam) is responsible for carrying out the

breathing process (see RRnnrurNc).

Human beings breathe in and out through the

nose and mouth. tVhen air enters the nose, it is

warmed and moistened before it enters the lungs
(see Nosn). In addition, the nose helps remove

small particles of dirt and dust. The nose and

mouth are joined in the back of the mouth in an

area called the pharynx. A tube called the trachea,

or windpipe, also opens into the pharynx (see TRA-

cnla). At the top of the trachea is the larynx, or

voice box (see LARYNX). The larynx contains the

vocal cords, which vibrate to make sound. The tra-

chea is next to and in front of a tube called the

esophagus. The esophagus leads to the stomach.

There is a flap of skin-covered cartilage , called the

epiglottis, located at the top of the larynx (see cen-

TILAGE). -When a person eats or drinks, muscles in
the neck pull the epiglottis and trachea together,

sealing the trachea so that the fbod or liquid cannot

accidentally enter it. Sometimes, however, food or

liquid may enter the trachea by mistake. This
causes the person to cough in an attempt to clear

the foreign material out of the trachea.

As it nears the top of the chest, the trachea

divides into two smaller tubes, each of which is

called a bronchus. Each bronchus splits into several

smaller tubes called bronchioles. The trachea,

bronchi (plural of bronchus), and bronchioles all

have rings of cartilage that keep them open. They

are also lined with cilia (plural of cilium), which trap

tiny particles of dust or dirt in the air (see clLluM).

The bronchioles divide into snaller arnd smaller

tubes and cventually end in clusters of alvcoli,

which are round air sacs (see luNct). Each lung has

millior-rs of alveoli. 'l'he alveoli have thin walls that

contain nany capillaries (tiny blood vessels).

There are two lungs, both of which lie in the air-

tight thoracic cavity (chest). The lungs are con-

tained in a thin, tough membrane qrllcd the pleura.
-I'he thoracic cavity is protected by the ribs and the

muscles between the ribs, which are called the

intercostal muscles. At the bottom of the thoracic

cavity, below the lungs, is m powerful, dome-shaped

muscle called the diaphragm (see t)tAPHRA(;M).

A person's breathing is automatically controlled

by the respiratory center in the brain. fhis center is

chiefly sensitive to the amount of carbon dioxide in

Nasal cavity

External openings

lnspired (inhaled) air

Expired (exhaled)

air
La rynx

Trachea (windpipe)

Rib

Bronchioles

HUMAN RESPIRATORY SYSTEM

The human respiratory system extends from the nasal cavity
t0 the diaphragm. Air entering via the nasal cavity passes to
the pharynx, pastthe epiglottis and larynx, and into the
trachea (windpipe). The epiglottis prevents food from
entering the trachea. The trachea branches into two bronchi
(pluralof bronchusl, which lead into the lungs and subdivide
into many bronchioles.

Diaphragm
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RESPIRATORY STSTEM

the blood. If there is an increase in carbon dioxide,

such as during strenuous exercise, the respiratory

center sends more nerve signals to the muscles that

control breathing. As a result, the person breathes

faster. It is possible for someone to hold his or her

breath, or stop breathing, for a while. After a short

time, however, the person can no longer do so, and

the automatic breathing starts again. The respira-

tory center in the brain also responds to the amount

of oxygen in the blood. In addition, the rate of
breathing is influenced by adrenaline, a hormone

from the adrenal glands (see ADRENAL cLANDS).

Breathing has two parts: inspiration (inhaling, or

breathing in), and expiration (exhaling, or breath-

ing out). When a person inhales, his or her chest

expands, and the lungs fill with air. To do this, the

diaphragm contracts and moves downward. At the

same time, the muscles between the ribs also con-

tract, moving the rib cage upward and outward.

After inhaling, there is a short pause belore exhal-

ing begins. \When a person exhales, the diaphragm

and rib muscles relax, the chest becomes smaller,

and air is forced out of the lungs.
\With each normal breath, a person changes

about 10 to 1 5 percent of the air in his or her lungs.

\7hen resting, an adult inhales or exhales about 0.5

qt. [0.5 liter] with each breath. This is called the

lnhaling

'Air

.1.

r\'
,i-Trachea (windpipe)

tidal capacity. During heary breathing, a person

may exchange about 4.75 qt. [4.5 liters] of air with
each breath. This is called the vital capacity. There

is at least 1.5 qt. ll.4 litersl of air in the lungs at all

times. This is called the residual capacity. The total

lung capacity of an adult man is about 6.4 qt. 16

liters]. It is usually less in women and more in
trained athletes.

When a person inhales, air fills the alveoli. The
capillaries in the alveoli are so tiny that red blood

cells have to go through one at a time . Oxygen dif-
fuses through the thin capillary walls and com-

bines with hemoglobin in the red blood cells (see

BLOoD; HEMOGLOBTN). The oxygen-rich blood
then flows back to the heart, which pumps it
throughout the body. In the tissues, the blood
once again enters tiny capillaries. Here, the oxy-

gen is freed from the hemoglobin. The oxygen

then diffuses into the tissues and cells. Carbon

dioxide diffuses out of the cells and tissues into
the capillaries. Most of the carbon dioxide is dis-

solved in the watery plasma of the blood. \When

the blood returns to the lungs, the carbon dioxide

is released and is exhaled. The whole process

repeats itselfevery few seconds.

See nlso CIRCULATORY SYSTEM; DIFFUSION.

Q pnojEcr c+

BREATHING
Exhaling lnhaling (inspiration) and

exhaling (expiration) take
place when a person
breathes. During inhaling,
the chest r*pun-dr, and i'he
lungs fill with air. To do this,
the diaphragm contracts
and moves downward. At
the same time, the rib cage
moves upward and
outward. During exhaling,
the diaphragm and rib
muscles relax, the chest
becomes smaller, and air is
forced out of the lungs.
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REVERSIBLE REACTION ln chcmistry, a

reversible reaction is one that can proceed in either

direction. The reaction of sulfur dioxide and oxy-

gen to make sulfur trioxide is a reversible reaction

used in the manufacture of sulfuric acid.

2SO2+O::2SO,r

All three substances are present in the reaction mix-
ture. The fact that the reaction is rcversible is
shown by the double arrows. The direction in
which a reaction proceeds depends on the temper-

ature, pressure, and concentration of the sub-
stances. At a particular temperature, pressure, and

concentration of substances, the reaction is in equi-

librium-that is, both forward and revcrsc reac-

tions proceed at the same rate-and the amounts of
each substance in the reaction remain consranr.

See a/so CHEMI(IAL FORMULAS AND F.QUATIONS;

L,QUrr.mRrLJM.

REVOLUTION A revolution is a movemenr

that takes an object round in a circular (or near-

circular) path so that it returns to its starting point.
The earth and other planets revolve around the

sun. The earth takes one year to complete one rev-

olution around the sun. A spinning object, such as

a spinning top, revolves around a line or axis. Each

part of the top follows a circular path around the

axis as the top spins. The parts complete one revo-

lution for each turn of the top.

See also ORBI'l'.

RHESUS FACTOR The Rhesus factor, or Rh

factor, is a protein found on the walls of red blood
cells (see Bt-ooD). It is named after the rhesus mon-
keys in which it was first detected. There are at least

33 different types of these proteins, which are types

of antigen. People are described as being either
Rh-positive (where the Rh factor is present) or
Rh-negative (where it is not). However, only one of
the Rh antigens is important. It causes a very
strong immune reaction if it is introduced into a

Rh-negative persont bloodstream (see IMMUNII'Y).

This is most likely to happen when a woman gives

birth, if the baby is Rh-positive and the mother is

Rh-negative. Il subsequent babies are also Rh-
positive, the antibodies in the mother's blood
formed after the first exposure can harm the baby,

causing destruction of the rcd blood cells and
leading to anemia, brain damage, and even death
(see exnlltR; AN-ftgooy). Becausc of this risk, Rh-
negative mothers are given doses of the Rh anti-
body after the first child is born. This stops the
reaction.

See a/so Bt-ooD TYPE.

RHEUMATIC FEVER (roo mit'ik fe'vrr)
Rheumatic fever is a serious infectious disease that
attacks the joints and the hearts of children and

young adults. Doctors believe that the disease

occurs as a result olprevious infection by a group
of bacteria called group A Streptocorri (see BAC'I L,-

RtA). However, no one knows exactly how this
group of Sneptocacci attacks the body ro causc

rheumatic fever.

The usual symptoms of rheumatic feve r are fever,

rash, and inflammation and pain in the joinrs (sce

INFIAMMAI'IoN). 'I'he tissues of the heart become

inflamed. If the heart is badly affected, rhere are

symptoms of heart failure.

Rheumatic fever is one of the greatest causes of
heart disease in young people, though sorne people

recover fully without heart damage. ln others, the

disease seriously affects the valves of the heart. l-he
results of the damage may not show up for years

(see HEART DISEASE).

Rheumatic fever can be prevented by prompt
antibiotic treatment ofgroup A Streptococci infections

of the pharynx, commonly called strep throat (see

AN,I.IBIOTIC; RESP]P-{TORY SYSTF,M; STREP THROAT).

Once rheumatic fever has developed, a doctor will
order complete bed rest until all symptoms of fever

and inflarnmation are gone. Drugs such as aspirin are

often used to relieve pain. Hormones may also be

given ro reduce inflammatiorr.

See a/so ASPIRIN; HORMONL,.

RHINOCEROS (rr n6s'ar as) The rhinoceros is

one of the largest land animals. This mammal's

large body is carried by short, stout legs (see N4AM-

tr,l,tt-). Most rhinoceroses have very little hair and
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very thick skin. The skin hangs loosely lrom the

body. The name rltinoceros comes from rwo Greek

words, rhino, meaning "nose," and heros, meaning
"horned." The animals have one or two curved
horns that stick out from the long snout. The horns

grow throughout the animal's life.

The rhinoceros belongs to the "odd-toed" group
of hoofed mammals, or ungulates (see UNGuLAIE).

The animal has three toes on each foot, each toe

ending in a separate hoofl Each Front foot also has

a fourth toe that is not used.

Rhinoceroses in the wild feed on grass, twigs,

and shrubs. In captivity, such as in zoos, the ani-

mals are fed hay and diet supplements.

There are five species of rhinoceroses. Three

species live in Asia and two in Africa. All the
species, especially the Asian ones, have been hunted
nearly to extinction and are now protected by law
(see ENDANGERED SPECIES; EXTINCTION).

The Indian rhinoceros is the largest of the Asian

rhinoceroses. It stands up to 6 ft.4in. [1.9 m] at

the shoulder and weighs up to 2 tons [1.8 metric

RHINOCEROS

Shown here are three of the five species of rhinoceros.
(1) The white rhinoceros and (2) the black rhinocer0s come
from Africa. Both have two horns. (3) The one-horned Indian
rhinoceros lives in lndia and Nepal. All species of rhinoceros
are n0w rare.

tonsl. It has one bluish black horn. The Indiarr
rhinoceros lives in marshy jungles, among reeds

and tall grass. Another Asian rhinoceros, the Javan
rhinoceros, is nearlv extinct. The third Asian rhi-
noceros, the Sumatran, has wvo short horns. It is

the smallest of all the species of rhinoceros, weigh-

ing no more than I ton [0.9 metric ton].
Both African species are two horned. 'fhe black

rhinoceros, also called the hook-lipped rhinoceros,

is bluish gray in color. The animalt front horn,
which may be 3.5 ft. [107 cm] in length, is used lor
defense. This rhinoceros lives on dry plains covered

with brush. The white rhinoceros, also colored
bluish grav, is the largest of all rhinoceroses.
Square-lipped rhinoceros is another name for this

species. Some white rhinoceroses are more than 6
ft. [1.8 m] in height and weigh about 3.5 tons 13.2

merric tonsl .

1640



RIB

RHIZOME (ri'zom') A rhizome is an under-

ground stem that often looks and acts like a root
(see ROO'l'; slEM). It is different from a root, how-

ever, because it has buds and it usually grows hori-
zontally (see uuo). Rhizomes usually produce aerial

(above-gror-rnd) stems and underground roots from
these buds. Some rhizomes become swollen with a

supply of stored food (see l'ullLlR). Plants that have

rhizomes include gingers, some irises, and some

ferns.

.S e e d ls o VF,( ; F.'l A l'lVL, PROPA(;ATION.

Himalayas and eastern Asia. Several live naturally

in North America, in the mountainous areas of the

eastern United States and Canada. These rhodo-

dendrons are evergreen, with showy white , pink, or

purple flowers (see EVERiIRIuN). Rhododendrons

are often cultivated as ornamental plants in parks

and lawns.

RHUBARB (roo'barb') Rhubarb is a plant that

belongs to the buckwheat family (see BUCK\x/HEAT

FAMTLY). It is one of the few perennial vegetables

(see lenl,NNIAL pLAN't). Rhubarb has a large, yellow

storage root. In spring, the plant sends up large

glossy leaves, up to 2 ft. [60 cml wide. The leaves

have long, fleshy stalks that grow as tall as 2 ft. [60
cm] and as thick as I in. [2.5 cm]. These stalks are

the edible parts of the plant, but the green leaf

blades are poisonous. A large, central flower stalk

bears clusters of small, greenish flowers.

The rhubarb stalks have a small amount of vita-

min C. They also act as a mild laxative (see Laxa-

TIVE). They are used mainly in pies and other

desserts.

RHUBARB

lf allowed t0 go to seed, rhubarb plants produce a large
flower stalk bearing clusters of small, greenish flowers.

RIB tn human beings, the ribs are twelve pairs of
thin, curved bones that enclose the thoracic cavity

(chest). They are attached to the vertebrae of the

backbone in the back, and circle around toward the

front of the body (see vlntnnn,t). The first seven

RHIZOME

A rhizome is a swollen underground plant stem. The rhizomes
pictured are from a ginger plant.

RHODODENDRON (ro'd: dEn'dran) A
rhododendron is a small tree or large shrub that

belongs to the heath family, Ericaceae. It is related

to the azalea and mountain laurel (see Hl,Rt'H tal,t-

tt.v). l'here are hundreds of species of rhododen-

dron throughout the world, especially in the

RHODODENDRON
Rhododendrons are grown for their large, showy flowers. ln
many places they also grow wild.
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pairs are attached by cartilage to the sternum
(breastbone) in front (see CARTILacT). They are

called the true ribs. The next five pairs are called the
false ribs. Each of the upper three false ribs is

attached to the rib above by cartilage. The bottom
two paiis of false ribs are shorter than the orhers,

reaching only about halfway around. In other
words, they are attached only to the backbone.
These are called the floating ribs. The spaces

between the ribs (called the intercostal spaces) are

filled with muscles, blood vessels, and nerves. The
ribs protect the heart and lungs. 'fhey also help with
the breathing process (see RESPIRATORY SYSTEM).

Most vertebrates (animals with backbones) have

ribs. Ribs first evolved in the fishes. Fishes have two
sets of ribs, neither of which is joined in front.
Reptiles are the lowest animals with ribs joined in
front. In snakes, each vertebra ofthe body gives rise

to a pair of ribs. In mammals, however, only the
thoracic vertebrae have ribs. The other vertebrae

have small bony stumps that are vestiges of ribs lost
during evolution (see vls.rtclAl oRGAN). The
number of ribs in mammals varies from nine pairs

in whales to twenty-four pairs in the rwo-roed
sloth.

see a/so BONF.; F.,VOLUI'ION; SKELETON.

RIBOSOME (ri'ba som) Ribosomes are small
organelles in a cell. In most cells, ribosomes are

attached to the endoplasmic reticulum, a nerwork
of canallike passages between the cell membrane
and the cell nucleus. In some cells, however, ribo-
somes are attached to rhe cell membrane. Proteins
are made on the ribosomes (see I,RO-fEIN).

Ribosomes contain a rype of RNA called ribosomal
RNA (rRNA).

See AIso CELL; CYTOI,LASM; ORCANE,I,I-E; RNA.

RICE Rice is an edible cereal crop that belongs to
the grass family (see CF,REAL CRop; GRASS). This
annual plant produces shoors that are about 3.3 ft.

[1 m] tall (see ANNUAL PLAN'I'). Each shoot carries

fifty to three hundred spikelets in a drooping head
(see TNTLoREscENCE). Each spikelet produces a

grain of rice. The grain has a brown skin called a
bran coat. Outside this is a tough husk.

RICE-New varieties

New varieties of rice are grown at a plant-breeding stati0n.
Bags over the flowers prevent cross-pollination.

More than half the people in the world rely on
rice as their major food. Rice is about 80 percent

carbohydratc, 12 percent water, and B percent pro-
tein. The bran coat is rich in the vitamins thiamine,
niacin, and riboflavin (see CIARBOHYDRA'I'L-; PRO-
-I'EIN; VITAMIN). Sometimes, this bran coat is

removed during milling. Milling is the process rhar

removes the husk. Rice with the brancoat removed

is white and is called polished rice. A person whose

diet consists chiefly of polished rice may sulfer
from a deficiency disease (see enntnlll; DEFIcTL,N{iy

DISEASES). Brown rice still has its bran coat and is

more nutritious than polished rice. Rice is some-

times steamed under pressure before it is milled.
This softens the kernels and allows the viramins
and minerals to spread thror-rgh them, so they are

not lost during milling. Rice treated in this way is
called parboiled rice. Enriched rice has addcd vita-
mins and iron (see FOOD PROCESSING). Both par-

boiled and enriched rice are white.
There arc about twenty species of rice, but only

1v7o-A.5i2n rice and African rice-are cultivated.

There are thousands of different varieties, each

suited to a particular area. Most rice is grown in
flooded fields or marshes in tropical and subtropi-
cal areas. Several varieties, called upland rice, are

grown on dry land. More than 90 percent of the

world's rice is grown in Asia. Even this is not
enough to feed the Asian people. Only about 1 per-

cent of thc world's rice supply cornes fiom the
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RICE-Planting and harvesting

Most rice is grown in flooded fields called paddies (top). Rice
grows rapidly and needs little attention while it is growing
(center). ln many southeast Asian countries, rice is still
harvested by hand (bottom). Rice grown on dry land may be
harvested using machines.

United States, and about half of this is exported.

The leading rice-growing states are Arkansas,

California, Louisiana, and Texas. In addition to its

use as a food, rice can be made into beer or into a

wine called saki.

RICHTER SCALE (rik'tar skal) The Richter

scale is a system of measuring the strength (energy)

of earthquakes. It was devised in 1935 by the

American seismologist Charles F. Richter (see

L,ARI'HQUAKL; MF,RCALI.I SCIALE; SL.ISMOLOGY). The

Richter scale starts at zero and has no upper limit.
The weakest earth tremors (vibrations) have a

Richter scale reading close to zero. The strongest

earthquake measured on the Richter scale had a
strength of 8.9. It has been calculated that the San

Francisco earthquake of 1906 would have mea-

sured 8.3 on the Richter scale.

Richter scale measurements are calculated by sci-

entists using data from a seismograph. A seismo-

graph is an instrument that records vibrations of
the earth's crust. Each number on the Richter scale

represents an earthquake ten times stronger and

releasing thirty-one times the energy than the pre-

vious number. Thus, an earthquake that measures

5 on the Richter scale is ten times stronger than an

earthquake that measures 4.

Scientists estimate that more than a thousand

earthquakes occur daily that measure less than 2 on

the Richter scale. Such earthquakes cause little or

no damage. Earthquakes that measureT or more on

the Richter scale cause widespread damage,
injuries, and demths.

RICKETS Rickets is a disease occurring mainly

in children in which the bones do not grow prop-

erly. It is usually caused by a lack of vitamin D in
the diet (see DEFICIF,NCY I)ISL.ASES; DIET). Vitamin
D plays an important role in the intake of calcium

by the bone tissue, and without it the bones

become soft and eventually bend (see BONE).

Rickets is treated by ensuring that the child gets

enough vitamin D and enough exposure to sun-

light (which changes the vitamin into a form that

the body can use). A healthy diet will contain
enough vitan-rin D.

ffil$'3&:$'
lf;rt':#,f;i;rli
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A rare form of rickets is caused not by poor diet,

but by a genetic disease called familial hypophos-

phatemia. The child carries a gene that causes his or

her body to excrete too much calcium salt from the

kidneys (see DIALYSIS; cENE). This in turn causes a

loss of calcium from the bones, and rickets develops.

The treatment is to give massive doses of vitamin D
and calcium in the diet. One day, it may be possible

to treat the disease with genetic engineering tech-

niques (see GENET'IC ENGINEERING; GF.NEI'ICS).

RICKETTSIA (ri kEt'se a) Rickettsias are a

group of disease-producing microorganisms. They

are usually regarded as a special kind ofbacteria (see

MICROORCANISM; PATHOGFIN). Rickettsias usually

enter the bloodstream of human beings by the bite

of fleas, ticks, or lice. ti7hen introduced into a per-

son's bloodstream, rickettsias can cause a number of
diseases, such as Rocky Mountain spotted fever,

trench fever, and typhus (see olsnnsl,; TNFECTION;

TYPHUS).

Like viruses, rickettsias cannot survive outside of
living cells (see vIRUS). Unlike viruses, rickettsias

can be killed with certain antibiotics or sulfa drugs

RICKETTSIA

Rickettsias are a group of
rod-shaped bacteria. They
can cause a number of
serious diseases in humans
and other mammals. These
diseases include typhus
and Rocky Mountain
spotted fever.

(see ANTIBIO'l'lC; SULFA DRUG). Rickettsias are

named for Howard Taylor Ricketts, an American

scientist who studied them. Ricketts died as a result

of rickettsial infection.

RIFT VALLEY A rift valley is a sunken area of
land along a fault. It was once thought that a rift
valley was formed by a block subsiding, or sinking

down, beween two parallel faults. Now scientists

have found that only one wall at such a valley is

RIFT VALLEY

The Great Rift Valley,
pictured here, is the longest
rift valley in the world. lt
runs along eastern Africa
from Mozambique, in the
south, to the Red Sea, in the
n o rth.

t644
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formed by a fault. The other wall is formed by the

earth's crust bending downward (see FAULI).

Rift valleys are numerous in the southwestern

United States. Death Valley is a well-known
example of a rift valley. The longest rift valley on

land is the Great Rift Valley in eastern Africa. It
runs from Mozambique through Ethiopia to
Eritrea, with a northern extension that includes

the Red Sea. Great rift valleys also occur under

the oceans.

RICHT \U(HALE The right whale is any of
three species of baleen whales belonging to the fam-

ily Balaenidae. Baleen whales do not have teeth.

Instead, their mouths contain bony plates to strain

small organisms out of the water. A right whale is

noted for its firm, thick body and huge triangular

head. The upper jaw is very curved. The lower jaw

forms a scoop.

The right whale probably gets its name from the

fact that two kinds-the bowhead, or Greenland

right whale, and the black right whale-were long

considered the "right" whales to catch by whale

hunters. These large whales gave a good yield of oil
and whalebone, and were relatively easy to catch.

Both species have become endangered because of
uncontrolled hunting. Since 1946, they have been

protected by international agreement. The third
kind of right whale is much smaller and is called the

pygmy right whale. It lives in the Southern
Hemisphere.

See also ENDANGERED spECtESi \rHALE.

RING\UIORM Ringworm is the common name

for several skin diseases caused by fungi (plural of

f""gl (see FUNGUs). The name comes from the

fact that the fungi may produce ring-shaped, red,

scaly patches on the skin. One form of ringworm,

commonly called athlete's foot, is caused by the

fungus Tinea peclis.It causes a whiteness and scali-

ness between the toes that may be followed by

painful blisters. Tinea capitis is a fungus that causes

ringworm of the scalp. It is very contagious and

may cause an epidemic among schoolchildren (see

EPIDEMIC). The various fungi (genus Tinea) that
cause ringworm infections usually fced on keratin
(protein) in the skin (see KERATIN). They may be

controlled by various fungicidal medicines sold in

pharmacies.

See also DISEASE; FUNGICIDE; INFECTION.

RICHTW}IALE
The enormous head ofthe black
right whale, also called the
Biscayan whale (above), makes
up more than a third of its body
length. A bowhead whale (left)
has a huge lower jaw that it
uses to scoop up the plankton
on which it feeds. The mouths of
both whales contain bony
plates, called baleen, that strain
plankton out of large volumes of
seawater.
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A river is a large stream of water that flows over

land, usually from a high area to a low area. The
water comes from rain, melted snow, lakes, and

springs seeping from undergrou.nd. The place
where a river begins is called its source. The river
water eventually flows into a larger river, a lake, or
the ocean. The place where this happens is called

the mouth of the river. Rivers play an important
part in recirculating the earth's warer (see wntnR
cvcu).

There are many kinds of rivers. There are fast

rivers, slow rivers, straight rivers, winding rivers,

large rivers, and small rivers. Rivers are smaller at

the place where they begin. As they flow toward
their destination, drain more land, and receive

water from other streams and rivers flowing into
them (called tributaries), they become larger. The
Mississippi River-the large st in North
America-drains nearly two-thirds of the conri-
nental Ur-rited States and part of Canada. At its
source in Minnesota, a person can step over the

RTVER SOURCE

A typical river source is pictured below. Rainwater is
trapped in a layer of permeable chalk between layers of
impermeable clay. (Permeable means "can be penetrated.")
Along the lines where the chalk and clay layers meet, the
water flows out through springs and forms streams that run
down the hillside. 0n the left side of the hill, these streams
collect in the valley to form a river.

..;"r:1.. q

START OF A RTVER

Many rivers start from a

mountain lake or waterfall (left).
The water feeds a stream, which
gets bigger as it collects more

water from side streams
called tributaries

\ 1:.

lmpermeable
c lay

Permeable
chalk

lmpe rm ea ble
c lay
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zu\.ER DELTA
The Nile River delta in
Egypt is the large, dark,
triangular area in this
picture (right), which was
taken from space.

RIVER

!,\,

Mississippi River. Before it empties into the Gulf
of Mexico in Louisiana, it is more than a mile wide.

From its source to its mouth, the Mississippi River

is 2,470 m| 13,952 kml long.

Rivers go through several stages during their
existence. These are commonly called the youth-
ful, the mature, and the old-age stages. Often,
different parts of a river are in different stages.

The source of the river is usually in the young
stage; the middle of the river is often in the
mature stage; and the mouth of the river is fre-

quently in the old-age stage. The mouth may

have a delta, an area of land formed by mud

:'., . and sand that has been deposited at the
r' ' mouth (see ttEIJfA).

,. ,.,,,,.;r,,r..,, The youthful stage A young
::.1 ; ._j:: r:..:tl:?;::

. : ':1::',::;::::t:,a:t,.a'::.;' rlver has a steep slope, irregular
,,.l,ri:il,:,r current, stee p banks (edges),

, ' .' 
and cold, clear water. The water

has just begun to cut a valley in the
earth (see LRclStoN). Young rivers have

many waterfalls and rapids (see wA'l'ERFAt.l.

AND RAPID). Trout and a few minnows live in
the water.

1 , .. .. ... ..r.lt it

' r'\-. r". d#'
- -'.Frr '>

' 
" 

')Igt

END OF A RIVER

River water carries along
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YOUNG RIVER

The Yellowstone River in Wyoming is in its youthful stage.
The fast-flowing water p0urs over many waterfalls and
rapids. The river is world famous for the trout fishing it
p rovi d es.

The matufe stage At the mature stage, a river

flattens out, and its valley widens. There are few

waterfalls and rapids. The water warms and

becomes less clear due to algae and dirt (see ALGAE).

The river often flows in wide bends, called mean-

ders. Bass, sunfish, perch, and many species of
minnows live in the water.

The old-age stage Old rivers flow over a nearly

level plain. The valley is very wide, and

the water is usually muddy from washing against

the banks and carrying soil from upstream. Because

of the low banks, the river often overflows

its banks and floods the surrounding country-
side. The floods spread the soil that is carried in
the water across the ground. This soil is very rich
and good for growing crops. Catfish, carp, bass,

eels, and many species of minnows live in the

water.

Today, many geographers dislike the youthful,
mature, and old-age divisions. This is because these

divisions suggest that the current is faster in the

early stage than in the later. In fact, it is now known

that the current is usually faster when the river is
flowing over a flat plain, because there are no

bumps and outcrops to slow it down.

Importance of rivers Rir.ers have been very

important in the development of civilization. 
.l'he

earliest civilizations began along rivers of Asia,

Africa, and the Middle East. People first learncd to
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New deposits

0lder deposits

River channel and

strongest currents

Riverbanks being
erod ed

MEANDER.S AND OXBO!r IAKES

Before a river (below) reaches its mouth, it usually crosses
a plain and often forms meanders (bends) and so-called
oxbow lakes (cut-off bends). The four illustrations at right
show the stages in the formation of an oxbow lake from a

meander.

raise crops and irrigate n€ar rivers (see IRRITIATION).

Rivers have always supplied people with food,
water, and rransportation.

During the Industrial Revolution, factories and

mills were built along rivers because the current

could power the machinery, goods could be

moved in and out by boat, and wastes could be

dumped into the river.

Today, many rivers are so polluted that they
cannot be used for drinking and some other
purposes (see por-r-uTloN). 'We now realize that
we cannot dump our garbage into rivers if we

want to drink the water; eat the fish; or safely

swim, ski, and boat on the rivers. Govern-
ments and industry are trying to clean up badly
polluted rivers.

Key

E
W
ffi
ffi

Meander
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RNA The initials Rl/l stand for ribonucleic acid.

RNA, found in the cells of living organisms and in
some viruses, is a complex chemical compound

that plays an important role in thc making of pro-
teins. Proteins are necessary for the survival of every

living organism (see CI..l.l.; CoMPOUND; PROTF,IN;

vtRUS). RNA is a nucleic acid. A nucleic acid is

made of chains of units called nucleotides. Each

nucleotide in RNA contains phosphate (a salt of
phosphoric acid), a sugar callcd ribose, and com-

pounds called bases (see tsASE). There are four kinds
ol bases in RNA: ade nine. guanine. cytosine, and

uracil (see NUCL[,](] ACID).

Several "types" of RNA perform important func-

tions in the making of proteins. Messenger RNA
(mRNA) is found in the nucleus, or control center,

of the cell. Transfer RNA (IRNA) is found in the

cytoplasm, the watery liquid that makes up much

of the cell. Another type of RNA is called riboso-

mal RNA (rRNA); it occurs in the ribosomes. The

ribosomes are the structures within cells where pro-
tein synthesis (manufacture) occurs.

The first step in protein synthesis occurs in the

cell nucleus, where DNA-another nucleic acid,

which is the carrier of genetic information in
cells-directs the manufacture of mRNA. The
mRNA contains coded instructions needed to
make a specific protein. The instructions are in the

form of triplets of nucleotides, called codons. The
newly formed nRNA leaves the nucleus and trav-

els to a ribosome. Thcre, rRNA "reads" the infor-
mation coded on the mRNA. Also in the ribosome,

the mRNA meets molecules of IRNA. Each IRNA
molecule carries an amino acid. Amino acids are

the "building blocks" of proteins (see,tvlNo ACID).

A sequence of three nucleotides, called an anti-
codon, occurs on tRNA. Certain codons on the

mRNA signal the beginning of the protein synthe-

sis process. A codon on the mRNA links with an

anticodon on the IRNA. The IRNA then deposits

the amino acid it is carrying. Another IRNA links

up to the mRNA, and the original tRNA leaves the

ribosome. The second IRNA then deposits its
amino acid. This process continues until the
instructions of the mRNA are completely carried

out. This usually happens after thousands of amino

acids have been deposited. Then a special anti-
codon signals the end of the protein synthesis

process. The resulting chain of amino acids is called

a protein.
RNA is also the carrier of genetic information in

certain viruses, while DNA performs this function
in other viruses. There is some evidence that
cancer-causing viruses are usually RNA viruses.

See also CANCh,R; DNA; C!.NL,.

ROADRUNNER A roadrunner is a bird that
belongs to the cuckoo family, Cr-rculidae. It is found
in the dry areas of Mexico and the southwestern

United States. The bird runs rapidly along the

ground and got its name because it used to run after

horses and coaches to snap up the insects, lizards,

and snakes that were disturbed. It even kills rat-

tlesnakes. The roadrunner is a large bird, growing
to a length of 22 in. [55 cm]. It has brown and

white feathers and a patch of blue and red skin

behind its eyes. The roadrunner rarely flies, but can

run at about 12 m.p.h. [20 kph].

ROADRT]NNER

The roadrunner is found in the dry areas of Mexico and the
southwestern United States.

ROBIN A robin is a kind of thrush (seeI'HRUSH).

It is a very common bird in North America. A robin
is easily recognized by its brownish black back and

orange chest and belly. It grows to a length of 8.5

in.12I.3 cml. Robins are often seen on grassy lawns

hunting for insects and worms to eat. They also

feed on berries and seeds.
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Many robins fly sor-rth for the winter and return
to northern lands lor the summer. An old tradi-
tion states that the sight of a robin is the first sign

of spring. That may not always bc accurate, how-
ever, because many robins spend the winrcl in
northern Iands.

The European robin is smaller and browner than

the American robin, and has pale feathers ar rhe

base of the tail.

ROBIN-American species

The robin is a common frf orifr Ameriian bird. Most robins fly
t0 warmer southern climates in winter and return north for
the summer.

ROBIN-European species

The European robin is smaller than the American robin with
pale almost white-feathers at the base of the tail.

ROBOTICS (ro bdt'iks) Robotics is thc scicncc

th:rt deals with tl-re clesign and the use of robors. A

robot is a machine that is often usccl to perform a

varietl of tasks in place of humans. A robot is ct.,r-r-

trolled by computer progr;rnrs (sets of instrucrions)
(see c.ovlulnR).

Robots are used throughout ir-rdusrry.

Manufacturers use industrial robclts lor tasks that
are repetitive and often boring, sucl'r as rveldir-rg

automobile bodies, performing certain laboratory

tests, and assembling electronic componenrs.
Robots are frequently used to handle clanserous or
hear,y materials. Robots are also used to perforn-r

tasks in places that are unhealthy for hun'rans, such

as places with poisonous fumes or wastes or those

with a high lcvel of noisc.

f'he armlike clevices of the earliest inclustrial
robots could only perform sin'rple tasks, such as

moving healy materials from one placc to another.

This was largely because the computer programs

that operated the robots were very limited and dif-
ficult to change. Advanccs in compurer progrirm-
ming have allowed today's industrial robots to
perform complex tasks ancl to bc rcprogrammecl tcr

change their tasks. Today's robots also havc intri-
cate "hands," "fingers," and other parts thar allow
them to perform delicate tarsks accurately. For

example, robots can assemble warches and com-

puters.

Robotics is not a new science . Its roots date back

to about A.D. 1000, when machines we re built that
imitated a limitcd range of human actions. 'l'hcsc

machines are called automatons or androids (see

ANDROID). Clock makers often br-rilt autonratons to

ring bells or wave flags when the clock struck.
Automatons are usecl today ir-r industry for some

simplc tasks. An automaton is not a truc robor,

however. According to the Robot Institute of
America, a true robot must be able to be repro-

grammed to perform a variety of tasks.

Modern robotics The story of modern robotics

probably began with the invention of servomcch-

anisms in the 1940s. A servomechanism is a syste nr

that detects ancl corrects errors made bv a machine.

The servomcchanism detects the errors by a scnsinq
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device. The clevice siqnals a servomotor in the

machine. The servomotor then corrects the error.

Many rnachines r.rsed in heavy industry, such as

lathcs, ar-e equipped with servomechirnisms (see

lAl'Htl). 'fhe servomechanism detects whcn the
larhe srarts cLrttinq a materi:rl, such as wood, in a

way that is different from thc intended shapc. Thc
error is then correctecl. 'fhe autonratic pilots in air-

planes are rrlso servomechanisms. An autornetic
pilot is a device that flics the planc without the

actual pilot having to Llse the controls. Thc auto-

matic pilot can detect rvhen the airplane starts to

travel off corlrse and then corrcct the airplane's

direction.
The invention and development of the com-

puter from the latc 1930s through the 1950s se t the

stage for the srear leap lorward made by robotics in

the 1960s. Bv thc end ofthe 1970s and 1980s,

computerizecl robots had replaccd many humarn

rvorkers, especiallv in arrtomobile factories.

Generally, an industrial robot has a base that may

house its computcr "brain." The base is equipped

r,vith prarts that act likc a shoulder, arrl, wrist, hand,

and fingers. Robots can somctimes more closely

resenrble hunrrrns in that they rnay have two shoul-

ders, arms, and so on. -I'he arm ancl shoulder can

swing around in all directions, and the wrisr can

bend to move the hand. 'Ihc hand can operr and

close its fingers to grasp or release objects. Using
these movements, the robot can do tasks qLrickly

and in exactly the .same rvay thousand.s of times

without stopping. lt makes fewer mistakes than a

human worker does. lt c:rn also be programmed tc-l

check its work and correct anv mistakes it does

makc. Because today's robots can be easily repro-

grat'nmecl, manufacturers can adapt thcir produc-
tion lines quickly to new products or changes in

existing products. In addition, robot labor often
costs less than human labor.

In the last few years, robotics has made signifi-
cant advancemcnts. One of these advance ments is

to give robots ".senses" that are similar to human

senses (see slNsu). For example, today's robots have

electronic "sight." in the past, if a robot's task was

I

t
i

ROBOTICS-Mechanical
arms

Modern robots have a wiJe
range of movements and
can be fitted with various
kinds of "hands" to grip
objects of different shapes.

Hyd ra ulic

-\.
Mechanical
outside grip
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to assemble parts, all of the parts had to be pre-

sented to it in a certain position. However, a robot

today performing thc same task can reach into a

pile of jumbled parts, "see" the part it needs, and

pick it up.

Artificial intelligence is anothcr advancement

in robotics (see Rzut tr,tcllAl INTELLI(IENCIE). In arti-
ficial intelligence, a computer can be programmed

to "think" and "reason" likc a human. This means

that a robot with such a computer can "remem-

ber" its past mistakes and not make them again. It
gets better at solving problems by learning from
experience.

The future of robotics It is difficult to predict
the future of robotics because changes in computer
technology are occurring so quickly. However, it is

safe to say that tomorrow's robots will be faster and
"smarter" than today's robots. In addition, their

arms and hands will be designed in such a way that

they will be able to handle even more delicate tasks.

Some scientists believe that this will mean that

ROBOTICS-Making automobiles

Automobile manufacturing has benefited greatly from the use
of robots. The robots are pr0grammed to carry 0utthe same
tasks over and over again quickly and accurately.

humans will be able to enjoy improved products at

lower prices.
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ROCK Rock is the solid material that makes

up thc carth's crLlst. Most rock is a mixture of
various minerals. It lacks a definite chemical
composition because of the different types and

amounts of minerals present in the rock (see

tARI H; MIN.-L,t{AL).

Eight elements marke up 98 percent of all rock on

Earth. 'l'hese elen'rcnts arc: oxygen, silicon, alu-
minum, iron, calcium, sodium, potassium, and

magnesium (see t.t.l.ltt-N'l'). A large porrion of the

rocks on Earth arc silicates. Silicates are a combina-
tion ol silicon and oxygen, together with various

other elen'rents.

Because rocks lack a definite chemical conrposi-

tion, they are not classified by the elements they

contain. Instead, geologists (scientists who study
the earth) classify rocks according to the way they

forrncd (scc t-iEt)l.o(;y). There are three main types

of rock: igneous rock, metamorphic rock, and sed-

imentary rock.

ROCK

The rugged inland cliffs (below) are made of chalk, a type 0f
organic (carbon-containing) sedimentary rock.

Igneous fock Igneous rock forms from the cool-

ing and crystallization of a material called magma.

Magma is melted rock that has been subjccted to
high temperature and great pressure beneath the

earth's surface. There are two types of igneous rock:

extrusive and intrusive.

Extru.sive igneous rock forms when magma
breaks through the crust and cools on the surface of
the earth, as in a volcanic eruption. The magma is

called lava when it reaches the surface. Its quick
cooling does not allow time for large crystals to
form. Typ.r of extrusive rocks include pumice,
basalt, and obsidian. Extrusive igneous rocks
account for only about 5 percent of all igneous rock
types (see CRYSTAL; LA\A; MA(iMA; VOLCIANO).

Intrusive igneous rock forms when magma cools

below the surface. Since the magma cools relatively

slowly, there is time for large crystals to form.
Granite is a type of intrusive igneous rock (see

TGNEOUS ROCK).

Metamorphic rock Metamorphic rock is rock

that has changed in arppearance or composition.
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ACTTWTY See how rocks form

Take several flattoothpicks, some short lengths of
drinking straw, and some small pieces of paper. Fold
the toothpicks and straws in half, and crumple the
paper into small balls. Pile them t0gether on a table
and press down on them with a large book. When you
remove the book, the materials will be flattened into
layers. ln much the same way, the pressure of
overlying rocks flattens rocks beneath to form layers
of metamorphic rock.

of sedimentary rock include flint and gypsum.

Organic sedimentary rocks are formed from the

remains of dead plants and animals. Organic sed-

imentary rocks include coal and chalk (see snot-

MENTARY ROCK).

Sedimentary rocks are geologically important
because they form in layers called strata. Each stra-

tum (singular of stratr) yields valuable information
about the conditions of the time period it repre-

sents. The strata are often rich in fossils.

See also FOsSll ; R( )( K CYCI I .

ROCK CYCLE Rocks are constantly bcing cre-

ated and destroyed. This continuing process is

called the rock cycle. The three types of rock are

igneous, sedimentary, and metamorphic (see

ICNEOUS ROCK; SE,DIMENTARY ROCK; ML'IAMOR-

PHIC ROCK). No matter which type is eroded (worn

away), the fragments produce sedimentary rock
when they are deposited.

Igneous rock is formed as molten (melted)
material solidifies beneath or on the surface of the

earth. As the earth's surface is worn away, deeper

bodies of rock are exposed at the surface, includ-
ing igneous rock that solidified beneath the sur-

face. This is also worn away by the weathering,
and the crumbled fragments are washed away by

rivers and streams. These fragments may accumu-

late on the seabed as a layer of sediment and

become buried by other layers. Eventually these

layers will be compacted and cemented together

and become sedimentary rock. At a later time
these sedimentary rocks, along with the other two
rock types, may be crumpled up into a mountain
range. The heat and pressure may be so great that
they are changed into metamorphic rocks.
Eventually these metamorphic rocks, too, become

exposed at the surface and wear away, with the

fragments deposited as sediments.

Other routes through the cycle may involve the

sedimentary rocks melting at great depth and

becoming igneous rocks, igneous rocks being com-

pressed into metamorphic rocks, or even sedimen-

tary rocks wearing away and accumulating as more

sedimentary rocks.

See A/so GEOLOCY: ROCK: \(/L,ATHF,RINC.

The changes are caused by heat, pressure, or chem-

ical changes beneath the earth's surface. A meta-

morphic rock has changed its mineral composition
while still in the solid state. If it had melted, it
would have become an igneous rock.

Typ"r of metamorphic rocks include marble,
quartzite, and slate (see l'le'tRl,tORPHIC ROCK).

Sedimentary rock Sedimentary rock is formed
from the accumulation of sediment under water or
on land. The sediment deposits consist of loose

sand and pebbles and the remains of dead animals

and plants. Eventually, pressure from above causes

the accumulation of material to harden into rock.

There are several types of sedimentary rock. Clastic

sedimentary rocks consist of rock fragments of var-

ious sizes, compacted and cemented together.
Clastic rocks include sandstone and shale. Some

sedimentary rocks are made of minerals that were

once dissolved in water. Crystallization occurred

when the water evaporated. Examples of this type
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A ,ocket is a type of engine in which forcc is pro-

duced as a re:rction to the exhaust of burncd fucls.

Rocket also refe rs to the type of cylinder-shaped
craft that generally is propelled by a rocket e ngine
(sec ITORCIF.).

A basic law of motion discovered in the 1600s by

Sir Isaac Newton describes how rockets work. -l-his

law states that fbr any action, thcrc is an equal and

opposite reaction (see I)YNAMICS; MO'l'lON, I.AWS

or). For example, if air is released from a balloon,
it drives the balloon forward in flight. A rocket
works in much the same way.

A rocket engine produces more force for its size

than any other type of engine (see L,NClNt). For

0xid ize r

Exhaust

ROCKET PRINCIPLE

ln a rocket, combustion (burning)of a fuel in the combustion
chamber (sometimes with the aid of an oxidizer) produces
hot gases at high pressure. The pressure pushes in all
directions. The action of the gases forming the exhaust
causes a reaction that propels the rocket forward.

example, a rocket engine the size of an automobile

engine produces three thousand times more force

than the automobile engine. Another kind of
engine that works in much the same way as a rocket

LIQUID.PROPELIANT
ROCKET

The main part of the French
Ariane V sarellite launcher
is a two-stage liquid-
propellant rocket. The {uel
is liquid hydrogen, and the
oxidizer is liquid oxygen. A
pair of solid{uel booster
rockets helps accelerate
the Ariane t/at liftoff.

Payloa d

Second -stage
rocket motor

Fuel tank

Fi rst-stage
rocket motor

;

1
l

*.J

.f

1656



TEKCoR

cngine is a jct engine. The diff'erence bctween a

rocket engine and a jet engine is that a rocket

engine carries a supply of oxygen, called an oxi-

dizer, to burn the ltuel. The oxidizer and fuel

together are called the propellant (see (loMBUS-

't'toN). I'he jet engine, on the other hand, sucks

oxygen in fron-r the atmosphere. This is why jets

cannot fly above the earth's atmosphere, while
rockets can.

People use rockets olmany sizes and types. Some

rockets are used to shoot fireworks into the sky.

These rockets are only about 2 ft. [0.(r m] long.

Rockets that are 50 to 100 ft. [15 to 30 nr] long arre

used to carry missiles (see NIISSII.F.). The largest

rocket-S-aturn V, which carried the first astro-

nauts to the moon-stood n'rore than 360 ft. [110
ml high (see slacn F.xpt.otu{ftoN).

Rockets have been used in war for hundreds of
years. The weapons carried by today's military
rockets can destroy airplanes and missiles flying
faster than the speed of sound. Scientists use rock-

ets for exploration and research in the atnosphere

and space. For example, rockets have lar-rnched

hundreds of satellites into orbit around the earth

(see SATELLITT). These satellites take pictures of the

earth's weather, gather other information for scien-

tific study, and serve commercial uses as well. Many

satellites are used to transmit radio, telephone, and

television signals around the world.

Rockets that are used for long flights through the

atmosphere and for space exploration are called

multistage rockets. Multistage rockets consist of
two or more sections called stages. Each stage has

its own propellant supply A multistage rocket can

reach higher speeds and travel farther than a single-

stage rocket because it lightens its weight by drop-

ping one or more stages as it uses up propellant.

Most space rockets have two or three stages. The

first stage in a multistage space rocket is called the

booster. It launches the rocket off its launching

pad. For the booster stage, a propellant that can

provide a high thrust is needed to overcome the

earth's gravity. The main purpose of the upper

srages is to build velocity (see vul-ctctrv).

Space rockets are launched in a step-by-step
process called a countdown. A specific action is

S,4?"URNROCKI,T

fhe Saturn series of rockets were developed by NASA. They
had to be powerful enough to launch three astronauts to the
moon. Here Ihe Saturn l/rocket lifts off on the Apollo 16 moon

mission.

required at each step. \When the countdown
reaches zero, the rocket lifts off the launching pad

and begins its journey. Sometimes, bad wcather or

some mechanical difficulty may caLrse a "hold,"

which temporarily stops the countdown. A count-

down for a large space rocket can last several days.

Rocket proPellant'When the rocket propellant

is burned, the temperature in some rocket engines

reaches 6,000"F [3,300'C]. Hot gas is created at a

high pressure inside the rocket. The pressure of the

gas on one side of thc rocket balances the pressure

on the opposite side of the rocket. However, the gas

flowing to the rear of the rocket escapes through a

nozzle. This exhar.rst gas does not balance the gas

pressure against the front of the rocket. It is this

Lrneven pressure that drives the rocket fbrward. The

force with which the rocket is driven forward is

called thrust. The production of motion in one

direction because of the release of gas in the oppo-

site direction is called jet propulsion (see Jrr
PROPULS]ON.; THRUST).

Rocket propellants burn rapidly, and most rock-

ets or rocket stages carry a supply that lasts only a

few minutes. However, this burr-ring produces such

great power that it can hurl vehicles weighing many

tons far into space. The rocket's speed is held down

in the first few minutes of flight by air friction,

gravity, and the weight of the unburned propellant

and the stages (see rRtc't'loN; GRAVITv). As the
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rocket climbs higher, the air becomes thinner, so air

friction decreases. There is no air friction at all in
space. Also, the pull of the earth's gravity decreases

as the rocket travels farther from Earth. In addi-
tion, the rocket becomes lighter as it burns up pro-
pellant and drops its stages.

Kinds of propulsion systems There are four
basic kinds of rocket propulsion systems: solid pro-
pellant; liquid propellant; electric; and nuclear.

Solid-propellant rockets burn a plasticlike mate-

rial called grain. The grain consists of a solid fuel

and a solid oxidizer. Grain may be ignited (caused

to burn) in several ways. It may be ignited by first
btrrning a small amount of a certain powder in a

part of the engine called the igniter. Grain may also

be ignited by the chemical reaction that occurs

between a liquid chlorine compound and grain
when the chlorine is sprayed onto the grain (see

CHF,MICAI. RF.,ACTION; COMPOUND). Solid propel-
lants burn faster than liquid propellants, but they

produce less thrust per unit weight. However, the

solid propellant is easy to handle, remains effective

during long periods of storage, and does not
explode easily. Solid propellants are used mainly by

the military.
Liquid-propellant rockets burn a mixture of a

liquid fuel and a liquid oxidizer. Cryogenic meth-
ods are used to turn certain fuels into liquids (see

CRYOcENICs). Some liquid propellants, called
hypergols, ignite because of the chemical reaction

that occurs when the fuel and oxidizer contact each

other. However, most liquid propellants require a

complicated ignition system. The creation of an

electric spark or the burning of a small amount of
solid propellant can be used for ignition. Liquid
propellants burn more slowly than solid propel-
lants, but they produce more thrust per unit
weight. Liquid propellants are more difficult to
handle and store. Scientists use liquid-propellant
rockets for space launch vehicles.

Electric rockets use electric power either to heat

a gas or to produce electrically charged particles

called ions. The hot gas or the ions produce thrust
(see tc-lNS AND IoNIZATION). Electric rockets can

operate longer than solid- and liquid-propellant

rockets, but they produce much less thrust. For

example, an electric rocket could not lift a healy

spacecraft out of the earth's atmosphere. However,

once outside the pull of the earth's gravity, an elec-

tric rocket could propel a spacecraft through space

reaching very high speeds.

Nuclear rockets heat liquid fucl by means of a

nuclear reactor (see Nuct.t-.Ap t-NL,RCy). The fuel

turns into hot, rapidly expanding gas that flows

from the rocket. Scientists are working on the

development of electric and nuclear rockets for
future space travel.

History Rockets were first used by Chinese

armies around A.D.1232. The armies propelled the

rockets toward enemy troops. By 1300, the use of
rockets for war had spread throughout Europe and

Asia. These early rockets burned a compound of
charcoal, saltpeter (a form of potassium nitrate),

and sulfur as fuel. During the early 1800s, Colonel

William Congreve of the British army developed

rockets that could carry explosives. Rockets have

been used in every major war since.

In 1926, Robert H. Goddard, an American sci-

entist, conducted the first successful launching of a
liquid-propellant rocket. Goddard became a world
leader in rocket development and research and is

known today as "The Fadrer of Modern Rocketry"
(see t,r )DDARD. Rt l3pB1 HUteHtNt,:).

During $7orld War II (1939-194i), huge guided

rockets, called V-2s, were developed by German sci-

entists for use in war. A guided rocket is one that

can be directed by a computer or other equipment
after it is launched. These first guided rockets were

the forerunners of today's space rockets. Many of
the German scientists, including \Ternher von

Braun, camc to the United States after the war to
help develop military and space rockets (see ilRAUN,

\flL,RNHL,R VON).

A serics of rocket-powered airplanes, the X-l
through the X-I5, set world airplane speed and alti-

tude records through the 1950s and 1960s. The

X-15 established a new altitude record of 67 mi.

[108 km] in 1963 and then set a speed record of
4,520 m.p.h. 17 ,274 kphl in 1967.

The "space age" began on Octobe r 4, 1957,
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when the Soviet Union launched the first artificial

satellite , Sputnik 1, into orbit around the earth using

a multist:rge rocket. On April 12, 1961, a rocket

launched a Soviet spacecraft carrying the first per-

son, cosmonaut (astronaut) Yuri Gagarin, into
space (see (IACIARIN, YURI ALEKSITYI,VICH; SPUTNIK) .

Today, space rockets are being used more and

more to launch satellites into orbit. Before 1981,

space rockets were not reusable . Most space rockets

were burnecl away during or arftcr the launch.
Because it cost so much to build these rockets that

burned up after otrly one use, scieutists began to

research building a reusable space rocket. The first

spacecraft to be equipped with a reusable space

rocket was the space shuttle Columbia. Columbia

was first laur-rched from (lape Canaveral, Florida,

ori April 12, 1981 (see CAPF. CANAVER{L).

The shr-rttle consists olseveral parts. The external

fuel tank, which consists of tanks of liquefied oxy-

gen and hydrogen, is joined by a load-bearing
intertank, which carries the propellants for the

main engirres. 'lwo solid-propellant boosters are

erttachecl to the sides of the liquid-fuel tarr"rk. The

orbiter, which has three main rocket engines, is

ROCKET

ROCKXT HISTORY

The American engineer
Robert H. Goddard (far left)
is known as "The Father of
Modern Rocketry." He built
the first successful liquid-
propellant rocket in 1926.

attached to the front of the fuel tank. The boosters

help launch the shuttle. They fall to the earth by

perrachute two minutes after the shuttle lifts off
from the launching pad. The boosters are recovered

and reused. The large fuel tank drops off eight min-
utes after liftoff and breaks up over the ocean. The

orbiter's three rocket engines provide the final
power to enter orbit. Later, the orbiter uses these

three engines to reenter the earth's atmosphere and

land on a runway. The space shuttle is designed to

be reused up to a hundred times.

Rockets of the future Rockets of the future

may carry people to the nearest stars and beyond.

They may be used to take thousands of people off
the crowded E,arth to colonize some distant
planet. Nuclear rockets may be the key to reach-

ing these great distances, or some new form of
power for rockets may emerge. Rockets also may

become a means of rapid travel on Earth. It might
be possible to travel from New York to England in
fifteen minutes. The future for rockets seems

almost limitless.

See also ACCELF.RA l'lON.
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ROCK SAXI Rock salt is a mineral that occurs

in rocklike deposits. It is a compound of sodium
and chlorine, called sodium chloride (NaCl). Rock
salt is also called halite or table salt (see coM-
POUND; MINEML; SODIUM CHLORIDE).

Pure rock salt is colorless and occurs as transpar-

ent or semitransparent crystals (see CRYSTAL) .

Purple or blue discolorations in rock salt beds are

due to unbonded sodium (sodium that has not
combined with chlorine) in the deposit.

Beds of rock salt are found on all the continents
and beneath the oceans. In deserts and other dry
regions, the deposits may be close to the surface. In
many other areas, the rock salt is covered by layers

of sedimentary rock (see SEDIMENTARY ROCK).

Natural rock salt is the direct result of evapora-

tion. Salty lakes and marshes dried up during peri-
ods of drought (little or no rain). They left behind
large amounts of salt. This rock salt occurs in sedi-

mentary rock, often associated with limestone,
gypsum, or shale.

Rock salt is used on roadways during the winter
to melt snow and ice. It has hundreds of other
industrial uses as well.

See also SALTS.

ROCKSALT
Rock salt, or halite, usually occurs as cubic crystals. lt has
many uses in the chemical industry.

RODENT (rod'nt) Rodents form a large order of
mammals, including the rat, mouse, squirrel,
beaver, and porcupine (see MAMMAL). There are

about two thousand kinds sf 1sdsn65-nearly as

many as all the other kinds of mammals put
together. Rode nts are characte rizedby the two pairs

of sharp chisellike teeth at the front of the mouth.
The front part of each tooth is usually orange and
is much harder than the rest of the tooth. As the

teeth work against each other, the hind part is

worn away more rapidly than the front, and the

chisel-shaped edge is maintained. The teeth grow
continuously from the roots to make up for the

wear at the tip.
Rodents gnaw most of the time. The name

rodentcomes from the Latin word rodere, meaning
"to gnaw." Besides their use for gnawing food, the
teeth are used for digging burrows or for shred-

ding twigs.

Most of the rodents are herbivores, feeding

RODENT

Common rodents include rats, mice, and squirrels, all of
which are found throughout the world. Shown here are
(1) the South American climbing rat, (2) the Af rican pygmy
squirrel, and (3)the Siberian chipmunk.

1660



ROE

mainly on seeds and grasses. Some are omnivorous

and eat almost anything (see uERntvoRE; OMNI-

voRE). Rats and mice are in this category.

Mice are the smallest rodents. The largest rodent

is the capybara, which lives in South America.

Some capybaras grow to 4 ft. [1.2 m] in length.

Population explosions occur from time to time

among the mice and voles and particularly among

the lemmings (see LEMMING). However, high den-

sities are unusual. The rodent population is nor-

mally kept from growing too fast by a variety of
carnivores (meat-eating animals), such as cats,

foxes, weasels, hawks, and owls.

To humans, rodents can be both harmful and

helpful. Rats, mice, voles, and other species often

do a great deal of damage to human food supplies

and crops. Rats also do considerable damage to

buildings, and rats and mice can carry serious dis-

eases. Some 16dsn15-fer example, beavers, chin-

chillas, and muskrats-are valued for their fur.

Rats, mice, and guinea pigs are frequently used in
laboratory research. Guinea pigs are also kept as

pets, as are hamsters, gerbils, and several other
kinds of rodents.

ROEMER, OLAUS (t644-r7r0) (ra' mar,

o' lous) Olaus Roemer was a Danish astronomer.

He worked with the French astronomer Jean
Picard. \flhile he was in Paris, France, Roemer

studied the satellites (moons) of the planet

Jupiter. Another astronomer had already discov-

ered how long these satellites took to orbit (travel

around) Jupiter. Roemer watched as they eclipsed

(disappeared from view) behind Jupiter. He found
that the eclipses occurred earlier when the earth

was nearer to Jupiter than when it was farther
away.

Roemer set to work to find out why this hap-

pened. He had an idea that it might be because the

light took longer to get to the earth when Jupiter
was farther away. This was a new idea. It meant that

light must travel at a certain speed. Until then,

astronomers thought that light did not take any

time at all to get from one place to another. Roemer

did many experiments to find out how fast light
actually traveled. He calculated that it was l4l ,000

mr. 1227,000 kml per second. \7e now know that

the speed of light is 186,282 mi.1299,792 kml per

second. Other scientists at that time could not
agree about Roemer's idea. It was not accepted until
1728, when other scientists confirmed Roemer's

theory.

See also ECLIPSE; LIGHT.

ROENTGEN (rEnCgan) A roentgen, named for

the discoverer of X rays, \Wilhelm Roentgen, is a
unit used to measure exposure from X rays and

gamma rays. 'W'hen these radiations pass through

air, they cause ionization (see IONS AND IONIZA-

TION). A roentgen (symbol R) is defined as the

amount of radiation that is sufficient to cause the

production of one electrostatic unit of charge in
0.00005 oz. [0.001293 d of air. Roentgens are

used in medical radiology. The unit may also be

spelled rdntgen.In many places, the roentgen has

been replaced by the SI (International System of
Units, or metric system) unit, coulomb per kilo-
gram. There is 0.000258 coulomb per kilogram in
1 roentgen.

See AIso EI,ECTROSTATICS; GAMMA RAY; RADIAI.ION;

RADIOLOGY; ROENTGEN, \TILHELM CONRAD;X RAY.

ROENTGEN, WILHELM CONRAD
(1845-1923) (rEnt' gan, wil' hElm kdn' rad)
\Wilhelm Roentgen (also spelled Rc;ntgen) was a

German physicist. In 1895, Roentgen was using a

vacuum tube to study the effect of electricity on

gases. He noticed that a fluorescent screen that had

been placed a short distance from the tube glowed

when the tube was in use (see FLUORESCENCIE; VAC-

uUM TUBE). Roentgen found that the fluorescent

screen glowed even when the tube was wrapped in

hear,y black paper. Roentgen believed that invisible

rays were causing this effect. He called the rays X
rays because he did not know what they were. They

are still called X rays and are very important in
many fields of science.

Roentgen realized the importance of this discov-

ery. He went on to do many careful experiments on

this form of radiation. The first Nobel Prize for

physics went to Roentgen in 1901 .

See also ELECTRONICS; RADTATION; ROENTGEN; x RAY.
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ROOT In most plants, roots are the structures

that anchor the plant and absorb water and dis-

solved minerals. The roots of most plants grow
underground. All types of roots have the same basic

structure. The tip is covered by the root cap, which
is made of dead cells. The root cap protects the tip
as the root grows downward through the soil.
Many root cap cells are rubbed off in this process.

They are constantly being replaced by apical meri-
stem cells located just inside the root cap, in the

root tip (see MERISl'rv). Meristem cells are any

plant cells that divide rapidly, producing many
more cells (see vlrosts). In the zone of elongation,

above the apical meristem, the meristem cells

become longer, causing the root to increase in
length and pushing the tip further down into the

ground. After the cells elongate, they begin to spe-

cialize, so they can perform various functions.'fhis
occurs in the zone of maturation (see DIFFERENTIA-

TION, CELLULAR).

In a cross section of a root, the outermost cells

make up the epidermis. Some of these epidermal

cells produce tiny outgrowths called root hairs.

These root hairs greatly increase the surface avail-

able for absorbing water and minerals. Inside the

epidermis is a layer of spongy tissue called the cor-

tex. It stores food (see CoRl'EX). inside the cortex is

a central cylinder. The central cylinder contains

cambium, xylem, and phloem. In the very center of
this cylinder in some roots is the pith, which also

stores food. The cambium produces new xylem
and phloem, which results in an increase in the

roott diameter (see CAMBIuM). The xylem is made

of tough, tubular cells that transport water and

Bo9I lvqlai

minerals from the root upward to the leaves (sec

xYLEM). The phloem is made of cells that transport
food downward from the leaves, where it is made

(see I'HLOL,l\,t).

Most of the water and dissolved minerals taken

in by a root are absorbed by the tiny root hairs. The
water and minerals then move toward the central

cylinder. They move from one cell to the next by

osmosis and diffusion (see l)urtrustoN; ost\,tosts).

C)nce they reach the xylem, the water and mincrals

begin their trip up through the root, into the stem,

to the leaves. \7ater and minerals are needed by the

leaves for photosynthesis (see t,Hc-lrctsyNl'HESIS). As

a root grows, it needs oxygen. It gets this oxygen

from tiny air spaces in the soil. If these air spaces

become filled with water, such as after a heary rain-
storm, the roots may not have any source of oxy-

gen, and they may die.

Basically, there are two types of root systems:

Central cylinder

Zone of
m atu ration

Zone of
elong ati on

Epidermis

Apical meristem-

4q9l=r!p
The various parts of the growing tip of a root are shown above.

t
'iRoot cap

Some dif{erent r00t systems are shown above. Thistles
(1) have long tap roots. Heathers (2), plantains (3), and
grasses (4) have fibrous systems. Turnips (5) have
swollen roots that store food. ln all root systems
(inset), water is absorbed through root hairs.
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flbroLrs rrncl tap. In fibrulr.rs root systerns, there lrre

nrany nrain nlots, all <lf lvhich are atrout the slrrrc

siz-c. In tap root svstenrs, tl'rerc is onc llrrgc rn;rin

root. Sonrc tap roots, srrch lrs cllrrots ancl tr.rrnil-rr,

are swollcn rvith srorccl firocl strpplies (see I{(x) I

(.1{ol'). Some f-ibrous roots rrlso swcll r-rp rvith ftrocl

ancl arc thcn callecl root tubers. Dahlias hirve tubers

of this kind. Snaller roots grow fronr the rnain

roots ir-r both frbrotrs rrnci tap systcnrs. Although
most roots grow in thc grouncl, sclnrc do not. Aerial

roots grow in the air (see I:l'll'l IY I l:).

Sorne plants producc roots fron-r stems or leaves.
']'hese roots are callecl adventitious roots. Thcy olte n

provicle extra support for a prlant. In corn, firr cxrlln-

ple, :rdvcntiticlus roots gror'v ir-rto the gnrund from

buds located partway up the stem. Adventitior-rs

roots like thesc arc sonrctimes called prop roots. lvy

also produces aclventitious roots, which help its
stems to cling to walls ancl othcr supports (sce Ir,'v).

The roots produced by rhizomes are also said to be

adventitious (see RHI/-oMf-). Some plants are p:rra-

sitcs. They prodlrce special roots that absorb water,

food, and other substances fl'om the cells of a host

(sec PARASI't'l-). Sorne plant roots live symbiotically
with a fungus (see SYI\1BIt)sls). In this sitr-ration, the

fr"rngus provides water and minerals to the root in
exchange for shelter and lood from the plant.

See A/so I)LAN'I. KIN(,I)ON4i \AS(-LJI,AR T,I,ANT.

ROOT CROP The roots of some plants are

swollen with stored foocl. 
-l-hese 

roots can be eaten

as vegetables. The plants that produce such roots

are called root crops. The most popular root crops

are beets, carrots, radishes, rutabagas, sweet pota-

toes, and turnips.
See also Roo l .

ROOT, MATHEMATICAL \7hen a number
is multiplied by itself, the result is called the square

of that number. For example, 2 x 2 = 4, and 5 x 5

= 25. The numbers 4 and 25 are the squares of 2
and 5. Put the other way around, 2 is the square

root of 4, and 5 is the squarre root of 25. A positive

number can have a negative square root. For exam-

ple, -5 is a square root of 25 because -5 x-5 =25.

When rr numbcr is rnLrltiplicd bf itself orrcc and

tl'rcn asain, the rcsr.rlt is callecl the cube olthe nr-rm-

Lrer. Frrr cxample, 3 x 3 x 3 - 27. The cr-rbe of 3 is

27. arrcl the cube root of 27 is 3. 
-fhcrc 

arc sevcral

wavs of writing the nrot of a ntrmber. 'l'he r-rsual

way is to use the sign called :l root birr, oln,inculum,
r/. -|h. 

sqLrare roor of 25 is writtet'tt/25. The ctrbe

roor of 27 is rvritten 
^122. 

Anorhcl rvav of rvriting
I

il squ.lrc rot,t ir {25) '].
See a/so \LlNlUl.l{.

RORQUAL (r6r'kwal) futrqualis a term r.rsed tcr

describe baleer-r rvhales that have grooves on their
throats ancl undcrsides ancl small fins on their
bacl<s. Rorqr-rals include the blue, fin, humpback,

minke, and sei whales (see wsnlt).
A rorqr-ral has from ten to one hundred grooves

that are I to 2 in. [2.5 to 5.1 crn] deep. The grooves

extencl from the chin to the navcl and cover about

half of the whale's underside.

ROSE FAMILYThe rose family includes nearly

three thousand species of herbaceous plants,
shrubs, ancl trees. These dicotvledonous plants
grow throughout the world (see ttlc:ct't'yt-F-t)oN;

IIhRBACF.C)L.rS Pt.AN'l'). 
-l'hev 

have a wide range of
leaf shapes, from the simple leaves of the apple to

the three-lobed leaves of the strawberry and the

pinnately (arranged like a feather) compound
leaves of the rose (see LIIAF). The flowers grow
singly or in clusters at the ends of stems. f-hey usu-

ally have five petals and five sepals. They have many

stamens and one or more pistils (see FLOwER).

The fruits produced by membe rs of the rose fam-

ily are highly varied. Some plants, such as the spi-

raea, have dry fruits. Some, such as the apricot,

cherry, peach, plum, and nectarine, produce drupes,

or stone fruit (see DRUPE). The raspberry produces

fruits that are actually clusters of drupelets. In some

plants, such as the strawberry, the seeds grow on the

outside of a fleshy receptacle (see RECEPTACLE). In

apple, hawthorn, mountain ash, and pear fruits,

the fleshy receptacle encloses the seeds (see lovE).
The many species of roses all belong to genus

Rosa. Most of these grow in temperate areas. Some

roses are climbing or creeping plants. Others are
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small shrubs. Most have prickly stems. Roses are

often grown fbr their beautiful flowers. The flowers

may be almost any color except blue. Marry culti-
vated varieties have a double set of pet:rls. One of
the most popular species of rose is the tea rose. The
tea rose is often crossed with other sprecies to pro-
duce hybrids (see HYBRID).

Rose petals produce an oil that cirn be used in

perfume and other cosmetic products. 
-l'he fruit is

called a hip. Rose hips are rich in vitamin C and are

often rnade into lellies and jams.

ROSE FAMILY
Modern cultivated roses, such as the double-petaled hybrid
tea rose (top), were developed from various kinds of wild
rose (bottom).

ROSE\IOOD Rose*ood is the common name

for several species of tropical trees belonging to
genus Dtt/bergirt of the pea family. The trees have a

dark, reddish brown wood that, when cut with a

saw smells like roses. This wood is very hard and is

often used in furniture and musical instruments.

Some of tl'rese trees are becoming very rare because

so many have been cut down for timber.
See a/so Pt-A FAMIt.Y.

ROTIFER (ro'ta far) A rotifer is a tiny animal
that commonly lives in still, fresh water. It
belongs to the class Rotifera. Its shape usr-rally

rese mbles that of a tiny worm. The name rotifer
comes from the Latin words for "wheel bearer"

and refers to the circle of projections called cilia
on the animal's head (see CIt-tuM). The rotifer
uses these cilia to swim and to sweep food into its
mouth. The animal's foot gives off a sticky sub-

stance that holds it in place while it feeds. The
rotifer's food consists chiefly of other microscopic
plants and animals.

Some rotifers live on land. These terrestrial
(land-dwelling) rotifers can live up to four years in
an inactive state while they are dry, and then burst

into life again when wetted. They can also survive

extreme cold.

RUBBER Rubber can refer ro any of a number of
materials that share certain properties. These prop-
erties include elasticity (abiliry to stretch and spring

back into shape), flexibility (ability to bend), resis-

tance to electric current, low permeabiliry (ability to
be penetrated) by gases and liquids, and resistance to

abrasion (scratches and chips). Natural rubber
comes from liquids secreted (given out) by certain

plants. Synthetic rubber is made from chemicals.

Natural rubber Natural rubber is made from
latex, a milky liquid secreted by several kinds of
plants, including dandelion and goldenrod. Almost
all natural rubber comes from rubber trees that
originally grew in the rain forests of South America
(see RUBBER TREE) . Later, these trees also were

grown on huge plantations (farms) in the East

Indies, southeast Asia, and parts of Africa.

1664



To get latex from a rubber tree, several diagonal

cuts are made in the bark 2to 5 ft. [0.6 to 1.5 m]

above the ground. The bark between cuts is
removed so that latex can run down to the end of
the lowest cut and drip into a container. This
process is called tapping the tree.

Latex contains a polymer of a hydrocarbon called

isoprene (see HYDROCARBON; POLYMER). Isoprene

has the chemical formula CrHu. It has four carbon

atoms in a row, each end pair being joined by two

bonds. The fifth carbon atom is linked to one of
these pairs. This same pair is also linked to two

hydrogen atoms. Three hydrogen atoms are linked

to the single carbon atom, and three more hydro-

gen atoms are linked to the other carbon pair.

Isoprene molecules can join end to end. In natural

rubber, each polymer molecule has thousands of
isoprene units joined in this way. The polymer
molecules have a natural tendency to coil up. They

can be straightened by pulling, but return to their

coiled position when released. This is why rubber

is elastic.

H

I

H-C-H

RUBBER-Isoprene
Natural rubber is a polymer
of the hydrocarbon
chemical isoprene. whose
structural formula is shown
(left).

By weight, latex consists of about 30 to 35 per-

cent rubber and 60 to 65 percent water. The rest of
latex consists of small amounts of such materials as

sugars, proteins, and salts. After being tapped from

the tree, latex is put into tanks with water. The now

diluted latex is strained for impurities, such as dirt
and bits of bark. Acid is added to the strained latex.

The rubber then coagulates (thickens) and rises to

the surface in slabs. These slabs are removed and

pressed to squeeze out remaining liquids and impu-

rities. "smoked sheet rubber" is then hung in a

smoky atmosphere for a week to complete the dry-

ing and protect the rubber against molds (see

MOLD). For "pale crepe rubber," the slabs are passed

through rollers that cause the slabs to crinkle. The

slabs are then hung and dried in heating rooms. For

"crumb rubber, " the slabs are run through
machines that chop or shred them. The crumb rub-

ber is then dried in hot air tunnels.

The rubber may undergo several processes on its

way to being made into a product. These processes

include adding pigment (coloring matter), adding

ingredients that make the rubber softer and easier

to shape, and shaping the product. Usually, the last

process to be done is one called vulcanization.
Vulcanization involves heating rubber with sulfur.

This gives the rubber product more strength, hard-

ness, and elasticity. Charles Goodyear, an American

inventor, invented vulcanization in i839 (see vul--

CANIZATIoN). Sometimes, vulcanization may occur

at the same time as the shaping.

Variations in the ingredients and processes

described above have resulted in a number of rub-

ber derivatives, or special kinds of rubber. Rubber

derivatives have certain qualities that are better

than those of ordinary rubber. For example, they

may be stronger or may resist abrasion better.

Following the development of vulcanization,

toughened natural rubber found an early major use

in rainwear and later in tires. After'World \War II
(1939-1945), synthetic rubber came into wide use.

Use of natural rubber continues to decrease in pro-

portion to the use of synthetic rubber. However,

despite the competition from synthetic rubber, nat-

ural rubber is still important. Natural rubber's resis-

tance to heat buildup continues to be of value for

tire treads on racing cars, buses, trucks, and air-

planes. Scientific research has resulted in better

growing, harvesting, and processing methods. The

natural rubber industry, including the number of
rubber plantations, continues to grow because the

demand for rubber is so great.

Synthetic rubber The natural rubber industry

was barely established when scientists began to

search for methods of producing synthetic rubber.

One of the first kinds of synthetic rubber, devel-

oped in Britain before 1900, was prepared from the

hydrocarbon isoprene, which was obtained from

HHtl
C-C

I

H

H

I

C

I

H
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RUBBER-Structure
The elastic properties of
rubber are due to its
molecular structure (right).
A natural rubber molecule
consists of a single, kinked
chain of carbon atoms that
move apart when rubber is
stretched. ln vulcanization,
sulfur atoms form bridges
between the chains,
improving the rubber's
strength and elasticity.

Natural rubber
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Natural rubber /

turpentine. Almost all kinds of synthetic rubber are

taken from products of the petroleum (oil) indus-
try or of allied industries. The most important
gcneral-purpose synthetic rubber is the rubber
known in the United States as SBR, an abbrevia-
tion for sQtrene-butadiene rubber. SBR has proper-
ties that are similar to those of natural rubber.

Chemists have continued to make better and
better synthetic rubbers with many properties. For
example, butyl rubber holds air and orher gases
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Settlement tank
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LUBB!R-Tepp4e

Vulcanized rubber

Natural rubber is made from latex, which is the sap of the
rubber tree. Latex is obtained by the process known as
tapping (left). ln the settlement tank, the rubber floats to the
top in slabs. After liquids are squeezed out, solid rubber
remains (below) Vulcanization toughens natural rubber. The
process involves heating solid latex with sulfur compounds.

Vulca nizer

much better than does natural rubber. It also resists

aging, heat, and the effects of acids. Neoprene rub-
bers resist rough wear, oxygen, sunlight, gasoline,

oil, and other chemicals. Nitrile rubber, also called

Buna N, withstands heat up to 350'F lI77"C)
much better than natural rubber and most other
synthetic rubbers can. Polysulfide rubbers have

great resistance to softening and swelling in gaso-

line and greases. Polyurethane rubbers resist age

and heat and withstand remarkable stresses and

Sulfur compounds
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pressures. Silicone rubbers keep their rubberlike
properties at much higher and lower temperatllres

than natural rubber or anv other kind of synthetic

rubber. Siliconc rubbers can be used at tempera-

tures ranging from -130'F to 600"F [-90'C to

316"C]. Fluorocarbon rubbers have tremcndous
resistance to petroleum-derived fluids and to high
temperatllrcs. Thcrmoplastic rubbers combine thc
strength of vr-rlcaniz-ecl rubbcr with the proccssing

abiliry of plastics (see t,l-,,rs'l'lc.).

Cis-polyisoprene rubber may eliminate the
reliance on plantations for natural rr-rbber. Its
chcmical compositior-r is almost thc samc as that of
natural rr-rbber. It works jtrst as well as natural rub-

ber lor products such as heary truck tires and heavy

motor mountings. Improved systems have been

developed to produce it.

RUBBER TREE Thc rubbe r trec is a tall, thin,
tropical tree that belongs to the spurge family (see

SPURCL, FAMILY). The tree has dark, shiny leaves

and yellow flowers. A white, milky fluid called

latex flows through the cambium, just inside the

bark (see cAMBILIN{). This latex is the source of 99

percent of thc world's natural rubbe r. The tree

originally came from Brazil, but is now grown in
many tropical areas, especially in southeast Asia.

By careful breeding, scientists have been able to

much more latex than clocs thc u,ikl spccics.

See n/so Ill{Fi:l )l i!( ;; I{LllillHL.

RUBY Ruby is a recl gemstone. It is a form of the

minerarl corunclurn. Sapphire is anclther color vrrricq'

of this rnineral (see (.()RLrNt)L \l; sAI't'tttttt,). Oorr-ur-

dum (alr.rnrinum oxide, Al,C)r) is colorless when

pure. A trace of chromium gives the minerrrl its recl

color. 'l'he rnost prized rubies have a deep, bluish red

color known as pigeon's blood. They r-rsr-rallv corne

from Myannrar (formerly Burma). Paler rubies come

from Sri Lanka. Rr-rbies from Thailancl arc oficn :r

vellowish red. Lower qualit1,, small rubies have been

found in North Carolina in the United Statcs.

Large flawless rubies, espcciallv of thc prigcon's

blood color, are extre mely rare. 'l'hey are the costli-

est of all gemstones. Such a ruby mav be worth scv-

eral times as much as a diamond of the sarnc sizc

(see nt,rivoNn).

Synthetic (human-made) rr.rbies are common.
They have the same hardness and composition ls
the real stone. Their cosr can be quite low, but the

production of synthetic rubics has in no way

4ffiffi

!1

#

RUBY

Rubies are valued for their beauty and rarity. They are a form
of the mineral corundum, colored deep red by traces of
chromium impurities. Rubies and diamonds, the other
gemstones in this jewelry, are among the costliest of all gems.

develop new varieties of rubber trees that produce

RUBBER TR-EE

Milky latex runs along a

sloping groove cut into the
bark of a rubber tree. The
latex is being collected in a
"cup" made from half a
coconut shell.
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destroyed the market for the natural ones. Experts

can easily tell the difference between the synthetic

product and the natural stone. Garnets are often

sold under the misleading name of Arizona ruby or

Cape ruby.

See also GARNET.

simple leaves or compound leaves made of several

leaflets (see r-ear). The leaves usually have small,

colorless glands that, when crushed, give off a sweet

fragrance. The flowers are usually scented and grow

in clusters. The rue plant is one of about forty
perennial shrubs belonging to the genus Ruta (see

PERENNIAL PLANT). The most important members

of this family belong to genus Citrus.

See also (.trRUS FRUr I'.

RUMINANT (roo'ma nant) The ruminants are

hoofed mammals that chew cud (partly digested

food) (see MAMMAL). Ruminants belong to the sub-

order Ruminantia. This suborder includes six liv-
ing families and three extinct ones. Ruminants

have no incisors (front teeth) in the upper jaw.

Ruminants chew their food and cud with their
large flat cheek teeth, or molars (see TnlrH).
Familiar ruminants include antelopes, camels, cat-

tle, deer, giraffes, goats, llamas, and sheep.

The stomachs of most ruminants have four
chambers, the first and biggest of which is the

rumen, or paunch. In an adult coq this may have

a capacity of over 264 qt. [250 liters]. Food passes

into the rumen after little or no chewing, and

RT]E FAMILY
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The common rue plant is an

e oromatic shrub with
;" everoreen leaves and small- yelloilr flowers. lt grows in
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RUE FAMILY The rue (roo) family includes
more than nine hundred species of herbaceous

plants, shrubs, and trees (see HERBACEOUS PLANT).

Most of these dicotyledons live in temperate and

subtropical areas (see DICoTYLEDoN). They have

Food returned to mouth for more chewinq

/ RUsorption of fermentation products (mainly fatty acids)

;f' Absorption o1

" amino acids

Abomasum Reticulum

l\,
Cecum

\

Feces out

Food in

RUMINANT

nrrinuntr urr f'ootrO
animals, such as cattle,
deer, sheep, and antelopes
(pictured), that chew cud.
A ruminant's stomach has
four main chambers. Grass
or leaves are first partly
broken down in the rumen,
then brought back into the
mouth as cud to be chewed
again. After being
swallowed a second time,
the food passes through the
other three chambers.
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bacteria living in the rumen begin to break the

lood down or ferment it (see BACTF,RIA; FtRMF,NIA-

t'toN). Some time later, often while lying down in

a safe place, the animal brings the softened food,

now known as cud. back into its mouth for a thor-

ough chewing. When it is well mixed with saliva,

the food is swallowed again, but this time it by-

passes the rumen and goes into the second cham-

ber-the reticulum. Here the breakdown, or

digestion, is carried on by more bacteria, and the

food passes on to the omasum. This is the third
chamber of the stomach, and its main job is to
absorb water from the food. In the fourth chamber,

called the abomasum, the food is mixed with a vari-

ety of digestive juices. It then passes into the small

intestine, and digestion is completed in the normal

way (see ALIMF,NTARy CANAT-; t)tcESTIVE. sYS't'tsM).

The grass and other plants eaten by the rumi-
nants consist largely of cellulose , which is very

tough and difficult for animals to digest (see clt.-
Lut.ost). The numerous bacteria in the rumen and

reticulum carry out the early stages of digestion and

ensure that the ruminants get as much nutrient
from their food as possible.

RUSH Rush is the common name for about three

hundred species of herbaceous plants that belong

to genus Juncus of the rush family, Juncaceae (see

HL,RBACE,oUS PLANT). Most of these grasslike

monocotyledons grow in damp grassland marshes

RUSH

Rush is a grasslike plantthat grows in damp places or, as
seen here, among sand dunes on the seashore.

RUS

in temperate areas (see MONocIOTYLEDON). They

have round green stems and spikes or clusters of
tiny, greenish brown flowers (see INFLORESCENCE).

Some rushes have leaves in the fbrm of brown scales

at the base of the stems, but others have long,

needlelike leaves. These leaves are often used for

weaving mats, chair seats, and baskets.

Some plants that are called rushes are not true

rushes at all. For example, scouring rush is a horse-

tail, and bulrush is a sedge.

See also HoRSETAIL; sEDcE FAMILY.

RUST Rust is a brownish red substance that forms

on the surfaces of iron and steel when these metals

are exposed to damp air. Rust is a hydrated (water-

containing) form of iron oxide, with the formula

3FerO,' HrO.
Rusting occurs when the oxygen in the air unites

with iron in a process known as oxidation (see coR-

ROSION; OXIDATION AND RI.DUCTION). However,

rusting is not only a process of oxidation, because

the presence of moisture is also necessary to Pro-
duce the change. The complex rusting process is

speeded up by the presence of salts and acids.

Rusting is therefore more severe in coastal regions

and in industrial areas where the air may conrain

acidic sulfur dioxide fumes (see lou-uttoN).
Rust not only corrodes the surface. It also weak-

ens the metal. A lengthy exPosure to air and mois-

ture causes nails to rust away and holes to form in

sheet iron.

If the rust has not been forming for too long a

time, it can be removed by scrubbing with water or

using a polishing powder. To remove a thick coat of
rust, a hard abrasive, such as a grindstone or file, is

needed.

To prevent rust, iron or steel may be coated

with paint, plastic, or a corrosion-resistant metal

such as tin or zinc. Chemically coated Paper
wrapped around metal objects also Prevents rust.

The metal may also be alloyed with a corrosion-

resistant metal or mixture of metals, such as nickel

and chromium (see ALLoY). The alloys produced,

often called stainless steels, are highly resistant to

corrosion.
See AIso STA]NLESS STEEL,
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RUST AND SMUT Rusts and smurs are plant
diseases caused by various types of parasitic fungi
(plural of fungus) (see FUN{iUs; pAru{sll.L,). The
fungi themselves are also referred to as rusts and
srnllts. 'l'herc are more than four thousand species

of fungi that cause rusts. Mosr rusrs have life cycles

with two to fivc stages, each of which produces a

different kind of spore (see SI)ORF.). Usually, at least

one of these stages produces brownish spores thar
look likc powdery iron rust. Some rusts go through
all of their lifc stages on one host. These rusrs are

said to be :rutoecious. C)ther rusts alte rnate between

two hosts, spending one or morc life srages on cach.

These rusts are said to bc heteroecious. For exam-

ple, a common rusr that affects wheat spends the
winter as ir parasite on barberry. Sometimcs, het-
eroecious rusts cnrl be controlled by killing or
removing rhe alternate host.

'l'hcrc are rnore than a thousancl different fungi
that cause smuts. Smuts ploduce large numbers of
dark brown or black spores. These spores are usu-

mlly contained within blisters in seeds, srems, leaves,

flowers, or bulbs.

Both rusts and smuts send special rootlike srruc-
tures called harustoria into the host (see IIAUS'I'O-

nta). These haustoria absorb nurrienrs from the
ce lls of the plant host. 'l'his often causes rhe
infbcted cclls to withcr and die. Rusts and smurs

cause a great deal of damage to cereal crops
throu.ghor-rt the world (see (tL,RF-At. CRop). They can

RUSTAND SMUT

These leaves are infected by a rust tungui. Such parasitic
fungi cause widespread damage t0 cr0ps throughout the
world. They can be controlled by fungicides or crop rotati0n

bc controlled by fungicides or crop rorarion (see

ACRICUI.TURE; [,UNGICIDE). Frequently, all the
infected plants must be destroyed ro prevenr rhe

disease from spreading. Scientists are consranrly
trying to breed new varieties of plants thar arc resis-

tant to these fungi.
See also BREI,DINC.

RUTHERFORD, ERNEST (1821 -re37)
Ernest Rutherford was a British physicist. He was

born in New Zealand and, in 1895, won a scholar-

ship to Cambridge University, England. He even-

tually became head of the Cavendish Laborarory ar

Cambridge.

At Cambridge, Rutherford began his study of
radioactivity (see IL\DIoACTIVIIY). He found that
there were different kinds of rays given off by
radioactive substances. He called some alpha rays

and others beta rays. These names are still used.

Since these rays actually consist of particles, they
are also called alpha and beta particles (see At.pHA

PARTICLE; BL,'IA PARTICT-E). The alpha particles have

a positive electric charge and are made up of two
neutrons and two protons bound togerher. Beta

particles are streams of electrons. Rutherford also

studied the structure of the arom. He found that
most of the mass (weight) is in the tiny nucleus.

The electrons are very light, carry a negarivc charge,

and are spread in a kind of cloud around the
nucleu.s. Rutherford is responsible for naming rhe

proton, one of the particlcs in the nucleus (see

A-fON,{ ; L,LL,CI'I'RON ; NUCILL,US; PROTON).

Rutherford was arlso the first person to change

one element into another one. He changed nitro-
gen into oxygen by bombarding the nitrogen aroms

with alpha particles (see TRANSMU'IAI'ION OF ELE-

N{EN'I'S). Rutherford was a dedicated scientist and
worked tirelessly to understand how things actually
happened. His brilliant work gained him many
honors. In I908, he was awarded the Nobel Prize

for chemistry.

RUTILE (roo't€l') Rutile is a variety of titanium
oxide. It is the main ore from which titanium is

extracted (see't'ltRNtuv). Rurile is usually found as

crystals and occurs in sevcral kinds of rocks
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containing quartz, such as gneiss and schist. It is also

found in grains in sediments, particularly sands (see

RocK). The smaller crystals are usually light brown

in color. The larger crystals are usually black but
may be blue, violet, or yellow. Rutile is mined in
Australia, Brazil, India, and the United States.

RYE (ri) Rye is a cereal crop that belongs to the

grass family (see crRrar- CRoP; GRASS). This annual

plant grows in temperate areas throughout the
Northern Hemisphere (see aNNuaL PLANT). It can

be cultivated further north than any other cereal

and also grows on poorer soils. Rye grows to a

height of almost 6.6 ft. [2 -]. Its grains (fruits)

grow in thin spikes.

Almost half the world's supply of rye is grown in
the former Soviet Union. Only about 2 percent

comes from the United States. Rye is used to make

flour and certain alcoholic beverages. Rye is high in
carbohydrates. It provides lesser amounts of pro-

tein, potassium, and B vitamins. Rye is often
affected by ergot fungus. Ergot destroys the grains

and, if eaten, causes a type of insanity called ergo-

tism, or St. Anthonyt fire.

See also FUNGUS.

RT'E

Rye is an important food crop, especially in regions with a

cool climate and poor soil.

SABIN, ALBERT BRUCE (1e06-tee3)
(sa'bin, il'bart broos) Albert Sabin was an American

doctor and biologist who developed a vaccine for

the disease polio (see POLIO MYELITIS; \ACcIINA-

TIoN). Sabin was born at Bialystok in Russia, which
is now part of Poland. He became an American cit-
izen in 1930. Sabin began studying dentistry at

New York University but later changed to medicine.

He became professor of pediatrics at the University

of Cincinnati College of Medicine in 1939 and con-

tinued teaching for over thirty years.

In treating children's diseases, Sabin saw many

cases of polio. After the end of World War Il
(1939-1945), h. began research into a way of pre-

venring this crippling viral disease (see vrnus). One
method of preventing disease is vaccination. Jonas
Salk had developed a polio vaccine that used dead

viruses (see SALK, JONAS ED\flARD). Sabin wanted to

find a way of using live viruses, which he thought
would be more powerful.

Sabin eventually managed to breed a kind of
polio virus that was too weak to cause serious dis-

ease. It still caused the production of antibodies,

however. These antibodies made a person who had

taken the vaccine immune to any othcr polio infec-

tion (see ANTIBODy; IMMUNT't'Y; INFEC-TIoN).

Sabins vaccine was first used on a large scale in

the United States in 1960. The Sabin vaccine is

sometimes given on a lump of sugar or as a small

dose of liquid in a spoon. Thus, immunization is

fast and painless. The Sabin vaccine is different
from the Salk vaccine, which has to be injected.

During his career, Sabin received numerous hon-

orary degrees and awards for his contributions ro

the field of medicine. He died in March 1993 in
tWashington, D.C.
See aKo DISEASE; INJEC]TION.

SABIN, FLORENCE (r 87t-r953) (sa' bin,
fl6r' ans) Florence Sabin was an American medical

doctor, teacher, and scientist. Sabin is best known
for her studies of the blood, the lymphatic system,

and the disease tuberculosis (see Bl.OOll; I.Y1\{PHAI'l(l
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SYSTEM; TUBERCULOsTs). She is also noted for being

the first woman to teach at Johns Hopkins Medical

College in Baltimore, Maryland.

Sabin was born in Central City, Colorado. She

earned a bachelor's degree in science and mathe-

matics at Smith College in Northampton,
Massachuse tts. In 1896, she entered Johns
Hopkins. '\7hile still a student, she constructed a

model of and wrote about the brain. Her model

and writings later were turned into a widely used

textbook. Sabin began teaching anatomy at Johns
Hopkins in 1901. There, she studied the blood and

the lymphatic system. She also studied the body's

immunity by observing white blood cells (see

TMMUNITY). She developed a method of studying
living cells by staining them with dye and then
looking at them under a microscope. The dye high-
lighted certain features of the cells.

Sabin's teachings had a long-lasting effect on the

medical community. For twenty years, eyery fresh-

man at Johns Hopkins was required to take the

anatomy course she taught. In 1925, she became

the first woman elected to the National Academy of
Sciences. The academy conducts scientific research

and also advises the government about scientific
matters. She also became the first woman member

of the Rockefeller Institute for Medical Research,

now Rockefeller University. She spent thirteen
years there conducting investigations on tuberculo-

sis. Sabin retired from the institute in 1938 and

moved back to Colorado. There, she became polit-
ically active in the effort to upgrade public health.

As a result of the movement, new health laws were

passed, and higher health standards were estab-

lished in Colorado. Sabin is credited with helping

change the purpose of medical study from curing

disease to preventing it by maintaining good
health.

SABLE The sable is a graceful mammal belonging

to the weasel family, Mustelidae, and related to the

marren (see tllRRtnN; wEAStsL). The sable is found
in the forests of northern Asia. The sable lives

alone, usually in trees. The animal feeds on birds

and other small animals, such as squirrels and other
rodents. It also eats eggs.

The females have an especially long gestation

period, lasting about 300 days (see cES't'A't'toN

PERIOD). At the end of this period, the sable gives

birth to one to five young.

This animal ranges from about 13 to 20 in. 132

to 51 cm] in length, not including the tail. The

color of the sable's body varies from brown to

almost black. Some sables have dusky or salmon-

colored throat patches. The sable's fur is highly
prized, being used for jackets, collars, coats, and

stoles. Sables have been hunted and trapped for
centuries.

SAIAMANDER (sil'a min'dar) A salamander

is a type of amphibian that usually has a long, wide
tail (see AMPHIBIAN). There are about 300 species of
salamanders. Many salamanders belong to the fam-

ily Salamandridae, which also contains the newts

(see NEvl-).

Salamanders vary in length from about 1.6 in. 14

cml to about 5 ft. [1.5 m], but most are 4 to 6 in.
[10 to l5 cm] long. The bodies of salamanders are

usually long and slender, with a long tail about the

same width as the body. Salamanders have four
short legs and a small, smooth head. Their skin is

smooth, slippery, and often colorful.

SAI-AMANDER-Fire salamander

The fire salamander is one of many species of salamanders
that live in the eastern United States.

t672



SAL

SAIAMANDER-Skin
The red salamander (top)
burrows into the muddy
banks of streams. Like most
salamanders, it has a

smooth skin. Tylotriton
{bottom) is unusual
because it has warty skin.

Most salamanders hatch from eggs in the water.

They begin life as larvae (plural of larua) swimming
in watcr (scc t.nRrrn). Thc larvac change into adult
salamanders, which spend most of their time on

land (see Mt'lAMoRPHoSlS). However, some sala-

manders give birth to r.vell-developed tadpoles. All
salamanders must stay near water or in a moist area

because they breathe through their skin. To be able

to do this, they mu.st kecp thcir skin wct.

SALINITY (sa lin'i te) Salinity refers to the con-

centration of salt in a body of water. Salinity
depends on the amount of fresh water that flows

into the bocly of water and on the armount of er.ap-

oration that occurs from the body of water (see

EVAPOIL{TIoN). For example, the Baltic Sea has

many rivers flowing into it, plentiful rain and snow,

and a low rate of evaporation. Consequently, the

water is fresher than that of most other seas and

oceans. On the other hand, the Red Sea has fewer

rivers flowing into it and a high rate of evaporation.

As a result, it has a high salinity.

Inland lakes in dry, hot regions often have

extremely high salinity. For example, the Great Salt

Lake in Utah is so named because it is very salty. Its

salt content is four to five times higher than that of
the oceans. Lake Van in Tirrkey, another inland
lake, has a salinity of 33 percent. Ocean water, in

comparison, has a salinity of 3.3 to 3.7 percent.

SALIVA (sa li'va) Saliva is a watery, colorless fluid
prodr-rced by the salivary glands in the mouth.
Saliva is very important in the digestion of food. It
contains some mucus and enzymes and an alkaline,

or acid-neutralizing, chemical (see ACID; DIGEsTIVL,

SYSTFM; L,NZYME; C;LAND; MUCUS).

Saliva contains the enzyme ptyalin, or salivary

amylase, which helps break down starches into sug-

ars. This is the first step in the digestion of carbo-

hydrates (see CARBOHYDRATE).

The flow of saliva is greatly increased by chewing

food. Saliva helps lubricate the food for its passage

down the esophagus, the tube that leads to the

stomach. Saliva also keeps the mouth moist for
comfort.

SALK, JONAS ED\7ARD (rer4- ) (s6k,

jo' nas Ed'ward) Jonas Salk is an American doctor

and biologist who developed the first vaccine for
the viral disease polio (see Pol-lo MvtLITIS; VACICI-

NATION; VIRUS). Salk made his vaccine using dead

polio viruses. He managed to kill the virus in such

a way that it still caused the production of

ACTIWTY How to test salinity

l!

1.t:
l.

\_ ,J

Dissolve a pinch of salt in a glass of water. ln another
glass of water, dissolve a teasp00n of salt. Now take
a small slp from each glass t0 taste the liquid. The
second glass tastes much saltier. lts salinity-the
proportion of salt to water is much higher.

l(r/-)
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antibodics in a pcrson's body (see AN't'lttot)y; IMMLj-

NI't'Y). 
-I'his meant that a person who was immu-

nized with the vaccine would not get polio. Salk's

vaccine was first used in 1955. Five years latcr,

another type of polio vaccine, developed by Albert
Sabin, came into use (see SABIN, AI.BI-.Kl' BRUCI'.).

Salk's and Sabin's vaccines have almost wiped out
what was once a common and terrible disease of
childhood.

SALMON (sim'an) A salmon is a fish that
belongs to the family Salmonidae. lt is closely
related to the trout (see TI{oLJT). Most species of
salmon hatch in freshwater strearns but move to the

ocean as they mature.

Young salmon grow up in the stream in which
they were hatched. As they mature, they go

through three stages-fry, parr, and smolt. The
smolts begin the downstrcam migratiorr to thc sca

(see tr'ltctRat'toN). Salmon live in the ocean for
one to four years. During this period, they grow
very quickly.

When salmon are ready to spawn (reproduce),

they return to the same stream they left years before

(see SI'AWNINc). Biologists think that the fish rec-

ognize the streams by their smell. After the salmon

reach their streams, they swin'r up to the cold, clear

headwaters (source) to spawn. Sornetimes, the
salmon must leap small waterfalls and swim in
powerful rapids to reach their goal. Salmon are very

strong swimmers. After they spawn in the gravel

bottom of the streams, most salmon die. However,

some Atlantic salmon are able to return to the sea,

where they recover their strength, and then go up-
stream to spawn a second time.

Some species of salmon do not go out to sea.

They stay in fresh water all their lives. These

so-called landlocked salrnon arc usually fbund in
cold, cleerr, cleep lakes.

The re are seven species of salmon in the world.
All of them are fbund in the northern part of thc

Northern Hernisphere. Six live in the I']acific
region, and one lives in the Atlantic. Thc largest

species is the chinook salmon, which commonly
reaches a length of 38 in. 197 cn) ancl weighs 40 [b.

I B kgJ, although it can be much bigger.

People all over the world rcly on salmon as a

source of prote in. Salmon are also a highlv priz.ed

game fish. Some sports frshers travel thousands of
milcs to fish lor salmon.

'fhe numbers of wild salnron are declining,
partly because of overfishing. ln adclition, the con-

struction of dams has prevented many salmon from

swimming up strealns to spawn. \i/ater pollution
has also killed many salmon (see Pot.l.L.l'floN).

Fishways-structures that allow fish to swim
around dams-h:rve been built mrou.nd many dams

(see nav). This has saved or restored the salmon to

many streams. l)r-rring the 1970s, much progrcss

was made in bringing salmon back to streams in
New England, from which they hard disappearecl

years before. The numbcrs of Pacific salmon con-

tinue to decline, however. Most of the salmon eaten

today are reared on fish farms.

SALMONELLA Salmonella are a group of bac-

teria. -l-he most important are those that cause

typhoid (Salmonella ryphimwriun), paratyphoid
(Sdlmonella pltraryph, and food poisoning (various

species) (see IrOOI) l)OISONIN(l; TYPHOID IrF.Vt'.R).

Those causing typhoid and paratyphoid are rarely

found in areas with good sanitartion, but those caus-

ing food poisoning are widely distributed in
nature, and are most likely to be found on raw

SAIMON
Although most salmon (left)
live in the oceans, they
spawn (reproduce) in

freshwater streams. Salmon
make their way upstream to
the place of their birth to
spawn. They may even have
to leap waterfalls to reach
their destination.
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meat, eggs, and poultry. The bacteria grow very

rapidly in warm, moist conditions. They can be

translerred easily onto food by insects or
during food preparation. Food must be handled

properly to avoid contamination. Thorough cook-

ing kills the bacteria, and refrigerating or freezing

food ttops them lrom growing.

SAIIPETER Saltpeter, or nirer, is a naturally
occurring form of potassium nitrate (KNO,). It
forms in the ground when bacteria break down
plant remains. Saltpeter is a valuable fertilizer, sup-

plying both nitrogen and potassium for growing
plants (see tsn't'tlt1-t--R). Saltpeter is also used in
manufacturing enamels and glass and in processing

meat. tWhen mixed with carbon and sulfur, it forms

gunpowder.

Sodium nitrate is called Chile saltpeter. It is

found in large deposits in northern Chile, together

with potassium nitrate. Calcium nitrate is called

Norway saltpeter. Both Chile and Norway saltpeter

are good fertilizers.

,9ee also NI I'RA I I-.

SAIIS In science, the term salt applies to a sub-

stance produced by the reaction of an acid and a

base. The reaction between an acid and a base is a

neutralization reaction. Most often, an acid and a

base react to give a salt plus water (see ACID; BASE;

NE,UTRAI,IZATION).

Most salts are crystalline structures, such as com-

mon table salt (sodium chloride). Sodium chloride
is formed by the reaction of hydrochloric acid (an

acid) and sodium hydroxide (a base). This reaction

produces sodium chloride and water:

HC1 +NaOH-NaCl +H,O

A salt consists of positive ions from a base and neg-

ative ions from an acid (see IONS AND IONIZATION).

When in solution or rhe molten (melted) state,

most salts are completely dissociated into negative

ions and positive ions. For this reason, salts are

good electrical conductors.

See a/so CONDUCTION OF ELECI'RICI]'Y; SOLU'fION

AND SOI-UBIL]TY.

SA

SAN ANDREAS FAULT The San Andreas

fault is a break in the earth's crust near the
California coast (see FAUUr'). It runs northwestward
from the Gulf of California to the Pacific Ocean

near San Francisco.

According to the theory of plate tectonics, the

earth's crust is divided into a number of moving
plates (see PLATE TEC-TONICS). The San Andreas

fault is thought to be the edge between the eastern

Pacific plate and the North American plate.
Geologists estimate that the area west of the fault
has moved horizontally northwestward about 200

mi. [320 km] over the last 15 million vears. In
1906, a sudden movement of the plate caused the

catastrophic San Francisco earthquake. In this
earthquake, the plates moved 21 ft. 16.4 m).
However, the San Andreas fault was not the cause

of the 1989 earthquake in San Francisco. This
earthquake was caused by movement along one of
the many faults that branch off the San Andreas

fault.
Many people live near the San Andreas fault.

Seismologists are involved in intensive research

along the fault in hope of preventing-or at least

predicting-future earthquakes.

See a lso EARTHQUAKt ; SL,ISMOLOCY.

SAND Sand is tiny particles of rocks and miner-
als with diameters ranging from 0.0025 to 0.08 in.

[0.06 to 2.0 mm]. Sand is one of the three main

kinds of particles in soil. The most common min-
eral found in sand is quartz (see tvltNnRRL; euARTZ;
ROCK; solr-). Other important components of sand

include garnet, zircon, and rutile. Some beach

sands are made from fragments of seashells or coral

reef material.

Sand comes in a variety of colors. The presence

of small quantities of iron oxide gives sand a yellow
or red appearance. Black sand is colored by grains

of basalt, a rock of volcanic origin that contains

many dark minerals. Green sand, which is wide-
spread on the ocean floor, gets its color from the

mineral glauconite.

Most of the world's large sand deposits occur on

seashores, along rivers and lakes, and in deserts.

The way sand forms helps explain why this is true.
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The sand-making process begins when rock mater-

ial is worn away by erosion (see ERosloN). In a river,

this material becomes rounded because the parti-
cles are constantly rubbing against each other as

they move downstream. \When the sand particles

reach a lake or the sea, they are washed about by the

waves and currents. Eventually, most of the sand

accumulates on beaches. There, it is further
rounded by the pounding waves.

In deserts, sand is transported and rounded by

the wind. Desert sand probably originated from
ancient deposits of sand that formed in some ear-

lier geological time period. The shifting desert

sands may form great crescent-shaped dunes,

which point in the direction of their movement
(see DUNE).

People have developed many uses for sand. In the

building industry, sand is an important ingredient

in cement, concrete, and glass. Sand is also used as

an abrasive (see aeRRstvn). Many cities purify their

water by filtering it through sand. Some sand con-

tains valuable materials such as gold. platinum, and

diamonds. EPnOiieifi

SANDAIWOOD
The Haleakala sandalwood has leathery leaves and red buds
that 0pen to reveal pale yellow flowers. lt grows in Hawaii.

SANDAL\(OOD Sandalwood is the name

given to twenty-five species of trees belonging to

genus Santalum. They are native to southeastern

Asia and to the islands of the South Pacific. The

most common species of sandalwood tree is the

white sandalwood. This tree grows to a height of

SAND

Sand varies widely in color.
Coarse brown sand (above),
known as sharp sand, is
used in the construction
industry. Some beach sands
(top right) are pale colored
or even white. Desert sands
(bottom right) are often
reddish in color, due to the
presence of traces of iron
oxide.

;.}{
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about 33 ft. [10 m]. It has thick leaves and clusters

of red, ball-shaped flowers. Its scented wood is used

in furniture and for carving. The wood yields a
strong oil that is used in soap, candles, incense, and

perfumes.

SAND AND SHOT BLASTING Sand and

shot blasting are industrial methods of cleaning the

surfaces of materials such as metal, stone, and

brick. Both methods work by directing a high-pres-

sure stream of sand or other abrasive particles at the

surface . \W'hen the sand is wet, the process is known
as mud blasting.

Such processes of blasting are particularly valu-

able because the abrasive material can often be

reused many times. 'When the work is done in a

closed chamber, the abrasive can be collected after

use. The abrasive materials are funneled into a col-

lecting chamber and, if necessary, prepared for
reuse. For outside work, however, the abrasive

materials usually cannot be recovered.

Machines that have a rapidly rotating wheel or
disk to hurl abrasives (such as steel shot) are also

used to clean surfaces. Manufacturers use this
method because it is faster and often less costlv

than sandblasting.

See also ABRAsTvE; sAND.

SAND DOLIAR Sand dollars are very flat sea

urchins, belonging to phylum Echinodermata (see

ECHINODERMAIA; SEA URCIHIN). Sand dollars usu-

ally live in warm, shallow ocean waters.

The sand dollar has a hollow shell-like skeleton

called a test. The test is covered with tiny spines,

which are used in burrowing. The upper surface of
the test has holes, arranged in a flower or star pat-

tern, through which the sand dollar can extend its

tube feet. These organs are used for breathing. The
tube feet on the lower surface are also used for
movement and to help bring food toward the
mouth, which is in the center of the lower surface.

\When covered by the tide, a sand dollar posi-

tions itself on its edge, about half-buried in the

sand. It sweeps plankton and other tiny floating
organisms into its mouth (see PLANK'l'ilN). If an

enemy, such as a starfish or a mollusk, approaches,

SAND DOLLAR

A sand dollar is a type of flat sea urchin with very short
spines covering its shell-like skeleton.

the sand dollar quickly buries itself in the sand. It
also hides in the sand at low tide.

SANDSTONE Sandstone is a sedimentary rock
composed of sand-sized particles cemented
together (see SEDIME,NTARY ROCK). The grains
range in diameter from 0.003 to 0.08 in. [0.06 to
2.0 mml.

There are many different types of sandstone.

They differ according to the type of sand, the
cementing material, and the impurities found in
the rock. Sandstone that contains quartz sand

cemented by silica is called quartzite. Quartzite is
harder than sandstones that have iron oxides or
lime as their cementing material. Many sandstones

SANDSTONE

This sandstone column once formed part of a seashore cliff,
where it was eroded by the action of the sea.
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are red or brown because they contain iron oxides

either as cement or as impurities. Red sandstones

are made from sands laid down in ancient deserts.

Sandstones made from river sands usually show

marks from the river current. Those from ancient

beaches may have ripple marks in them.

Sandstone is an important building material.

Huge quantities of sandstone are quarried in the

United States, especially in Ohio, Connecticut, and

the upper Mississippi River valley.

See also SAND.

SAP Sap is a watery liquid found in the xylem and

phloem of vascular plants (see PHLoEM; VASCULAR

PLANT; xYLEM). Sap in the xylem contains dissolved

minerals, which are transported from the roots to

the leaves of the plant. This sap provides some of
the raw materials needed for producing food in the

process of photosynthesis (see t'ttOTcISYNTHESIS).

Sap in the phloem contains dissolved food. This
food is produced in the leaves through photosyn-

thesis. Sap contains a lot of sugar. The sap in the

phloem is thicker, or more syrupy, than the sap in
the xylem.

Maple syrup is made from sap of the maple tree,

which is boiled for hours to concentrate the sugar

(see MAPI-E FAMILY). Natural rubber comes from
latex, a milky juice that is not a true sap, formed in
rubber trees and some other plants (see RUBBER'I'REF,).

SAPPHIRE (slf ir') A sapphire is a transparent

gem composed of the mineral corundum (alu-

minum oxide, Al2O.r) (see GoRUNDUM; MINERAL;

PRECIOUS STONE AND cEM). Corundum is found in

a variety of colors. The gems called rubies are com-

posed of red corundum (see nusv). All other colors

of gem-quality corundum are called sapphire.

Colorless gems of pure corundum are called white
sapphire . 'lrue sapphire is blue, ranging from a very

pale blue to indigo. The color is due mainly to the

presence of small amounts of iron and titanium.
Gem-quality corundum may also contain small

amounts of other substances that color the mineral.

These colored gems are often named after other

gems, with the prefix oriental. For example, orien-
tal topaz is yellow oriental amethyst is violet, and

oriental emerald is green. Much sapphire is

unevenly colored. Its color also changes with the

direction of view.

Sapphires can be found in many igneous rocks

and also in schists (see IGNEOUS ROCTK; scHts't').

The best-known deposits in the United States are

in Montana and North Carolina. Sapphire deposits

are also found in Kashmir, Sri Lanka, Myanmar
(formerly Burma), Thailand, Australia, India, and

South Africa.
Gem cutters usually cut transparent sapphires so

that they are faceted. This means that they cut

many flat surfaces onto the gem, giving it a great

deal of sparkle. Star sapphire and other nontrans-

parent varieties of sapphires are usually rounded

and polished rather than faceted.

Synthetic (human-made) sapphires have been

produced since the early 1900s. The synthetic gems

greatly resemble the natural ones, and it is difficult
for an untrained person to tell the difference.

Besides being used for jewelry, synthetic sapphires

are also used in cutting tools and as a high-grade

abrasive.

See also ABRASIVE.

SA"PHIR,E

Sapphire is a form of the mineral corundum. lt gets its blue
color from traces of iron and titanium impurities.
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ooze out of these holes

return later to eat the
insccts rhat ger sruck in

Saprophytes, such as the
bracket fungi growing on
the fallen log (left), are
organisms that feed on
dead organic (carbon-
containing) material. Most
sapr0phytes cannot make
their own food by
ph otosynthesis.

(see sal). The sapsuckers

sap and the many small
it.

SAPROPHYTE (slpr'ra lit') A saprophyte is an

organism that fceds on dcad organic (carbon-con-

taining) material. By digesting and absorbing
nutrients from this material, saprophytes play an

important part in the process of decay (see Foor)
CHATN). Most saprophyres are fungi and bacteria
that contain no chlorophyll. 'l'hese organisms can-
not make their own food by photosynthesis (see

BAC'I-F-RIA; CHLOROPHYLL; IrUN(iUS; l)HOTOSYN'I-HF,-

SIS). Some flowering plants are also saprophytes.

Most of thesc plants, however, rely on fungi on
their roots called mycorrhizae ro process and release

nutrients from decaying organisms. Then the plant
can absorb thc nurrierrts inro its roors.

SAPSUCKER A sapsucker is a bird that belongs

to the woodpecker family, Picidae. Sapsuckers are

found only in North America. The yellow-bellied
sapsucker is found throughour mosr of easrern

North America. It grows to a length of 7.75 in. [19
cm]. Two similar species are rhe red-breasted and
red-naped sapsuckers. These three species ol sap-

suckers are boldlv colored birds. Williamson's sap-

sucker livcs in the wcstern part of the continent. It
grows to a length of 8.25 in. [20.6 cml. It is simi-
lar in color to the other sapsuckers, but it does not
have red on the head.

Sapsuckers drill rows of holes into a tree with
their bills. Sap from the trces eventually begins to

High-speed photography has captured a picture of this
yellow-bellied sapsucker as it arrives at its nest with a

beakful of insects.

SAPWOOD Sapwood forms the outer part of a
tree trunk. It is the region of the xylem that carries

water and dissolved minerals from the roors to rhe

leaves (see Xyi-EM). Sapwood is lighter in color and

also less dense than the heartwood in the center of
the trunk (see Hn,tRtwooD). A new ring of sap-

wood grows under the bark each year, forming a

new annual ring and increasing the girth (distance

around) of the trunk (see aNNual. RrNG). Healthy
trees add about 1 in. 12.54 cm] to their girth every

ycar. As more sapwood is added to the outer part of
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the trunk, the inner layers of sapwood are crushed'

The cells of the sapwood become filled with various

organic (carbon-containing) compounds and are

gradually changed into heartwood.

SARDINE (srr den') A sardine is a small saltwa-

ter fish that belongs to the herring family,
Clupeidae. It is a slender, silvery fish that swims in

large schools (groups) of thousands of fish.

Although there are over seve nteen species of these

small saltwater herrings, only five species called sar-

dines are found off the coasts of North America.

Sardines eat small organisms called plankton,

which float in the water (see plaNrt-oN). 'fhe sar-

dines, in turn, are eaten by many fishes and birds

(see FOOD CHAIN).

Sardines are caught in large numbers by com-

mercial fishers. They are canned and sold as food

for people. In Europe, the name sardine is also

given to pilchards.

SARGASSO (tat gis'o) Sargasso is a genus of
algae found in the ocean (see ALGAE). The sargasso

algae are brown with long stems; flat, leaflike parts;

and many small structures called air bladders. The

air bladders allow the sargasso to float in large,

thick, flat bunches. There is a fish-called the sar-

gasso fish-that very closely resembles a piece of
sargasso alga (singul ar of algae). The fish hides in

the algae and is very hard to see (see CAMoUFLAGE;

PROTECTIVE COLORATION). There is an area in the

southern part of the North Atlantic Ocean that is

called the Sargasso Sea because the sargasso algae

are so abundant there.

SASSAFRAS (sis'a frls') The sassafras is a small

deciduous tree that is found in the eastern part of
the United States. It belongs to the laurel family,

Lauraceae (see LAUREL). It usually does not grow

taller than 40 ft. [1,2 m], although some specimens

reach about 100 ft. [30 m]. The leaves are irregu-

larly shaped with one, two, or three lobes (see

LEAF). In the fall, the sassafras leaves adapt brilliant
red and gold colors. The tree also produces small

black or dark blue berries. These berries are eaten

by many types of wildlifc. A pleasant-smelling oil is

obtained from sassafras roots and wood. The oil is
used to flavor candy, tea, and other beverages.

SASSAFRAS

Sassafras, a plant of the laurel family, has lobed leaves (top)

Sassafras trees (above) rarely grow more than 40 ft. [12 m]

tall. An oil extracted from the wood and roots is used as a
flavoring in food and beverages.
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A satellite (slt'l it') is an object that orbits
another, larger body. A satellite is either natural

or artificial. A natural satellite generally is a

celestial object, such as a moon, that orbits a

planet (see MoON; ORBII'; PLANET). An artificial
satellite is made by humans and is launched into
orbit around planets, such as E,arth. Artificial
satellites perform various tasks, including trans-

mitting radio, telephone, and television signals;

sending back information helpful for weather

forecasting, navigation, or military surveillance;

and sending back scientific information about

the earth and space.

Natural satellites In the solar system, all the

planets except Mercury and Venus have at least one

moon (see SOI.AR SYS'IEM). One ofJupiter's moons,

Ganymede, is the largest satellite known to orbit
any planet. It is larger than Mercury. The eartht

moon is about one fourth the size of the earth.

Astronomers probably have not discovered all

the moons in the solar system (see ASTRONovv). So

far, astronomers have discovered the following
numbers of moons for each of the
planets: Mars, two; Jupiter, sixteen;

Saturn, twenty-three; Uranus,
Fifteen; Neptune, eight; and

Pluto, one.

SEASAT

Seasaf was a satellite
launched by NASA in 1978.

It used radar signals that
were bounced off the
surface o{ the ocean to plot
a map showing the shape of
the seabed. These results
were transmitted by radio to
a receiving station on the
ground.

SITELLITE

Some moons are made of materials that are sim-

ilar to the materials that make up the planet they

orbit. Other moons are composed of materials that

differ significantly from the planet. Most moons

orbit in the same direction as the planet. However,

at least two moons-Saturn's Phoebe and

Neptune's Tiiton-orbit in the opposite direction.

Most moons orbit in or near the plane of the

planet's equator (an imaginary line running around

the middle of the planet).

Space probes have helped astronomers learn

more about the outer planets and their satellites.

Space probes launched by the United States in
1977 (l/oJtager I and Voyager 2) passed near Jupiter
in 1979,lJranus in 1986, and Neptune in 1989

(see SPACE, F,XPLOR,{TION) .

Artificial satellites ln 7687 , the English scien-

tist Sir Isaac Newton suggested the possibility of
placing an artificial satellite in orbit (see NL,\(ToN,

stR TSAAC). However, it was not until the mid- I 900s

that rocket technology had advanced to the point
that people were able to launch satellites (see

ROCKET). The former Soviet Union launched the

first artificial satellite, Sputnik 1, in 1957 (see

sPUTNIK). The United States launched its first arti-

ficial satellite, Explorer 1, in 1958.

Since that time, many other countries have

launched satellites of their own, including
Australia, Britain, Canada, China, France,

Germany, India, and ltaly.
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Artificial satellites follow various types of orbits.

Satellites in a polar orbit cross over the North and
South poles each time they journey around the

earth. Satellites in a synchronous orbit revolve

around the earth at the same speed that the earth
rotates. Thus, they remain in orbit above a specific
region of the earth.

Components and uses of artificial satel-
lites All artificial satellites have several major com-
ponents. 'l'hey all have a power supply. For
example, many satellites use solar energy, which is

collected by solar panels mounted on the surface of
the satellite (see SOLAR Ctrl.l.; SOLAR ENERGY).

Satellites also have scientific instruments to collect
information. They have equipment to transmit
information back to Earth. They have extra rockets

that can be fired to correct their position when nec-

essary. They have computers, either on board or on
Earth, that control many of the functions of the
satellite, such as collecting information.

Syncorn-sho rl f or sy n c h r o n o u s c o m m u n i c ati o n s
satellite-is used to carry radio signals between
continents. 0rbiting about 22,000 mi. [35,200 km] above the
earth, it completes one orbit every twenty-four hours, which
is the same am0unt of time it takes the earth to rotate 0nce
on its axis. As a result, the satellite appears to remain
stationary over the same point on the earth.

Artificial satellites serve five basic purposes:

communication; weather forecasting; navigation
plotting; military surveillance; and scientific obser-

vation of the earth, atmosphere, and space.

Communications satellites help transmit
radio, television, and telephone signals from
different parts of the earth. The first communica-
tions satellites launched were called passive satel-

lites. This was because they acted much like
mirrors, reflecting signals from one part of the

earth to another. Today's satellites are called active

satellites. These satellites not only relay signals

from one part of the earth to another, they also

ampli$, (strengthen) the signals. By amplif ing

SYNCOM
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the signals, satellites improve the quality of trans-

mission.
Weather satellites transmit photographic images

of the earth's atmosphere. These images are used by

meteorologists to map weather patterns and to
detect dangerous storms. \Teather satellites serve as

an early warning system for storms and help mete-

orologists understand how weather patterns
develop (see N{ETECTROI.OCY). Images from weather

satellites are also usefr.rl in studying pollution.
Navigation satellites help ships and aircraft

determine their exact location, no matter what the

weather or the time of day. The U.S. Global
Positioning System consists of twenty-four satel-

lites that enable users in the U.S. military to find
their position to within 5 ft. [1.5 -1. Others can

use the system to obtain their position accurate to

within 330 ft. 1100 ml. Each satellite sends out a
continuous radio signal. To fix position, a user

needs to be within range of four satellites. The

user's receiver can calculate the position from the

signals received from each satellite. Another satel-

lite navigation system, called Tiansit, makes use of
twelve satellites. It can locate users to within 330 ft.

[100 m] (see N,tvlcartoN).
Military satellites are used to listen to foreign

radio and telephone conversations. Satellites can

also be used to transmit detailed photographic
images of foreign territory. These images are useful

in monitoring foreign troops and in selecting tar-

gets to attack.

Scientific satellites make it possible for scientists

to observe and study many different phenomena.

IRAS (Infrared Astronomical Satellite), which was

launched in 1983, carried out a complete infrared

survey of the skies. Solar Max, launched in 1980,

observed solar flares. The Hipparcos satellite,
launched in 1989, measured the positions of many

stars with accuracy not achieved before. In 1992,

the COBE (Cosmic Background Explorer) satellite

detected radiation that marked the first stage in the

formation of the universe after the big bang (see etc;

BANG 'l'HEtlnv). The Hubble Space Telescope,

launched in 1990, performs much better than any

ground-based telescope because it is above the

atmosphere.

SATELLITE

Satellites equipped with instruments such :rs

rardar and infrared detectors take invctrtory of
land and sea resources (see INFRARF.I) I{AY; RAI)AR) .

Forests, lakes, and rivers can bc surveyed by sucl-r

satellites. [)ata fron"r the satellites make it possible,

for example, to cstinlate the siz-e olrain lorests ancl

calculate how qr-rickly they are being cLrt down.

These satellites also enable mapmakers to make

more accllrate maps of the earth (see N'lAl' ANI)

MAPPIN(;).

Many satellites are launched to test uses for
future satellites. 'I'hese tests may leacl to improve-

mcnts in the design and reliability of control svs-

tems, power supplies, arnd communications
systems. The space shr-rttle clcveloped by the Ur-ritcd

States can place satellitcs in orbit. It can later take

astronauts back to the satellitcs to repair or rnodif'
them while they are in orbit.

NATURAL SATELLITE

lo is the innermost natural satellite-or moon of the planet
Jupiter. This close-up picture was taken byrhe Voyager 1

spacecraft and reveals features as small as about 6 mi.

[10 kml across.
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S"rl'rrn, the second largest planet in our solar
system, is sixth in order from the sun (see I,LANET;

soLAR svsrnv). Saturn is famous for its mag-
nificent system of rings that orbit the planet's
equator.

The diameter of Saturn is about 74,600 mi.

1120,031 kml through the equator. The diameter

through Saturn's poles is about 67,200 mi.
1108,125 km]. The average distance of Saturn from
the sun is about 886 million mL 11,425 million
km]. It takes the planet 29.46 years to make one

complete trip around the sun. Saturn makes a com-
plete spin on its axis (an imaginary line running
through the planet from pole to pole) every 10

hours, 39 minutes. Its axis is tilted about27".
Saturn is a yellowish color with darker bands

that run parallel to the equator. The polar regions

appear slighdy greenish.

Because it consists mainly of hydrogen, Saturn is

the least dense of the planets (see otNslrv). The
surface of Saturn is believed to be covered with liq-
uid hydrogen. The pressures in the interior of the

planet probably compress the hydrogen into a solid
form. At the center of the planet, heavier elements

may have formed a solid core. The temperature at

the center of the planet is estimated at 27,000"F

[15,ooo"cl.
Saturn's thick, opaque atmosphere conslsts

mostly of hydrogen and helium.
Temperatures of about -285"F L-l76"Cl ;\:,.
have been measured at the top of its
clouds. The surface temperature of
Saturn is estimated to be only .i,r

-290"F L-179"C1, due to Saturn's

great distance from the sun. \X/ind
speeds reach 1,060 m.p.h. [1,700
kph] near the equator.

Evidence of Saturn's rings
was first seen, with the aid of a tele-

scope, by the Italian scientist Galileo
(se e CALII-EO; TELESCOPE). Later,
astronomers were able to distinguish
seven rings. They labeled these rings D, C,

B, A, F, G, and E, with D closest to the planet

and E farthest away. In 1980, astronomers discov-

ered that the rings are actually made up of count-
less ringlets. Rings B and A are visible from Earth
with the aid of a telescope. The other rings were

seen with space telescopes. The rings vary in
width; for example, B is more than 15,000 mi.

[25,000 km] wide, while A is about 9,000 mi.

[15,000 km] wide. None of the rings is more than
I.2 mi. [2 km] thick, and at their thinnest, they
are only about 300 ft. [100 m]. The rings proba-
bly consist of ice, dust, and frozen gases.

Saturn has twenty-three moons. The largest,

Titan, is 3,090 -i. [5,150 km] in diameter. Thus,
Titan is about the same size as the planet Mercury.

It is the only known moon in the solar system that
has a measurable atmosphere. The thick orange

haze of Titan's atmosphere consists mostly of nitro-
gen. Saturn's six smallest moons, discovered by the

Voyager space probes, are each only about 12 mi.

[20 km] across.

See also SPACE EXPLORATION.

SATURN'S STRUCTURE

Saturn probably has a small iron-silicate core, surrounded by
liquid metallic hydrogen. Most of the planet consists of liquid
molecular hydrogen, with a thick atmosphere of hydrogen
and helium.
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SATURN'S RINGS

Saturn is noted for the rings
that orbit the planet's
equator (above). ln closeup
(left), the rings are seen to
consist of countless
ringlets, probably made up
of ice, dust, and various
frozen gases.
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SAWTISH

The sawfish is a relative of
the shark. Sawfish use their
saw-edged snouts for
digging up shellfish and
other invertebrates that
they eat.

SAI7FISH A sawfish is a saltwater fish in the

family Pristidae. It is a cartilaginous fish related to

the sharks (see I;ISH; SHARK). 'l-he sawfish gets its

name from its long, flarttencd snoLlt, which looks

like a saw. The cdges of the snout have sharp teeth.

The snor-rt is usecl bv the fish to stir up the ocean

bottonr to find the mollusks and other invcrte-
brates that it eats (see INVI-.Rl'l--llRAl'1.; MOLLUSCA). It
is also used to attack fish, disabling them so they

can be eaten. There are scvcral spccies of sawfish,

but only two-thc smalltooth sawfish and the
largetootl'r sawfish-are fbund off North America.

Some sawfish reach 20 ft. [6 m] in length and

weigh ovcr 1 ton [0.9 rnetric tonl.

SA\(/FLY Sawflies arc insects that, like ants, bees,

and wasps, belong to the order Hymenoptera (see

INSF.c't-). 'l'he narne satufly relers to the sawlike

ovipositor that rnost fcnralc sawflies have. The
ovipositor is a special egg-laying tube. The female

uses the ovil-rositor to cr.lt slits in leaves and to lay

eggs in tl'resc slits. Somc sawflies have a drill-like
ovipositor for laying eggs in woody twigs and

stenrs.

Sawfly eggs hatch into larvac (plural of ldrua)

(see I.AR\la). Most larvae fbed on the leaves of trees

and shrubs. Other larvae bore into stems and feed

on sap (sec s,lt'). In latc fall, the larva forms a

cocoon and spends the winter as a pupa (see

(-(XlO()N; l)Lll)A). In sprine, the pupa becomes an

aclult (scc MF.TAMoRI)H()SIS). The adults usually
leed on nectar, a sweet liquid fbund in many flow-
ers. Some species, however, eat pollen and small

insects (see I't)l.l.F.N).

C)nc of the n'rost conrnron sawflies is the pear
"slug." lt is foLrnd throughout the world and causes

grcat damagc to the leavcs olmany fruit trees.

SAXIFRAGE FAMILY The saxifrage (slk'sa

frij) family includes about 580 species of perennial

herbaceous plants (see IIERBAC.EOUS PLAN'I; PEREN-

NIAL PLANT). These plants are usr.rally found in cold

and temperate areas of the Northern Hemisphere.

Most members of the saxifrage family grow on or

between rocks. The leaves are often tighdy packed

into circular clusters. The plants are very popular in
rock gardens.

The flowers grow in clusters. Each flower usu-

ally has five sepals, five colorful petals, one or two

whorls of five stamens, and two pistils (see

FLOwER). The fruit is a capsule thart contains
many seeds.

See also FRUIT.

SAXIFRAGE FAMILY

Unlike most saxifrages, which grow low on the ground, the
meadow saxifrage (above) has flowers on long stems that
grow taller than the surrounding grass.

l6ll(r
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SCALE Most maps are drawn to scale. This
means that a given distance on the map represents

a certain, larger distance on the earth's surface.

Scale is sometimes shown in the legend, or key, of
the map as a straight line divided into miles or kilo-
meters. 'I'his is called a graphic scale.

Sometimes, the scale is written in words and fig-

ures, such as 1 inch = 3 miles. Other scales are writ-
ten as proportions, such as 1: 100,000. This means

that I unit of measurement on thc map represents

100,000 units on the ground. For example, if the

distance between two points on rr mafr drawn at

this scale is 3.5 in. [8.7 cm], the actual distancc

between the places represented is 5.4 mi. [8.7 kml.
Mapmakers clistinguish between small-scale

maps, which show large areas, and large-scale maps,

which show relatively small areas. Small-scale maps

show much less detail than large-scale maps.

See also MAP AND MAPPINc.

SCALE INSECT Scale insects are small insects

that bclong to order Homoptera. Like the other
members of this order, scale insects have a sharp,

beaklike structure called a proboscis, which they

use to pierce plants and suck out their juices. After
hatching, a young scale insect lands on a leaf or

other plant part and jabs its proboscis into the

plant. The plant thcn bccornes its permanent
home. Once attached, the scale insect may molt
into a nonmoving, legless form (see MOII-lNG).

Female scale insccts are wingless and have small

legs and antennae (see ,tN t l,xNAE). A female

secretes a waxy liquid that hardens into a tough flap

called a scale. She thcn lives and lays eggs under-
neath this covering. Some species do not lay eggs

but give birth to living young. Males are very small

and usually have onc pair of delicate wings. Some

males are wingless. The males have no mouth parts.

Thus, they do not eat. In some species, males are

rare, and the fcmales lay eggs that develop by

parthenogenesis (see PARTIIENOC;ENESIS).
-l-he Indian lac insect produces a scale that is

used in making shellac (see SHELT-Ac). Many scale

insects are serious pests and may cover completely

some part-roots, stems, or leaves-of a plant. The

California citrus industry was almost destroyed by

scale insects that we re introduced from Australia in

the 1 860s.

SCALE INSECT

Female scale insects lay masses of white eggs and can
almost completely cover the leaves of plants.

SCALLOP (skol'ap) 'l.he scallop is a bivalve
(two-sl'relled) mollusk closely related to the oyster

(see IIIVALVL,; MOLLUSCA; OYSTIR). Thcrc are morc

tharn four hundred species of scallops. The animals

have a worldwide distribution and range frorn shal-

low water to ocean depths of 2,000 fi. [(r00 m].
The scallop's shells, or valves, are usually firn-

shaped and sometimes ribbed. One valve is flat and

the other is saucer-shapcd. At the hinge, where the

ligament (tough fibrous tissue) connects the twcr

SCALLOP

The queen scallop has a row of eyes around the edge ol
each of its shells.
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valves, there are two winglike projections. The
inside of the shell is lined with a membrane called

a mande (see tv'tEtv,iezu+Nr). Each edge of this man-

tle is folded and fringed with slender growths called

tentacles and a row ofeyes.

Scallops are quite active. They swim by rapidly
opening and closing their valves. \When the valves

close, the water between the valves is forced out in
small jets through openings near the hinge. This
pushes the creature forward in a zigzag pattern.

Several species of scallops are found along the

Atlantic coast of North America. The most impor-
tant of these is the common scallop. Common scal-

lops may be found in bays and inlets from Nova

Scotia to the Gulf of Mexico. The deep-sea scallop

may grow to B in. [20 cm] in width. It is found
especially along the coasts of Maine and Nova
Scotia.

Scallops are a popular and commercially impor-
tant food item. The large muscle that closes the

animal's valves is the part of the scallop that is
eaten.

SCANNING TUNNELING MICRO-
SCOPE A scanning tunneling microscope is a
very sensitive type of microscope used to probe the

smallest details of surfaces (see tvttcRoscopE). It can

be used to view individual atoms (see arov). The
probe of a typical scanning tunneling microscope is

about the size of a thumb, although the electronics

and display components are considerably larger. In
the microscope, a metal tip that narrows to a single

atom at its point is positioned so close to a surface

that electrons from the atoms at the top of the sur-

face jump, or "tunnel," from the surface onto the

tip. '$7hen the electrons move, they form an electric

current. The size of the current depends on the dis-

tance between the tip and the surface. As the tip is
scanned (moved) across the surface, it is raised or
lowered to keep the electric current the same. The
up-and-down movement of the tip is converted
into a map of the surface. Bumps in the map show

the positions of atoms.

Scanning tunneling microscopes now have many

interesting uses. Because the scanning probe tips

can also be used to pick up atoms, move them, and

place them in another position with great preci-

sion, miniature scanning tunneling microscopes

could be used to move atoms into piles to create a

new way of storing data in compute rs. Scientists are

also using a modified form of a scanning tunneling
microscope to study the surface of teeth to find out
why some people's teeth are very sensitive to hot
and cold and to find a way to prevent this.

SCARAB (skir'ab) The scarab family
(Scarabaeidae) includes about 20,000 species of
beetles that are found throughout the world (see

BEETLE). These insects belong to the order
Coleoptera. One of the world's largest insects, the

African goliath beetle, is a member of the scarab

family. It sometimes reaches a length of more than

4 in. [10 cm]. The Japanese beetle is another mem-

ber of the scarab family. This insect was acciden-

tally introduced into the United States in 1916.

Since then, it has caused widespread damage to
plants throughout North America. The adult

Japanese beetle eats leaves, often destroying a plant
in the process. Each female beetle lays hundreds of
eggs, which hatch into larvae (plural of larua) near

the end of the summer (see I-nnvn). These larvae

feed on roots and spend the winter underground.
They emerge as adults in the spring, when they
begin the cycle of plant destruction once again.

Dung beetles, or tumblebugs, are scarabs that

There are about twenty thousand different kinds of scarab
beetles found worldwide. Some species feed on plants and
can cause damage to lawns and food crops. The scarab
pictured is commonly found in Africa.
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belong to subfamily Scarabaeinae (see DUNG BL,t-

TIE). These beetles are so named because they roll
animal dung into balls and then bury it. Eggs are laid
in these balls. When the eggs hatch, the larvae feed

on the dung until they turn into pupae (see vt'ta-
MORPHOSIS; PUPA). One species of dung beetles was

considered sacred by the ancient Egyptians. The
Egyptians believed that the beetle represented the

sun and that the short spines on the beetle's thorax

represented the sun's rays (see THORAX). They also

believed that the dung ball represented the earth.

Many other scarabs feed on dungwithout burying it.
They are important scavengers (see SCAVENGER).

See also INSTC'l'.

SCARLET FEVER Scarlet fever (also called

scarlatina) is an infectious disease that affects
mainly children (see DISEASE; INFBC'I'IoN). It is

named for the bright red skin rash that develops

when a person has the disease. Scarlet fever is

caused by one ofa group ofbacteria called group A
Streptococcus. These bacteria may also cause tonsili-
tis or strep throat (see S'I'RL,P 'fHROAf; 'fONSlL).

Some people infected with this type of bacterium
(singular of bacteria) may get only a sore throat.
However, these people can spread the bacteria,
which can then cause scarlet fever in others.

Scarlet fever develops rapidly. Symptoms include
high fever, rapid pulse, headache, muscle pain, and

nausea. The rash, consisting of red spots, appears

shortly after the onset of the disease. It disappears

after several days. Then the skin starts to peel.

Toxins (poisons) given off by the bacteria cause the

rash and the peeling. The toxins may affect other
organs, sometimes causing damage to the heart and

kidneys. A few patients become susceptible to other
infections, such as pneumonia and meningitis,
because their body is weakened from the scarlet

fever. Scarlet fever is most serious in children less

than one year old. As children grow older, they

develop more resistance to the disease (see ttl,tvu-
NrrY).

To keep the disease from spreading, patients are

usually kept apart from other persons. Doctors
often give the antibiotic penicillin, which is very

effective against the bacteria (see ANTIBIoTtc;

PENICILLIN). Sometimes, doctors inject gamma

globulin, a medicine prepared from human serum

(see SERUM). Gamma globulin helps the person

recover from the infection.

SCARP A scarp is a steep inland slope that rises

sharply from level land. It is formed when layers of
hard rock are tilted upward by movements of the

earth's surface.

Some fault scarps have been created by series of
earthquakes (see EnRruquAKL,; r.AULt'). For exam-

ple, during an earthquake in Assam, India, in 1897,

the land on one side of the fault moved upward rel-

ative to the land on the other side, creating a scarp

that is 36 ft. ll2 ml high.

oip
r:?flfr$,.r{ili,rrt$i:e$qr.:.l j:$'

A scarp is a steep, inland slope that rises sharplyfrom level
land. lt is formed when layers of rock are tilted by movements
of the earth's surface. The hard rock capping the tilted layers
resists erosion. The gentle slope leading to a scarp is called
the dip slope.

SCATTERING Scattering is the deflection of
light or other radiation that occurs when the radi-

ation hits particles of matter (see RAi)lA'l'loN).
\Mhen a ray of sunlight passes through misty,

smoky, or dusty air, we can see it because of the

scattering effect of the particles in the air. Light is

scattered in all directions, and some of the

deflected light reaches our eyes. Some of the light
energy is absorbed whenever a ray of light bounces

off a surface, even the surface of the tiniest parti-

cle. Every time scattered light hits a particle, more

energy is absorbed. Thick smoke, with its billions

of tiny particles that scatter and absorb light
energy, quickly absorbs rays of light that pass into
it. This effect explains, in part, why smoke is diffi-
cult to see through.

The British scientist Lord Rayleigh demonstrated
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the rule that governs the scattering of light. He

showed that light of short wavelengths (at the vio-
let end of the spectrum) is scattered much more

than long wavelengths of light (at the red end of
the spectrum) (see LIGHT; SPECTRUM; \(AVE-

LENGTH). This kind of scattering is called
Rayleigh scattering.

Rayleigh scattering explains why the sky appears

blue. Atoms and molecules of gases in the atmos-

phere scatter all wavelengths of the sun's light.
However, the shorter wavelengths of light, includ-
ing the blue light, are scattered more than the
longer wavelengths of light. Thus, more blue light
reaches our eyes when we look at the sky, and so the

sky appears blue. If the earth had no atmosphere,

there wor-rld be no scattering of light. Then, the sky

would appear black, as it does to astronauts outside

the earth's atmosphere.

Knowledge of the rules of scattering has made

it possible to design efficient automobile lights

for use in fog. Blue light in the beam from a head-

light is quickly scattered and lost in fog. It does

not penetrate very far. On the other hand, it is

difficult to produce a really bright red light
(except by means of a laser) that illuminates
objects clearly. Fog lights use the next best wave-

lengths, with bright orange or yellow colors, to
penetrate log.

SCAVENGER A scavenger, or scavenging ani-

mal, is one that feeds on dead, decaying matter.

The name is used especially for those animals that

eat the remains of other animals' prey. Vultures are

important scavengers on the African plains, where

they quickly reduce the carcasses (dead bodies) of
antelopes and other animals to piles of bones (see

vULTURE). Scavengers also include a wide range of
beetles and other insects that feed on dead leaves

and wood (see nuNc LrEL,'I'LL,). Some beetles even

chew through the bones and skin left behind by

carnivores and untouched by other scavenging

animals.

Scavengers play an important role in recycling

organic (carbon-containing) materials (see cARBON

CYCl.F.; NI'I'ROGL,N CIYCLE). tWithout scavengers (and

decomposers such as bacteria and fungi), we would

SCAVENCER

Termites are typicalscavengers. Here they are collecting
dead leaves, which they will use as a "c0mp0st" on which to
grow mushrooms inside the termite nest.

soon be buried in dead bodies,

other waste material.

ani.mal dung, and

SCHEELE, CARL \TILHELM (U42.
1786) (sha' la, karl wil' helm) Carl Scheele was a

Swedish chemist who made many discoveries about

elements and cornpounds (see c.()Ml)OUND; l,l.F.-

MENT). Scheele was born at Stralsund, Pomerrrnia,

which is now part of Germany. He worked lor a

pharmacist and taught himself chemistry.

Scheele was a brilliarrt researcher. He was among

the first people to synthesize (rnarkc by combining

parts) many rrcids, including oxalic acid, citric acid,

tarrtaric acid, and lactic acid. He also discovered

methods for making hydrogen sr-rlficle, hydrogen

fluoride, and hydrogen cyanide. He discovered

many elements, including chlorine, manganese,

barium, molybdenum, tungsten, nitrogen, and

oxygen. Scheele, however, is rarely given credit for
these discoveries. This is because other chemists

were doing thc same kind of work as Scheele and

often published their results before Scheele pub-

lished his.

Scheele studied a substance made from copper

and arsenic, which is called Scheele's green.

Scheelite, a mineral ore of tungsten, is also named

for him (sec t)Ru).
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SCHIST (shist) Schist is a type of metamorphic
rock in which the minerals are arranged so that the

rock splits into layers (see iltntal,toRpHICt RocK;

MINERAL). This characteristic is known as schistose

cleavage.

Schists are classified according to the minerals

they contain. For example, mica schist contains lay-

ers of shiny mica, while talc schist is rich in talc (see

MICA; TALCI). Some schists are made into flagstones

to be used for fireplaces.

SCHIST

Schist (above) is a type of metamorphic rock formed by heat
and pressure beneath the earth's surface. The minerals in
schist are arranged so that the rock easily splits into layers.

SCHISTOSOMIASIS (shis'to sa mi'a sis)

Schistosomiasis is a parasitic disease found only in
warm climates (see ntsl-Rsn; pAR\strE). The para-

sitic worm that causes the disease is called a schis-

tosome. Schistosomes are found in South America,

some Caribbean islands, Africa, the Middle East,

China, and the Philippines. In the past, the disease

was called bilharzia.

The larva, or immature form, of the schistosome

lives in water (see LARVA). It attaches itself to the

skin of a human being and burrows into the skin.

Once inside the body, the schistosome larva travels

to large veins, where it can cause an inflammatory
reaction that ir-rjures body tissues (see INFLAMMA-

TION). Schistosomiasis is difficult to treat, though
there are drugs that kill the parasites and are safe

and effective. Untreated, the disease can be fatal.

Scientists are trying to control the disease by killing
the worm larvae (plural of /arua) in infected water

and improving sanitation near water sources.

SCH

SCHRoDINGER, ERWIN (1 BB7-1e61)
(shro' ding rr, Er'vin) Erwin Schrodinger was an

Austrian physicist who developed a mathematical
explanation for the way electrons and other sub-

atomic particles behave (see ,cTol\a; EI.ECTRoN).

This equation, which is now known as the
Schrcidinger equation, was important in the
development of the quantum theory (see

QUAN'I'UM THEORY). In 1933, Schrodinger shared

the Nobel Prize for physics with the English
physicist Paul Dirac. Schrcjdinger was born in
Vienna; taught in Zurich, Switzerland, and
Berlin, Germany; and wrote several books,
including books about philosophy and the his-
tory of science.

See also PARTICLE PITYSICS.

SCH\U(ANN, THEODOR (18 ro-18s2)
(shwdn, t-' O d6r') Theodor Schwann was a

German doctor and biologist who made signifi-
cant discoveries about the importance of the cell
(see clnr-l). He was born in Neuss. He became pro-
fessor of anatomy at Louvain and later at Liege,

both in Belgium.
Schwann studied many different life processes.

He discovered the enzyme pepsin, which digests

protein (see nNzvtr,tE; IROTEIN). He also studied
the way muscles work. In 1838, he made the
observation that yeast is a kind of single-cell
organism that feeds on sugar. However, Schwann

is most famous for developing the cell theory of
living things in conjunction with Matthias
Schleiden. The cell theory, as proposed by
Schwann and Schleiden, states that all living
things are made of cells. Schleiden had already

begun to formulate this theory, but Schwann con-

tinued to work out many more details. He recog-

nized that plant and animal cells were similar in
many ways. He saw that an egg is a single cell con-

taining yolk and that the growth of an egg is a

multiplication of cells. He also saw that different
tissues are made of different types of cells (see TIS-

SuE). The cells that make up the myelin sheaths

that cover some nerve cells are called Schwann

cells after him.
See also NL,RVE cEL.t..
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Scierc, is the term for the broad field of human

knowledge concerned with facts that are explained

logically by rules, patterns, or principles. Scientists

discover these facts and test their explanations by

the scientific method, an orderly procedure for ask-

ing questions, generating answers, and solving
problems. Any subject that people can study by

using the scientific method is called a science.

The sciences include mathematics and logic; the

physical sciences, such as physics and chemistry; the

biological sciences, such as zoology and botany; and

the social sciences, such as anthropology and sociology.

ARIAS OF SCIENCE

Science is made up of many different areas of study. There is
overlap am0ng many of the areas. ln addition, these areas
can be broken down into smaller areas,0r subdisciplines.

\/k
d

BIOLOGY

Scientific study can be divided into pure science

and applied science. Pure science summarizes and

explains the facts and principles discovered about

the universe and its inhabitants. Applied science

uses these scientific facts and principles to make

things that are useful to people.

Science often involves classifying things-for
example, determining to what species a plant or

animal belongs. Scientists are also concerned with
causes and effects and being able to measure them.

Scientists require exact language to describe the

things and events they are studying. Many times,

the discoveries that scientists make about events are

new. They often have to create words to explain

their discoveries. The words mav be derived from
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Latin or (lreek. Many plant and animal names are

derived from these languarges. In other cases, the

words are entirely new, such as quark and laser.

Scientific method In doing their work, scien-

tists use what is called the scientific method. The
scientific method involves several steps: identi$r-
ing the problem; gathering all the known infor-
mation: and forming a hypothesis, or assumption.

The hypothesis offers a possible explanation for
an event that has been observed. To test the
hypothesis, the scientist designs and performs
experiments, where possible under controlled con-

ditions that allow the event to be affected by only
one thing (variable) at a time. He or she makes

careful observations during the experiments. The
scientist then draws a conclusion, deciding whether
the experiment supports the hypothesis. Before the

hypothesis is accepted, other scientists have to per-

form the experiment and get the same results.

Sometimes, a hypothesis is soon found to be

untrue. A new hypothesis thcn has to be developed.

Other times, a hypothesis is believed to be true for
many years belore it is proved wrong. Sometimes,

there is no way to test a hypothesis.

For example, Newton's laws of motion were

accepted for many years (see DYNAMICS; NE\(/'foN,

C

SIR ISAAC). However, as more observations of
different events were made, it was found that
Newton's laws did not hold for motion at speeds

close to the speed of light. In the early 1900s,

Albert Einstein published his theories of relativity,
which introduced a new way of looking at
motion. (A theory, like a hypothesis, is a possible

explanation, but one that has been widely tested

and is therefore more likely to be true) (see nlN-

STEIN, ALBERT; RELATIVITY). Einstein's theories led

to many conclusions that were regarded at that
time as strange and unbelievable. However,
numerous observations and experiments have

since upheld the predictions of Einstein's theo-
ries. These theories more accurately explain
motion at speeds close to the speed of light. They
also show that at much slower speeds, Newton's
laws accurately explain motion. In this way,

Einstein's theory encompassed Newton's laws

and went on to explain other events that New-
ton had not studied. Thus, E,instein's modifica-
tion of Newton's laws of motion has helped
scientists discover more about the universe.

Science today In the past four hundred years,

scientists have made many advances in many
fields. However, scientific discovery is an ongoing

CHEMISTRY

Chemistry is a branch
of science that
concentrates on making
or analyzing substances.
Here a chemist is setting
up equipment to make a

new type of drug.
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SCIENCE

MODERN SCIENCE

Science has progressed greatly during the past four hundred
years. Computers have revolutionized recent scientific
development. The computer allows scientists t0 pr0duce
visual models of complex chemicals.

process, and scientists will always be making new

discoveries that will give us a better understanding
of our un iverse.

In physics, scientists are using particle accelera-

tors to learn more about the structure of the atom
and of subatomic particles (see ICCEI-ERATORS,

PARTICLE; ATOM; PARTICLE PHYSICS). Through this

work, they are now generating different theories

about the nature of matter and about the
fundamental building blocks of the universe .

Astronomers are always discovering new stars

and new galaxies (groups of stars). By observing

how stars change over long periods of time and how

galaxies are arranged, they hope to find out more

about how our solar system and our planet origi-
nated (see AS'l'RONOMY).
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Medical scientists are studying specific diseases to
learn their causes and how they can be prevented.

They are testing new medicines that can help cure

many kinds of diseasc (see DIST,ASE; MEI)tCINE).

In biology and botany, scientists are studying
details of the different processes that plant and ani-
mal cells undergo. They are studying how the genes

control various cell processes (see clF-t.t.; GF,NETICTS).

Biochemists are trying to recreate conditions simi-
lar to those that existed when the earth was young.
In this way, they hope to learn more about how life
originated.

History of science The history of science can

be traced back to prehistoric times. Numerical
records carved in stone show that ancient peoples
had a knowledge of counting. Clay tablets from
Mesopotamia demonstrate knowledge of astron-

omy, medicine, chemistry, and mathematics. The
ancient Babylor-rians developed algebra and a

system of measurement based on the number
60. Egyptian documents frorn the same period
contain information on medicine and solid
geometry.

However, early scientific knowledge was poorly
organized. The ancient Greeks first began to sys-

tematize science. In the for-rrth century B.C., the

philosopher Plato's Academy in Athens emphasized

deductive reasoning and mathematical representa-

tion. Aristotle's Lyceum (school) taught inductive
reasoning and qualitative description (see ARIS'fO-
'r'r-t) . (In deductive reasoning, a person reasons

from general laws to particular cases; in inductive
reasoning, a person reasons from particular cases to

general laws. In qualitative description, a person

describes something as opposed to measuring it.)
The interplay between these two approaches has

led to most advances in science.

During the fourth century ts.c., an accurate mea-

surement of the earth, a theory of a sun-centered

planetary system, the beginnings of botany, and

anatomical/physiological studies based on dissec-

tion were developed. In this same period, rhe so-

called Hellenistic Age, Archimedes laid the
foundations of mcchanics and hydrostatics, and the

astronomer Hipparchus developed trigonomerry

(see ARCHIMEDL,S; HIPPARCHUS). Some great
advances were also made in the second century
A,It., with Ptolemy's observations in astronomy
and the medical writings of Galen, a physician
and philosopher (see GALL,N; PTOI-EMY).

During the Middle Ages, the Chinese and
Indian cultures were the sources of major scien-

tific advance s. The Chinese invented the
mariner's compass and devices to predict and
detect earthquakes. In India, the Arabic numerals

in use today were developed. A more modern
form of trigonometry also came from India. Much
of the Indian knowledge was transmitted to
Europe by the Arabs in the twelfth cenrury.

Science in sixteenth-century Europe experi-
enced a revival after centuries of disruption.
Copernicus published his famous work on the

solar system (see COPF,RNICUs). Vesalius pub-
lished his book on the human body that cor-
rected and modernized Galen's works and led to
the discovery of the circulation of blood. The
modern period in algebra began in the middle of
the century.

\X/hat are considered modern scientific meth-
ods and results began to appear in the seventeenrh

century, when Galileo made systematic verifica-
tion through planned experiments an important
part of science. Galileo used the newly developed

telescope, microscope, and thermometer in his

studies (see GALIT-F,o). The barometer, pendulum
clock, and exhaust pump also were invented. Sir
Isaac Newton and Gottfried Wilhelm Leibniz
developed a new branch of mathematics at the

same time. This branch, called calculus, became

the basis of modern physics.

The nineteenth century saw such developments

as the atomic theory of matter, the theory of elec-

tromagnetism, and the law of conservation of
energy. Darwin's theory of evolution was also

developed during this period (see DAR\(/tN,

CHARLL,S; EVOI,UTION).

The twentieth century has seen such great
advances as modern atomic theory, new surgical

and medical techniques, the development of elec-

tronics and computers, and space travel.

See also CHEMISTRY; PHYSICS.

ECI/ECs
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SCLERENCHYMA (skla rEng'ka mr)
Sclerenchyma is a strong, hard, nonliving tissue

found in plants. It is made up of cells that have lost

their protoplasm (see PRO'I'oPLASM). The cell walls

are thickened with large amounts of cellulose and

usually lignin as well (see cln,l.l.ut-ostr; I.lclNlN).

Sclerenchyma oltten forms fibers in the cortex,

phloem, and xylem of woody roots and stems (see

CORI'LX; PHLOF-M;XYI-F,M). This adds strength, sup-

port, and protection to the stems. Sclerenchyma is

also found in layers in the woody shells of nuts and

in seed coats. Single sclerenchyma cells are some-

times called stone cells. They give pears a grirty or

sandy texture.

SCORPION The scorpion is a small animal

that, along with spiders ar-rd ticks, is a type of arach-

nid (see ARACHNII)). The stinger, found at the end

of the body, is one unique feature of the scorpion.

Scorpions are found in warmer parts of the world.

About twenty different kinds of scorpions live in

the United States.

Scorpions are usually black or yellowish, ranging

lrom 0.5 to 7 in. [.3 to 17.5 cm] in length. T'he

body of the scorpion has two parts. The
cephalothorax, which is the thick, forward part,

consists of the head and chest. Behind the

cephalothorax is the abdomcn, which tapers to

form a "tail" (sec Alll)oMF.N; THORAX). This tail has

a stinger at the tip. Two glands at the base of the tail

give out a poison that flows from two openings (see

C]LAND).

The scorpion has six pairs of appendages. The

first pair, called chelicerae, are used to tear apart

prcy. The second pair, called pedipalps, are large

and have strong clawlike pincers. These are held

horizontally in front and are used as feelers and for

grasping prey. The last four pairs, each equipped

with two small claws, are walking legs.

Scorpions are noctuinal (active at night). They

feed chiefly on insects and spiders. Femalc scorpi-

ons bear their young alive.

Most people fear the scorpion because of its sting.

At least two general types of scorpions exist. One

type of scorpion has a sting that causes some pain

but is not fatal. The other type of scorpion injects a

dangerous nerve poison when it stings. The sting of
this type of scorpion can cause death. However,

most scorpions preler to retreat rather than fight.

They do not usually sting human beings.

SCORPION FLY Scorpion flies include about

three hundred species of insects, most of which

belong to the family Panorpidae. The male scor-

pion fly holds the tip of its tail over its abdomen,

much the way that the scorpion holds its stinger.

SCORPION

Scorpions, such as the one
shown right, are found
mainly in warmer parts of
the world. They have a

stinger at the end of their
upwardly curved tail. The
sting of a few species can
be f atal, but most are no
more harmfulthan the sting
of a bee or a wasp.
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Howcver, the scorpion fly does not sting and is

harmless. Scorpion flies are usually about 0.5 to 1

in. [1.2 to 2.5 cm] lorrg. Although most scorpion

flies have two pairs of spottcd wir-rgs, some are

wingless. Scorpior"r flies have long antennae and

long, thin legs (see AN'l F.NNAF.). They r.rsr.rally live in
cool, moist, woodcd areas.

Most scorpion flies arc omrrivorous, eating both
plant and animalmaterial. Somc hang upside down
from leaves, holding on with their front legs. These

hanging flies use their long hind legs to capture

other flving insects.

See also INS|C'I .

SCRES7 A screw is a cylindrical or tapering piccc

of metal or other strong material with a helical
groove (like a spiral staircase) cut into it. Each turn
of the screw moves it backward or fonvard. 'I'he

screw moves forward or backward with a greater

force than the force that is used to turn it. The
screw therefore, is a kind of simple machine or
force magnifier (see N{A(lHINF., SIN,{PLE).

The re art: many forms of screws. A wood screw

is used to join two pieces of material, such as wood,
together. As the screw is turned, it moves forwerrd,

pulling the pieces of wood together with great

SC

force. Another form of screu'is the nr-rt and bolt. A
nut and bolt grip'rs objects together tightly as the

nut is turned around the bolt. The objects are

pullecl together with a greatcr force than is used to

turn the nllt. A jackscrew uses the screw mecha-

nism to lift a car. A handle is used to tllrn the screw

of the jack. This produces a force large enough to

lift the car.

The screw is a kind of wedge or inclined plane
(see lNc.LlNL.l) I)LANL,). Raising an object by push-

ing a wcclge under it is easier than lifting the

object directly. The force used to push the wedge

under the object produccs a larger force, which
raises the object. In the case ol a jackscrew, the

thread acts as a wedge wrapped around a cylinder.
Tirrning the handle n-roves the thread turder the

car, as if a wedge was being pushed under the car.

ln the wood screw the thread cuts into the wood
as the screw is turnecl, as if a wedge was pulling
the woocl with great force.

SCREW

There are many kinds of screws and bolts, each designed for
a particular purp0se. Pictured here are (1) a round head
slotted wood screw, (2) a flat head Phillips wood screw, (3) a
flat head slotted wood screw, (4) a hexagonal head bolt, and
(5) a bolt for use with a hexagonal wrench.
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SCURVY (skfir'v€) Scurvy is a diseerse caused by a

lack of vitamin (l (ascorbic arcid) in the diet. Its
svmptoms include swelling ancl bleecling of the

gums; loose teeth; sore, stiff joints and legs; ancl

bleeding unclcl the skin. In inf,rnts, thc legs swell

and are painfr-rl whcn bent, and disorders of thc

bones often occur.

For many years, scllrlJ/ was a colrlmon problent

among sailors and othcr people who lacked a bal-

anced diet. The connection benveen scurr,y and

dict was not firmly establishcd until the 1700s. By

that time, pcoplc canle to realize that scurr'1. could

be avoided by inclLrding oranges, lemons, and other

citrus fn-rits, as r.vcll as cabbase, in the clict (scc c.l'l'-

RUS FI].UIT).

Todav, scurvy is very rare in indr-rstrialized coun-

tries. Even scvere cases of scurvy can bc cured in

sevcral davs by moderate doscs of vitarlin C.

Sec also DI:FI(llI:N(.\'I)lSF.ASF.S; Nt.r'l RI.l l()N; \'ll-A\1IN.

SEA e sca is a large bodv of salt watcr. J-hough the

word sea is often given thc same rneaning as ocean,

more strictly it is an arerr smaller than at'r ocean and

r-rsr-rally lies over a contincntal shelf close to land
(see C.tlN't'lNI'.N'l'AI SHF.l.l:; ()(lt:AN). Oftcn the

bound:rrics oFa particular sea are dcfinecl by penin-

sulas or island cha.ins, such as tl'rc Sca of Japan,
which lies betwecn the islands of Japan, the Asian

mainlancl, and the peninsul:r oF Korea. Large lakes

in cclntinental areas are oftcn tcrmecl "inland seas."
-l'hese 

inclr-rde thc Cas;rian Sea and the Deacl Sca.

SEA ANEMONE (se a nim'e nc) 'I'he sea

anemone is :r soft-bodiecl sea animal belonging tcr

tl'rc group known as coelcntcratcs or cniclarians (see

(.NII),\RL\). The sea ancnronc is closelv related to

the jelll,fishes ancl corals. 'l'he animal is so namccl

becausc it looks likc the lrnemone. a I<incl oltflor'ver.

Thc base of the sea anemone's body may stick to an

underrvater rock. to which it remains att:rcl'recl.

Some sea anemones fasten thcrnsclves to the shells

of crabs anci sharc the crabs' wanclerings. This rela-

tionship is symbiotic, since the crab is protcctecl by

the sca anemone rvhich, in turn, sl-ra.res the mertls

causht by thc crab (sce sYNIlll()sls).
-l'he 

sca anemone s rnouth is surrounded bi, a

cluster of slender, brightly colored growths called

tentaclcs, which look iike flower pctals. The animal

uscs its tentacles to catch lood and draw it into its
mouth. The tentacles are armed with tiny poiso-

nous stingers rhat numb small fish, crabs, and

shrimp so they can bc casily swallowed.

Sea anemones are for,rnd in great ocean depths

and along rocky seacoasts, such as the North
Atlantic co:rst, and ir-r harbors. The animals are

found in concentrarted numbers wherever a strong

currcnt exists. Anemones gathcr near such currents

because thc flow of the water helps bring an abun-

dance of food within their reach. Many sea

anemones livc bctween the tide levels. They survivc

when the ticlc goes out by pulling in their tentacles,

closing their rlouths, and contracting into rounded

blobs of jclly.

Sca anemones reproduce sexually, and also asex-

uallv by buddirrg. In budding, the new animal

grows out fronr the base of the parent's body, finally
breaking off and lorming a new individual.
See a lso lllll)l )lN(li I{IIPRODLJCTI()N.

SEA ANEMONE

Unlike most fishes, a clown fish is not harmed by the stinging
tentacles of a sea anem0ne because the skin of the fish
is covered by slimy mucus.

SEABORG, GLENN THEODOITE (re12-)
(llenn Seaborg is an American chemist who was

born in Ishpcnring, Michigan, and is l<nown for his

work in making elements. Hc was one of a team of
scientists who macle plutonium in 1940. Later, he
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led the team of scientists who made a number of
new elements that are called the actinides (see nll-
N{F.NT). There are sixteen actinide elements, each

having an atomic number between 89 and 105.

The actinides include americium, curium, berke-

lium, californium, e insteinium, fermium,
mendelevium, and nobelium. In 1951, Seaborg

shared the Nobel Prize for physics with Edwin
McMillan for work on the elements.

Seaborg was chancellor of the University of
California at Bcrkeley in 1958. He was chairman of
the U.S. Atomic Energy Commission (now the

Nuclear Regulatory Commission) from 1961 to
1971. Seaborg has been associate director of the

Lawrence Berkeley Laboratories lor over twenty
years. His many honors and awards include the

National Medal of Science. won in 1991.

SEA CUCUMBER'fhe sea cucumber is an

animal that is related to sea urchins and starfish. It
belongs to the phylum Echinodermata (see F,CHIN-

ODERMATA). The sem cucumber's body looks much
like a garden cucumber. It ranges in length from 1

to B0 in. L2.5 to 200 crnl. A mouth opening is at

one end of the bodv. Around the mor-rth is a ring of
slender, branching growths called tentacles, usually

numbering ten or more. These tentacles expand

and contract as the animal searches for and picks up

its food. Sea cucumbers feed mainly on debris (edi-

ble materials floating in the water). Some gather it
from the seabed with their tentacles, while others

use their tentacles like nets to catch the debris as it
falls. Most species have five double rows of tube

feet, which can be extended and used for burrow-
ing or crawling over the seabed.

There are more than 1,000 species of sea cucum-
bers founcl in all the oceans. They live mostly in
shallow water, but sometimes they are found at

great depths. Sea cucumbers can detach and throw
out their intestines when another animal attacks

them. The intestines interfere with the movements

of attackers, allowing the sea cucumber to escape its

enemies. The sea cucumber then grows a new set of
internal organs.

South Sea islanders place sea cucumber juices in
water to kill or stun fish. However. fluids from the

sea cucumber are not toxlc

In fact, sea cucumbers are

China.

SEA

(poisonous) to humans.

used in making soup irr

SEA CUCUMBER

The sea cucumber's mouth is surrounded by a ring of
tentacles, which the animal uses to pick up scraps of food.

SEA HORSE a sea horse is an unusual looking
saltwater fish that belongs to the family
Syngnathidae. It is closely related to the pipefish
(see ptsu; PIPEFISH).

Sea horses are so named because their head looks

like a horse's head. Sea horses are only a few inches

long. They swim holding the body in a vertical
position, with the head facing lorward.

SEA HORSE

Sea horses swim upright
in the water or anchor
themselves by coiling their
tails around weeds or
coral. This male sea horse
is carrying eggs in its
bellv pouch.
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Five species of sea horses live along the coast of
North America. Sea horses live in shallow, coastal

areas. They hide in seaweed to which they cling

with their tails. Sea horses have an unusual way of
reproducing (see REPRODUC'l'loN). The females lay

their eggs in pouches in the males' bellies. The eggs

develop inside the pouches.

SEAL A seal is a warm-blooded, hairy mammal

that has become adapted to life in the sea (see uAv-
l,tal). Eared seals, such as fur seals and sea lions,

belong to the family Otariidae (see SEa LIoN).

Earless seals, or true seals, such as harbor seals and

elephant seals, belong to the family Phocidae (see

F.t.L,PrIANT SI--At-). \Talruses, a third group of seals,

belong to the family Odobenidae.

Millions of years ago, the seal was a land animal.

In adapting to life in the water, the seal's feet and

legs evolved into flippers. Its body became stream-

lined. It is covered with oily, gray or brown fur. This

oily fur helps the seal slide through the water and

keeps water from penetrating the fur down to the

skin. Just under the skin, the seal has a thick layer of
spongy> fatty tissue called blubber. This blubber

keeps in the seal's body heat when it swims in cold

water. Most species of seals are adapted to life in
polar regions, and most of them live in the
Arctic.

SEAL-Layer of fat

Earless seals, or true seals, have weak flippers and move on
land by flexing their belly muscles. A thick layer of fat, called
blubber, keeps outthe cold. Pictured here are (1) a hooded
seal, (2)a harp seal, (3)a bearded seal, and (4)a ribbon seal.

Seals are fast swimmers for short distances, and

many of them can stay under the water for up to

thirty minutes searching for food. Seals feed on

fish, squid, and other sea animals. Seals range in

size from the ringed seal, which is about 5 ft. [1.5

ml long and up to 240Ib. [110 kg1 in weight, to

the elephant seal, which can be up to 20 ft. [6 m]

long and 6,050 lb. 12,750 kgl in weight.

Earless seals have no outer ears. Instead, they

have an opening on each side of the head leading

down to the eardrums. Their front flippers are

short, and in the water they are used only for steer-

ing. Most of the time they are held close to the

body. The two rear flippers are held together and

waved from side to side to move the seal through

the water, just as a fish swims by waving its tail from

side to side. On land, earless seals move about

clumsily by contracting their belly muscles.

Eared seals have small outer ears. Their front
flippers are comparatively long, and they are used

like oars to move the seals through the water. The

rear flippers are used as rudders for steering. The

rear flippers can be turned forward under the body,

allowing the seals to move quickly on land.

All seals come ashore to have their babies, or

pups, although some babies are born in shallow

pools at low tide. Some pups can swim almost

immediately, but most species spend two or three

weeks on the shore before their coats are ready for

them to take to the water. Eared seals and some ear-

less seals breed in large colonies.

Every summer, thousands of fur seals journey to
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SEAL-Agile swimmers

Although seals move clumsily 0n land, they are fast and agile
swimmers in the water. Pictured here are (1) the Hawaiian
monk seal, (2)the southern elephant seal, (3)the Weddell
seal, (4)the Ross seal, (5)the leopard seal, and (6)the
crabeater seal.
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the Pribilof Islands in the North Pacific to breed.

This seal rookery, as it is called, is the largest seal

breeding ground in the world.
Eskimos and other seal hunters from various

countries kill many thousands of seals each year.

Their fur is used to make coats and other gar-

ments. Seal meat is used in fertilizer and poultry
food.

SEAIAB Sealab was an oceanographic research

program conducted by the United States Nary to

find out whether people can live and work on the

sea floor in the relatively shallow waters of the con-

tinental shelf (see CON'fINENTAL SHELF). Scientists

called aquanauts lived in underwater chambers

called habitats for various lengths of time. After
they returned to the surface, they were tested to see

what effects the experience had had on them.

ln 1964, the Sealab I habitat was set at a depth of
about 200 ft. [60 m]. Four aquanauts spent eleven

days in Sealab I. They left Sealab for several hours

each day to work on the ocean floor. In 1965, Sealab

II was placed at a depth of 205 ft. 162.5 ml, and

twenty-eight aquanauts spent fifteen-day periods

in it. In 1968, Sealab III, an international coopera-

tion involving divers from Britain, Canada, and

Australia as well as the United States, was placed at

a depth of 600 ft. [180 m]. Five eight-person teams

each spent twelve days in it. It was found that the

aquanauts suffered greatly from cold when outside

the habitat, and the Sealab lll experiment ended

when one of the aquanauts died.

In 1969, the United States launched a scientific
program using a habitat called Tektite, which was

designed to allow aquanauts to stay on the ocean

floor for up to sixty days and to carry out exten-

sive research in marine biology.'I'he two-chamber,
four-room habitat provided a combination of lab-

oratory and living quarters. It was placed at a

depth of 50 ft. [15 m] in the Caribbean waters off
the Virgin Islands. In 1970, ten five-person teams

took part in the program over a seven-month
period. From this work, Tektite aquanauts learned

many new things about the ecology of coral reefs

and the living habits of the marine life that inhab-
its the reefs.

See AIso CORAL; DIVINC}; MARINL, BIOLOCY;

OCL,ANOCRAPHY.
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SEA LION The sea lion is a very agile (able to

move easily) typ. of seal that belongs to the family

Otariidae (see sE,ql-). The sea lion is an eared seal.

The males, with the exception of the California sea

lion, have manes. Sea lions feed mainly on squid,

octoplrs, and fish. They breed in large herds. Baby

sea lions are called pups. They are born after a ges-

tation period of one year (see CF.SIA'l'lON PI-.RIOD).

In some regions, sea lions are hunted for their meat,

blr.rbber, and hides. Their lur is yellowish to brown.
Steller's sea lion, also called the northern sea lion,

is a large species. Males are about 11 ft. [3.3 m] in
length and weigh about 2,200Ib. [1,000 kg]. The

California sea lion is a smaller species, with the

males reaching a maximum length of about 8 ft.

[2.5 rn] and weighing up to 600 lb. 1270 kg).

SEA LION
Unlike true seals, a sea lion has earflaps on the sides of its
head behind the eyes. Sea lions are good swimmers, but they
cann0t h0ld their breath underwater as long as true seals.
A female Steller's sea lion is illustrated.

SEA SLUC Th. sea slug, or nudibranch, is a
marine gastropod that lacks a shell and mantle cav-

ity (see cASTROPOo). It also lacks true gills,
although the body surface has many fingerlike out-
growths that help to absorb oxygen from the water.

These outgrowths, called cerata, are often bril-
liantly colored. Antennalike organs called
rhinophores grow from the head. Sea slugs are

found in shallow waters, whcrc they feed on sea

SEA SLUG

Sea slugs are shell-less gastropod mollusks that live tn
shallow waters, where they feed mainly on sea anemones.

anemones and various other sea animals. Sea slugs

are not bothered by the stingers of sea anemones.

Some species of sea slugs even take these stingers

into their own tissues as delense organs.

SEA SNAKE The sea snake is any of about fifty
species of venomous (poisonous) snakes that have

adapted to life in the sea (see sNAKE). Tl-rese ani-
mals have flattened, oarlike tails, and their bodies

are also slightly flattened from side to side. Their
nostrils have valvelike closings, usually on top of
the snout. Most sea snakes are about 3 rc 4 ft. l1

to 1.3 ml in length.
Most sea snakes are found along the coasts of

Australia and Asia. One species, the yellow-bellied

sea snake, is found throughout the Pacific Ocean. A
few sea snakes lay eggs on land, but the majority bear

live young at sea. Sea snakes feed mainly on fish.

SEA SNAKE

The black-and-yellow sea
snake swims by moving its
flattened tailfrom side to
side. Sea snakes swim far
out to sea, hunting for fish
to eat.
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A ,."ron is a division of the year characterized by

certain weather (see wu,tt'uln). In the tcmpcratc
regions of the globe, as in North America and

Europe, there are four seasons: spring, summer, fall
(or autumn), and winter. In the Northern
Hemisphere, spring begins on the vernal cquinox.
March 20 or 2I, when the sun is directly over the

equator. Summer begins on the summer solstice,

June 20 or 21 , when the sun reaches its northern-
most point. Fall begins on the autumnal equinox,

September 22 or 23, when the sun is again dircctly
over the equator. \Tinter begins on the winter sol-

stice, December 2l or 22, when the sun reaches its

southernmost point. The seasons are reversed in
the Southern Hemisphere, with winter beginning
in June and summer beginning in Deceml,er (see

EIIUINOX; SOLSTICE).

The seasons are a result of the earth's tilt on its
axis, an imaginary line running frorn pole to pole.

During the six months that the North Pole is tilted
toward the sun, the Northern Hemisphere receives

more sunlight than the Southern Hemisphere does.

The greater hours of sunlight result in more heat-

ing of the atmosphere and thr,rs warmer weather.

During this time, the seasons that include larte

DECEMBER 21-22
Winter solstice-Northern Hemisphere

Summer solstice-Southern Hemisphere

Winter-less sunlight

Summer-more sunlight

MABCH 20-21

Vernal equinox-Northern Hemisphere
Autumnalequinox SouthernHemisphere

SEnsoN

spring, summer, and earl,v fall occur in the
Northern Hemisphere. When the South Pole is

tilted toward the sun, the Northern Hemisphere

receives less sunlight and thus less heat. The
weather becomes cooler, and the seasons of late fall,

winter, and early spring occu.r in the Northern
Hemisphere.

Throughou.t most of the United States, the four
seasons are quite distinct. The summers are rather

warm, the winters are cold, and spring and fall are

somewhat milcl. In the tropics, where the sun is
strong the entire year, the seasons are r"rsr-rally dis-

tinguished by rainfall. Often, rain occurs during
certain months of the year (the rainy season), while
the rest of the year is dry (the dry season). In mon-
soon Areas, such as India, where the climate is con-

trolled by winds to and frorn the Indian Ocean,

there are three seasons-cold, hot, and rainy. The
polar regions are characterized by a short summer

and a iong, bitterly cold winter. The change
between winter and summer in polar regions is so

abrupt that there are only two distinct seasons.

l)uring the summer in the polar regions, the sun

does not set fbr several months.
See a/so CLIN{ATE; MIDNIGHT SUN.

SEPTEMBEB 22-23

- Autumnal equinox-Northern HemisphereI
Vernal equinox-Southern Hemisphere

\llilil'n,.uo* 
'un'

N

ffi
Summer-more sunlight

Winter-less sunlight

JUNE 2O-21

Summersolstice NorthernHemisphere
Winter solstice-Southern Hemisphere
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SEA SQUIRT TI're sea squirt, or asciclia.n, is a

t1'pe clf invcrtebrate with somc primitive vertebrrrte

ferltures (see tNVlll{l l:UI{A l l:; \'trl{l IBI{A l l,). These

features incltrde rr notochorcl in thc tail of thc fl-cc-

swirnnring larva (scc t.r\l{\A; N()l'()(.ll()Rtl).'l'here
rlre over 1 ,000 species, rrncl they arc fbund in all thc

oceans. J'['rc aninrals often attlch themselves to pier

pilines, shil-rs, crrrbs, and large scashclls. Sonre

species ol se,r squirts live in ccllonies, or large

groLlps. Other spccics are solitary.
'l'l're sea squirt looks like a lump of jelly. Its boclv

has ir tllnic (outer protcctivc covcring).'l'here are rwo

large pores (openings) in this covcring. C)nc porc

takes water into the boclv. 
'l'he other fbrces water out

of the bocil'. When the rrnimrrl is disttrrbed, it squirts

the wirter out cluite violently, thus giving the sea

scluirts tl'rcir nanrc. \J/ater taken into the bocly is fll-
terecl through the sievelike gills, which absorb oxy-

gen and also trap srnall fbocl particles.

Sea squirts have two body openings. 0ne opening tal<es in
water, which is squirted out of the other opening.

All erdults havc both n'ralc ancl lcmalc reproduc-

tive organs. However, eggs shed into the water are

fertilized by sperrn from another individual.
Reproduction nray also occur by budding (see BUlt-

DINC; HF.RMAI)HROI)l'l'f,.; Il.F.l)Il.()l)Lj(l I'lON). In sotnc

forms, fingerlike projections form br-rcls, break off,
ancl settle elsewhere to beconrc ncrv indivic{uals.

SEA URCHIN (se fir'chin) The sea urchin is an

echinodernr rvith a bocly sl-rapecl like a ball that is

sliehtlv flatte nccl at thc top ;rnci bottonr (scc l'.(.1 llN-
t)l)F.l{NIAI'i\). 'l'he sea urchin's bocly is coverccl with
limestone plates thlrt are ernbeclcleci in the skin.

l-hesc plates havc hingccl spincs that protect the

rrnimrrl from its enenries. Thc spines :rre so sharp

that they cat'r picrce :r persons fbclt if he or shc stcl'rs

on 11 sci.r urchin.
Ilctwecn the spines therc are nran)/ tir-ry tr-rbe

feet. These en:rble the sea urchin to move rrbout,

arrcl they are also usecl to crrpture fbod. 'l'hc tube

fect havc sucking clisks. J'hc sea urcl'rin thrusts thc

tube feet thror-rgh tiny holes in the boc{v covering.

The n-rotrth is on the underside of tl're bocly. In
mrluy sea trrchins the rc :rrc fivc pointed teeth set

in a cclmplicrrtecl "crlge" of muscles rrnd limcstonc
pIates. 

-l-his 
is called Aristotle's Iantern. It is r-rsed

to scrape algae and other fbocl from rocks and rcr

srind Lrp the foocl.

Sea urchins irre found on rocky shores, in sand,

ancl in clccp wrltcr. A typc of sca urcl'rin founcl or-r

the California coast can Lrurrow into solid rock.

Burrowing fornrs usr.rally stra.in fbocl particlcs lronr
the sancl and rvater with their tube feet. Sea urchins

scatter cggs or sperm fronr pores in thc upper sLlr-

lace of thcir boch', and fbrtilization takcs place in

the water. The yor-rng urchins p-lass through several

floating stages belore they reach nraturitv.

SEAS7EED Seaweeds are irlgae tl'rat live in the

oceans (see At.tiAtr). Most spccies live in shallow

coastal waters. In cooler waters, lclng, brown algae

(phylr-rm Phaeopl'rvta) are most plentiful. In
warmer and tropical waters, long, red algae (phy-

Iurn Rhodophyta) are more common. (lulhveed, or
sargasso weed, is a brown alga rvith many srnall air

bladders that help keep it :rf-loat (see SARCiASSo).

Cliant kelp is a large brown alga that lives in the

Pacifrc Ocean. It sometimes reaches a length of 20t)

ft. [60 nl.
Seaweecls have many uses. Some species suppll'

algin, a food additive. Algin helps keep licluids
th:rt have been mixed together from sep-ralating.

For example, algin is adcled to ice crearr to pre-

vcnt icc crystals fr-om fornring. It is also usccl itr
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salad dressings and chocolate milk. Agar is prc-

pared from another species of seaweed. Among
other uses, agar is used in laboratories as a culture
medium (fbod) for growing microorganisms (see

A(lAn). Seaweeds are rich in iodinc and other min-
erals. 'l'hey are sometimes used as lertilizers (see

FERTII.IzER). Many scicntists believe that, in the

near future, seaweed may be a major source of food
for people throughout the world.

SEAWEED

This seaweed is called bladder wrack after the small air
bladders that help keep it afloat.

SEDATTVE (sEd'a tiv) A sedative is a drug that
rcduces te nsion or induces slcep. Sedatives work by

depressing, or slowing down, the activity of the

central nervous system (see IlttUC; NF.RVOUS SYS-

't F-l\{). Some seclatives are taken in small doses

throughout the day to help relieve nervousness or
anxiety. Sedatives may also be taken in larrger doses

at night to help a pcrson sleep.

Until the late 1800s, alcohol and opium were the

two nlost widelv used sedatives. Barbiturates are

sedatives that were once widely prescribed in the

1950s and 1960s. However, they are not prescribed

as much today (see BARBITURATE). Today, most
seclatives be long to a class of drugs known as ben-

zodiazepines.

Sedatives are powcrful clrr-rgs. They can cause

great harm if they are used without supe rvision by

a n'redical doctor. However, if used in small doses

for a limited period of time under a physician's

supervision, sedatives can be safe and helpful.
Carefully administered sedatives are sometimes

used to treat minor mental disorders. Sedatives are

often used with other drugs to help produce anes-

thesia before surgery (see ANESTHF,TIC). In some

cases, sedatives are used to help relieve withdrawal
symptoms caused by alcohol or drug addiction (see

ADDTCl'rON).

In large doses, however, sedatives can cause

unconsciousness, coma, and death. Long-term use

of sedatives, even in small doses, can lead to addic-

tion. Addiction to a sedative, particularly to a ben-

zodiazepine or barbiturate, is even more dangerous

than addiction to a narcotic (see NARCoTIC).

Sudden withdrawal from a sedative often causes

severe convulsions and may result in death.

Most people who use sedatives for an extended

period of time develop a tolerance to the drug. This

means that they need increasingly larger doses of
the drug to get the same effect. Some people have a

paradoxical reaction to certain sedatives. This
means that instead of being calmed, they become

highly excited. In these cases, the doctor stops the

use of the sedative and may substitute another drug
to get the desired efGcr.

Se e a lso'f RANQUI t.lZER.

SEDGE FAMILY The sedge family,
Cyperaceae, includes ninety genera (plural of
genu) and four thousand species of monocotyle-

donous herbaceous plants (see HERBACEOUS

PLANT; MONOCOTYT-EI)ON). Most of these

grasslike plants are found in damp places through-
out the world. Unlike the grasses, however, mem-

bers of this family have solid stems that are often

triangular in section. The leaves, when present,

are arranged in three rows, and their bases are

wrapped around the stem. Tiny brown flowers

grow in spikes, or clusters (see FLOTVER; INFLORES-

CF,NCF.; I)LAN'I KIN(IDOM). The spikes are made of
either male flowers or female flowers. The sexes

may be on one plant (monoecious) or on different
plants (dioecious) (see vttNoECIOUS). Members

of this family range in height from about I in.

[2.5 cm] to 13.3 ft. [4 m].
The sedge family probably evolved from prim-

itive members of the rush family (see nusu).
Many sedges are called rushes. The bulrush, for
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SED

SEDGE FAMILY
The sedge called hard rush
(left) grows in damp places
near marshes and rivers.

example, is a member of the sedge family. Like the

rushes, bulrushes are used in weaving baskets and

chair seats.

SEDIMENTARY ROCK Sedimentary (sed'a

mEn'ta re) rock is formed frorn the accumulation of
sedirnent under wate r or on land. These deposits of
sediment include loose sand and pebbles as well as

the remains of dead plants and animals. Pressure

from above causes the material to harden into rock.

The hardening process takes many thousands of
years.

Sedimentary rock occurs in layers called srrata.

The strata are important in both geology and biol-
ogy because of the ir rich supply of fossils (see FOS-

slt-). The ages of different strata are somerimes

determined by comparing the fossils they contain.
Although sedimentary rock covers 75 percent of

the earth's surface, it only accounrs for 5 percent of

the earth's crust. Igneous ar.rd nretarmorphic rocks

nrake up the remaining 95 percent olr the earth's

crust (see I(;NtrOUS RO(IK; ME lANl()Rl'}HI(l ROCK).

Sedimcntarry rocks are classified according ro rhe

material from which they formed. Some sedirnen-

tary rocks a.re composed of rock fragnrents
cemented together. This rype is callcd clastic sedi-

mentary rock. Clastic rocks are the indirect result

of erosion. l.arger rocks are broken up by warer,

glaciers, and other agents olerosion (see enostttN).

The fragments are deposited in layers thmt eventu-

ally harden into rocks. This rock-forming proccss is

called lithification. Dr-rring lithificatiorl, wilter is

pressed out from between the rock fragments, and

the fragments are bound together by new minerals.

Typ.r of clastic sedimentary rock include conglom-
erates, shale, and sandstone (see CONGLOML,T{At'F.;

SANDS'IONt; SHALE).

Chemical scdimentary rock forms frorn minerals

that were once dissolved in water. After the water

evaporates, the minerals crystallize. Sedimenrary

rocks lormed this way include gypsum and some

kinds of limestone (see CYPSUM; l.lN,lI..S1-ON[).

Organic sedimentary rock forms from the
remains of dead plants arrd animals. These remains

include shells, skeletons, and other organic matter.

Many types of limestone, such as the chalky lime-
stone olthe Whitc Cliffs of Dover in England, are

organic sedimentary rocks. Coal, which forms lrom
decayed organic matter, is also an organic sedimen-

tary rock.

See a/so CIOAL; ROCK; R()C.K CYCI.F..

SEDIMENTARYROCK
Sedimentary rock, such as
this sandstone cliff in Baja
California, Mexico, occurs
in layers called strata.
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A r".d contains an embryo plant that developed

from a lertilized egg. Thc sced developed from the

ovule that contained the egg (see F.MBRYo; FLRl ll.-

I1-AI'loN; Pol-l.lNAl'l()x). Most seeds also have an

endosperm and a seed coat. The endosperm con-

terins a store of food, which is r.tsed by the embryo.

The lood consists of frrts, proteins, and carbohy-

drates, especially starch. The endosperm is formed

at the samc time that the egg is lertilized (see

L.Ntx)sp[RNr). The seed coat develops fronr the wall

of the ovule. It may bc thick or thin, depending on

the species ol plant. The function ol the seed coat

is to protect the embryo and to keep rnoisture from

escaping frorn the seed. Among the angiosperns,

or flowering plants, the seed is enclosed by a fruit
that develops fiom the nrature ovary (see

ANGIOSPLRNl; Fl.O\XrF-R; I RUI-f ). An-rong gvm-
nosperms, which are mostly cone-bearitrg plants,

the seed sits on a scale of the cone (see CONIFER;

cYMNOsPLRl,t). Seeds arc the maior reproductive

structlrres of all higher plants.
-I-he 

embryo is a tiny plant. It has one or more

leaves callecl cotyledons (see COTYI.F.I)ON). The
embryo gradually absorbs food from the
endosperm. The embryo needs this food as an

energy sourcc as it begins to grow. If all the food in
the endosperm is absorbed by the embryo before

the seed is ripe, the seed is said to be nonendosper-

mic. If only part of the fbod is absorbed, the seed is

endospermic. Food taken fiom the endosperm is

initially stored in the cotyledons. The seeds of
angiosperms have one or two cotyledons. Plants

that have seeds with onc cotyledon are called

monocotyledons (see MONOcoIYLLDoN). Plants

that have seeds with two cotyledons arc called

dicotyledons (see l)l(lo'lYl.lrDclN). Conifirs may

hmve between eigl-rt and twenty cotyledons.

SEED VARIETY

The seeds of the gladdon
(above), also called stinking
iris, are carried inside bright
red berries. The berries
smell like rotten meat and
attract animals that eat the
berries and scatter the
seeds in their droppings.
The seeds of the da ndelion
(left) are attached to small,
fluffy "parachutes" that are
scattered widely by the
wind



SEED

In addition to the cotyledons, an embryo has a

tiny root called a radicle and a tiny stem called a
plumule. \When these structures start to grow, they
use some of the stored food. The radicle grows into
a root that begins absorbing water and minerals.

The plumule grows into a shoot that produces
leaves. Once the leaves have formed, they start
making their own food through photosynthesis
(see PHOTOS\N'l'HL.SIS).

The sprouting of a seed is called germination (see

GERMINATION). Most seeds require a certain rem-

perature in order to germinate. Many require a

period of low temperatures before they can germi-
nate at a higher temperature. This period of inac-

tivity is called dormancy (see DORMAN()Y). During
dormancy, a seed uses its stored lood supplies ar a
very slow rate. Some seeds germinate in the spring
as soon as the soil begins to warm. Others germi-
nate in the summer, when the soil is hotter.
However, other seeds may germinate as soon as

they are released from the parent plant. Some even

germinate while still attached ro rhe parenr.

Oxygen and water are also required for germina-
tion. Oxygen gives the seed the ability to change

food into energy. This energy is used for growing.
\7ater causes many changes in the seed. As the seed

absorbs watet its coat softens, and its inner tissues

swell. The embryo breaks through the seed coar as

it grows. The radicle grows downward into the soil.

A network of delicate root hairs develops from the
radicle. These hairs take up minerals and water. As

DEWBERRYSEEDS

The dewberry bears
compound fruits called
drupelets, each of which
contains a single seed.
When ripe, the fruits are
eaten by birds, which
scatter the seeds.

the radicle grows downward, the plurnule pushes

upward toward the light.
Seeds vary greatly in size, shape, and appearance.

Some, such as those oF the orchid family, are so

small that they can hardly be seen with the naked

eye. Others, such as those of a type of coconur, are

hugc and may weigh more than 40 lb. ltB kg].
S/hen they arre mature, the seeds must be dis-

persed, or scattered, so that they will all have a

chance to grow. There are several means of disper-

sal (see DISPLRSION OF I)I.ANTS). Some seeds are

light or have special feathery or winglike structures

that allow thcm to float on the wind. Some have

waterproof seed coats, or "shells," and float in the

water. Some fruits and seeds are enclosed in fruits
that arc caten by animals. The animals spit out the

seeds or scatter them in their droppings. Son-re

fruits and seeds are sticky or have burrs, which also

attach to animals that disperse them.

Seeds are used wiclely as foods. Bread, breakfirst

cereal, and pasta are usually made from the seeds

of corn, barley, oats, rice, rye, and wheat (see

(ll-.RF.AL CRoP). Legume see ds, such as beans,

peanuts, and pcas, are important fbods around the

world (see LE(,UMt-). Livestock eat seed mixtures.
Seeds contain oils that are extracted and used in
cooking. Some of the rnost comrnon oils from
seeds are corn, peanut, scsame, soy, ar-Id sunflowcr.
Seed oils are :rlso used in paints, sorrps, and wood
finishes. Seeds of the coffee and cacao plants :rre

used to make beverages.
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SEISMOLOGY (srz mdl'a je) Seismology is the

study of earthquakes and seismic, or earthquake,

waves (see F.AR]'HQUAKE). Seismologists use an

instrument called a seismograph to record the time

and intensity of seismic wAves generated by an

earthqr-rake. Such recordings are taken in several

places to determine the epicenter, or point of ori-
gin, ofan earthquake.

Seismology is also concerned with the properties

of the materials that occur within the earth. Seismic

waves can be produced by dynamite, bombs, and

other artificial means. These "artificial" seismic

waves help seismologists learn about the geophysi-

cal properties of faults, oceanic ridges, and other

geological formations (see IrALll.l').

It was through seismology that scientists deter-

mined that the rocks con'rposing the earth's crust

and mantle are quite different (see ITARTH). It is

known that se ismic waves suddenly change speed as

they pass from the mantle into the crust. This led

to the discovery of the Moho (Mohoroviiii discon-

tinuiry), the boundary region between the mantle

and the crust (see MoHO). Seismology also plays an

important role in prospecting for petroleum and

other substances.

See a/so Cl F-Ot-O(lY; PROSPF.CI-lNC.

SELECTIVE BREEDING Sclective breeding

is the controlled breeding of plants or animals to

produce individLrals possessing one or more desirable

characteristics (see uRIiEDtN(;). It is often used to

combine the useful features of two or more races in

a single individual. It is also called artificial selection.

Selective breeding has been taking place for
thousands olyearrs, ever since people started farm-

ing and picking out the best plants to use as seeds

for the following year. Now that we know how

characteristics are passed from one generation to

the next, selective breeding has become much more

scientific. Plant breeders, for cxample, have pro-

duced today's high-yielding wheat varieties by

selecting plants with large grains and cross-breed-

ing them with plants known to have strong stalks

and a high resistance to disease. Selective breeding

has also led to many improvements in farm ani-

mals, such as quicker growth, leaner meat, and

higher milk yields. These crossbred plants and ani-

nals are known as hybrids (see HYBRID).

But selective breeding can go wrong. In an

attempt to increase honey yields in Brazil, a race of
high-yielding African honey bees was imported
during the 1950s. These bees were known to be

more aggressive than the local bees, but it was

hoped that interbreeding the two races would pro-

duce a hybrid with the tameness of the local bees

and the high honey production of the African bees.

Unfortunately, this did not work. Some of the

African bees escaped and mated with the local bees,

creating a population of "killer bees." These

hybrids have killed many people and animals. The

bees spread rapidly and reached Texas in the early

1 990s.

See also GENETIcS; HL,RL,DI I'Y.

SELF-POLLINATION Setf-pollination is the

transfer of polle n from the anther (part of the male

structure) to the stigma (part of the female struc-

ture) of the same flower (see AN'rHER; FLO\X/F,R;

s't'tGMA). Cells from the pollen grain then grow

into the pistil and fertilize the eggs (see ptsTlt.; pclt.-

l.tNAI'toN). Most plants have developed ways to

prevent self-pollination and encourage cross-polli-

nation, which is pollination with pollen from
another flower of the same kind. This is better for
plants because it enables genes to mix and produce

new stronger, and possibly more efficient offspring
(see CENI,; (iENF,TICiS; HEREDITY). However, self-

pollination often occurs toward the end of a

flower's life if it has not been cross-pollinated.

Some flowers, such as garden pea flowers, actually

prevent cross-pollination by failing to open prop-

erly, denying access to "foreign" pollen. Violets and

some other plants produce special nonopening
flowers, called cleistogamous flowers, in the fall.

These flowers always pollinate themselves and

ensure that some seed is produced even if the ear-

lier flowers have not been pollinated.

Plant breeders also use the term self-po/linationto

refer to the pollination of a flower by any other

flower on the same plant. Cross-pollination would
then be defined as pollination by pollen from
another plant of the same kind.
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SEMICONDUCTOR A semiconductor is a
substance that has different resistances to the pas-

sage of an electric current under different circum-
stances (see RESIS'l'ANCl,, l,LtC'l'RlCAt-). Semi-
conductors conduct electricity better than insula-

tors but not as well as good conductors, such as

metals (see CONDUCTION OF FI.F,CTRICTTY). This
gives them their name, which means "half-conduc-

tors." How well semiconductors conduct electricity
depends on their temperature. \When a metal is

heated, its resistance increases. However, when a

semiconductor is heated, its resistance decreases.

Thus, a heated semiconductor conducts electricity
better than one that is cold.

Semiconductors are also sensitive to the energy

of light. The greater the intensity of the light that
shines on them, the better they conduct electricity.

The effect that light and heat energy have on semi-

conductors makes them extremely use ful.
Semiconductors are used in photoelectric cells and

in solar cells (see pHOToF,r.ncrRlC cELr.).

Semiconductors include the elements germa-

nium, selenium, and silicon, and the compounds

lead sulfide, silicon carbide, cadmium sulfide, lead

telluride, gallium arsenide, and indium antimonide
(see COMPOUND; F.t F.MENT). When the atoms of
these materials absorb heat or light ene rgy, the elec-

trons become less tightly bound to their atoms.

They now can conduct electric current more read-

ily. The resistance of the material decreases. The
electrons that carry electric current frorn one atom

to another are called valence clectrons (see ATOM;

VAI-11NCF-).

Another special property of semiconductors is

the way that they behave when they are joined to
another material, which may be a metal or a differ-
ent semiconductor. The junction between the dif-
ferent materials forms a boundary. It allows
electricity to pass more easily in one direction than

the othcr. This property is used in transistors and

integrated circuits for various electronic devices

(see INTE(]R { f ED CIRC U I'l'; l'tu{l.\SlS l'OR).

Special semiconductors are made artificially for
different purposes. A natural semiconductor, such

as the element germanium, is called an intrinsic
semiconductor. Adding impurities to a natural

Source Gate

SEMICONDUCTOR
Semiconductor materials, such as silicon and gallium
arsenide, are commonly used to make diodes and transistors.
Diodes are employed t0 convert alternating current (AC) into
direct current (DC). Transistors have many uses, including
acting as amplifiers to "magnify" an electric current.

Semiconductor materials
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semiconductor produces another kind of semi-
conductor, an extrinsic semiconductor. This
process of deliberately adding impurities is called
"doping." There are two types of extrinsic semi-

conductors: a p-type semiconductor and an n-
type semiconductor.

The pin p-type stands for "positive." In this type,

the atoms of the impurity have fewer valence elec-

trons than the pure substance around them. They
accept electrons, which have a negative charge,

from nearby atoms. This leaves the nearby atoms

with a "hole" wherever an electron has been lost.

This "hole" acts as a positive charge. If an electric

current is passed through the material, electrons
jump from one hole to another to carry the current.

The nin n-4tpe stands for "negative." In this type

of extrinsic semiconductor, there are no holes to act

as positive electric charges. Instead, there are excess

electrons that are not needed by the atoms of the

impurity or by the nearby atoms of the pure semi-

conductor. These so-called free electrons have a

negative charge. They can jump freely from one

atom to another to carry an electric current.

By joining an n-type semiconductor with a p-

type semiconductor at a junction, several useful

electric devices can be made. Others can be made

by making a "sandwich" of the two different types

of semiconductors.

See also CIURRL,N'I, L,LL,C'l'RIil; LED; SUPERCONDUC-

TIVI'I'Y.

SENSE In biology, a sense is a means of collecting
information about the world and detecting changes

within the body. The best-known senses are sight,

hearing, taste, smell, and touch. These are known

as the external senses because they give information
about the outside world. Internal senses give infor-
mation about the workings of the body. The inter-

nal senses include hunger, thirst, fatigue, pain,
balance, and proprioception (the sense of bodily
position and movement) (see PRoPRloctPl'loN).

The senses begin to act when something stimu-
lates special nerve cells called receptors in a sense

organ. The receptors send nerve impulses along sen-

sory nerves to the brain. \7hen these signals reach

the part of the brain called the cerebral cortex,

S,E

we become conscious of the stimulus (see gRatN;

NERVE CEI,I,; NF,RVOUS SYSTEM; RECEPTOR).

Different parts of the cerebral cortex are associated

with each of the external senses. For example, the part

for vision is at the back of the cerebral hemispheres.

The part of the brain known as the hypothalamus

is associated with some of the internal senses, includ-

ing hunger and thirst. The cerebellum is associated

with the senses of balance and proprioception.

See also EX.fRASENSORY PERCEPTION; PERCEPTION.

L PROJECT 6J,74

SENSITIVITY Sensitivity, also known as irri-
tability, is one of the seven diagnostic features of
living things. It is the ability of an organism to

detect and respond to changes in its surroundings
and also within its own body. In most animals, the

changes are detected by special sense organs, such

as the eyes or pressure-sensitive receptors in the

skin (see SENSE). Plants lack obvious sense organs,

but they can still pick up signals from the environ-
ment and respond accordingly. A plant receiving

light from just one side, for example, bends in that

direction (see MOVEMEN'I' OF PLANTS). Sunflowers

growing in an open field usually turn their heads to

follow the sun during the day. Even the simplest

organisms display some degree of sensitivity, even

though they lack any sort of sense organs. Aquatic

protozoans respond strongly to chemical stimula-
tion, moving toward food extracts added to the

water but turning away from acidic materials.

SENSOR Sensors are devices used to detect or
measure different types of physical properties.
There are many different kinds of sensors, each spe-

cially designed to measure a particular property,
such as sound, pressure, light, heat, or chemical

composition.
A mercury thermometer is an example of a sim-

ple type of sensor (see THERMOMETER). Here an

increase in heat causes the mercury in the bulb to
expand and move up a glass tube. The distance that

the mercury moves can be correlated with the

amount of temperature rise. Many other types of
sensors work by converting a nonelectrical property
into an electrical signal that varies as the property
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being measured changes. The amount of change

can then be calculated by measuring changes in the

electrical current.

See a/so REMOTE SENSING.

SEPAL

The sepals of these chrysanthemum flowers are the green
structures that surround the buds before they open.

SEPAL (se'pal) The sepals are the outermost parts

of most flowers. The sepals protect the delicate

developing flower. Once the flower opens, the

sepals usually fold back or drop off. Most sepals are

green and leaflike. Some, however, are brightly col-

ored and are easily corrfused with the petals.

See a/so FI-OWF,R.

SEPARATION In chemistry, separation is the

splitting of a mixture of different substanccs into its

components (see vlxruRe). Natural products from

animals and plants, as well as human-made materi-

als, occur in mixtures. Individual substances can be

separated from mixtures in various ways. A soluble

substance can be separated from an insoluble sub-

stance by filtration (see ScllutioN AND SOt-UtslL-

rrv). The mixture is placed on a filter that retains

(holds back) the insoluble substance and allows the

solution of soluble substance , called the filtrate, to
pass rhrough (see FIL1'L,R; FIITRATION).

A soluble substance can be separated from other

soluble substances by crystallization from a solu-

tion. One common method of obtaining crystals of
a substance is allowing the solvent (water or some

organic liquid) to evaporate (see L,vAPORATIoN;

SOLVENTS). Pure commercial sugar (sucrose) is sep-

arated from the many other compounds present in

raw sugar by evaporating the solution (see

SUCRosE). The sucrose crystallizes out, leaving the

impurities in the liquid.
Liquids can be purified by distillation (see DIS-

'I'ILLATIoN). Solid impurities in water are removed

by boiling the water and cooling the steam to

obtain distilled water. Two or more liquids that

have different boiling points can be separated by

distillation through a fractionating column and a

condenser (see coNonNsER). In the petroleum

SEPARATION

Rows of Iarge filters are
used to separate
suspended solids from
water at a water treatment
plant. The filtered water is
treated with chemicals to
kill any germs and then
pumped into the water
supply system.
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industry, fractional distillation is used ro separate

clifferent products, such as gasoline, diesel fuel, and

other liquids, from each other.

Chromatography is a process for separating
and identifying the components of mixtures of
substances. The re are different types of chro-
matograph/ (see CHROMATOCjRAPHY). In paper
chromatography, a drop of liquid containing the

mixture is placed on a sheet of filter pape r. A liq-
uid is then allowcd to flow over rhe spot and

down the paper. Plant pigments can be separated

in this way.

Column chromatography uses a glass or plastic

tr-rbe filled with an absorbing material such as alu-

mina. A solution of a mixture of substances is passed

down the column followed by more of the same or
another solvent. The individual components in the

mixture travel down the column at different rates

and are collected separately as the liquid flows out
the bottom of the column. Chromatography is used

in the pharmaceutical industry in the preparation of
drugs.

SERPENTINE (sfir'pan ten') Serpentine is a
colorful, common rock-forming mineral that takes

a high polish (see tvlNt-RRt.; ROctK). It gets irs name

from its green and white mottled appearance,

which resembles a serpent's (snake's) coloring. Its

chemical composition is Mg,Si,05 (OH)4.

Serpentine occurs in two distinct forms: antig-
orite and chrysotile. Antigorite, a flaky variety, is

found in massive rocks in many parts of the world.
It is used as an ornamental stone to cover the out-
side of buildings. The largest deposit of chrysotile,

the other variety of serpentine, is found in Ontario,
Canada. Fibrous forms of chrysotile used to be the

most important source of asbestos.

See a/so ASIILS'11)S.

SERUM (sir'em) Serum is the straw-colored,
watery fluid left behind when blood clots. It is

identical to plasma, except that it lacks fibrinogen
(see ttt-c-tc-llr; pt.ASMA). Fibrinogen is a protein that is
needed for blood to clot. Because serum contains

no cells or clotting factors, it can be removed from
one person and ir-rjected into another without

SE

causing clotting or other complications (see BLooD

I,RANSI]USION; BI,OOD TYPES).

Serum is mostly water. It also contains other sub-

stances, such as dissolved nutrients, wastes, miner-
als, hormones, and proteins. The most important
of these proteins are the albumins and the globu-
lins. The albumins help control the osmotic pres-

sure of the blood (see oSMOSrs). In other words,

they keep water from leaving the blood and enter-

ing the tissues.

The globulins include a group of proteins called

the gamma globulins, or immunoglobulins.
These proteins are antibodies, which give people
immunity to diseases. Antibodies are produced in
the blood in response to an infection (see ,lNTt-

BODY; IMMUNE SYSTEM; INFECTION). \il/hen a

healthy person has recovered from an infection,
his or her serum contains antibodies that were

produced to fight that infection. Some of this
serum can be removed and injected into someone

else suffering from the same disease. The antibod-
ies in the serum help the person's own immune
system fight the infection. Serum used to trcat
infections caused by microorganisms is called
antiserum (see MICROORGANISM). Serum used to
treat infections caused by poisonous animal bites

is called antivenin.
Antiserum may be given to an unvaccinated per-

son who has bee n exposed to a certain disease, such

as measles. The antiserum provides passive immu-
nity. Although the active immunity produced by

vrrccination is more effective and longer lasting,

passive immunity develops much more quickly (see

VACCINATION). In some cases, such as rabies, both
antiserum and vaccinations are used as treatment.

See also RABIF,S.

SERVAL (siir'val) The serval is a slender, beauti-

fully marked African cat. It has long legs and

stands about 18 in. [45 cm] high. Its body is about

3 ft. [0.9 m] long. The serval's fur is yellow with
black spots.

The serval lives in grasslands from the Cape of
Good Hope in the south to Senegal and Sudan

in the north. It hunts at night, feeding on fowl
and other animals, including small antelopes. Its
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large ears can swivel around and pick up the
slightest sounds. The serval generally hunts on the

ground, where its spotted coat provides excellent

camouflage, but it is an expert climber and often
climbs trees to hunt birds.

SET THEORYIn mathematics, a set is a collec-

tion or group ol items. If X is the set of natural
numbers less than 6, we write: X = (1 ,2,3,4, 5).

4 C X means that 4 is a member of the set X.
If one set is completely included in another set,

we say is it a subset of the larger set. Jf Y = (natural

numbers less than 100), then X is a subset of Y.

This is written X C Y.

AVenn diagram represents sets as closed loops. The

diagram following shows X as a subset of Y. That is,

every number of the set X is also a member of the set Y.

Sets can be combined in
section of two sets, A and

mon to both A and B.

various ways. The inter-
B, is the set of items com-

SERVAI

The overlapping dark blue part

written A nB. The set of items

A or B or both is called the
sets. It is written A UB.

The serval is a medium-size
cat that lives in African
grasslands. lts spotted coat
makes it difficult to see in
the grass.

ANB

is the intersection,

belonging either to
union of the two

AUB

I

N

I

N

I

I

I

N

I

Example:A=(1 ,2,3,4)
B = (2,4,6,9)
AnB =Q,4) andAUB=(1 ,2,3,4 6, g)

If two sets do not overlap, then the intersection

is an empty, or null, set, written A.If C = (8, 9, 10),

then A aC = A.



The set of items

complement of A,
not belonging to A is called the
and is written A'.

The theory of sets was invenred in the nine-
teenth century by the German mathematician
Georg Cantor. It has been used as a foundation on
which all the laws of mathematics can be built.
See also MAIHE,MATICS.

SESflAGE TREATMENT (soo'ij tr€t'mant)
Sewage is a watery mixture of wastes that come
from homes. It includes human wastes, soapy and
dirty water from sinks and bathtubs, food scraps,

and other garbage washed down drains. More than
90 percent of sewage is water used to wash the
wastes away. A household can produce hundreds of
gallons of sewage every day. There are rwo ways of
disposing of this sewage. It can be stored in septic

tanks in the ground until it soaks into the soil, or it
can be dumped into bodies of water, such as rivers,
lakes, and oceans.

Cities produce millions of gallons of sewage a

day. There is not enough space in the ground for all
of it, so cities are forced to dump the wastes into the
water bodies. Unfortunately, this is a serious form
of pollution (see loLLu'r'roN). Human wasres con-
tain bacteria and viruses that cause diseases. $Zhen

SEV/

these disease-causing microorganisms get into
water, the water cannot be used safely for drinking
or swimming. Also, the garbage in the sewage rakes

oxygen from the warer as it decomposes (see

DECoMPOSITIoN). In heavilv polluted warer, rhere
is little oxygen, causing fish and other forms of
water life to die. The only way ro prevent this pol-
lution i5 1s 11g21-or clean up-rhe sewage before

it is dumped into the water body.

Sewage may be carried from homes in under-
ground pipes that lead to a sewage trearmenr planr.
Once in the plant, the sewage undergoes primary
treatment. Primary treatment removes the solid
wastes by allowing them to sink to the bottom of a
large tank. The liquid sewage is drained off the top,
and the solid sewage is collected from the bottom
and burned, composted, or dumped into a landfill.
Some sewage plants provide only for primary treat-
ment. The liquid sewage is then poured into the
waterways. This liquid sewage, however, still con-
tains bacteria, viruses, and other harmful wasres.

Most modern sewage rreatment plants are

equipped also for secondary treatmenr, which
removes the harmful microorganisms and floating
wastes. The sewage is mixed with bacteria that break

down the wastes into harmless substances (see BAii-

TERIA). Large amounts of chlorine are rhen mixed
into the water to kill all remaining microorganisms
(see cut-oiuNl). Sometimes other chemicals, such

as ozone, are used instead (see OZONE LAYER).

Secondary treatment can be done in one of rwo
ways. The activated slr-rdge method mixes the liq-
uid sewage with a thick, brown, mudlike sludge

that contains helplul bacteria. Oxygen is pumped
into the mixture to speed the decomposition. The
mixture is then allowed to stand still, and the
sludge sinks to the bottom. The sludge can then be

reused. The water remaining on the top is clean

and can be poured into the water body.
The other method of secondary trearmenr is

called the trickling filter method. 'fhe liquid sewage

is trickled through a deep bed of gravel. The gravel
is coated with the helpful bacteria. The bacteria
break down the sewage and, by the time the water
reaches the bottom of the gravel, it is clean. It is col-
lected in pipes and poured into the water body.

/1
I,',
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Many ncw treatnrcnt plants are adcling a third
step. lr-r this step, nutrients ancl chemicals frorn the

wtr.ter are removecl. ()ften, these chemicals can

make the wlrtcr rlndrinl<ablc. Thcv can also f-crtiliz.e

the water tl-rc same way ferrilizers lertilize a lawn.
-fhey nake wlrter plants ar"rcl rrlgae grow rnuch

frrster ar-rcl morc abundantly rhan they would oth-
erwise. This abundant growth chokes off the water

body into rvl-ricl-r the wrrstc wrrtcl is poured. After
rvater has gonc throllgh thc third stcp in a trcat-

ment plant, it is Lrsually clean enough to drink.
A problcnr with n'ran1' sewage treatlnent prlants

today is that the street sewers, which drain rain and

srrorv off the strccts, flow into thc scwagc pipcs.

Most of the tinre, all the water passes through the

treatnlent plant ancl is cleaned. However, when it
rains hard for a long tinrc, thc sewer pipes can floocl.
'lb prevent the rvater in the pipes fiom backing up

into tl're streets or breakine the pipes, there is an

open scction of pipc ncar the plant. When hear'y

rains conre , the water ovcrf'lows into the wate r body
before reaching the plant. Because the sewage is

mixcd with thc sewer water, the sewage pouls into
the waterway without being cleaned. 'l'his causes

pollution. Cities are now beginning to separate the

two svstems of pipes. 'l'his prevents sewage fr-om

mixing wirh the runofffl'om the streets.

See a/so \\Asl-lr DISI']OSAI..

SEX When a scientist talks about the sex of an

organism, he or she is referring to whether the

organisn'r is male or fcmale . Gerrcrally, male organ-

isms produce sex cells called sperm. Female organ-

isms usually procl-rce sex cells called ova, or eggs

(see (lAML.'lr.). 'l'he male is generally called the

father and the female is callecl the mother.

In some species of organisms, the male and the

fcmalc differ in appearancc. These external differ-
ences are a type ol polymorphism called sexual

di morphism (see I'OI-YMORPTI ISi\4).

Some organisms produce both male and female

gametes. 'l'hese organisms are called hermaphro-

dites (see IIEI{MAPItRODI'r'L). Some organisms, such

as certain fr-urgi, have mernv "sexes," which are usu-

allv called mating types. '['he sex of an orgrrnisnr is

important for reprodr-rction (see nllnclnU(II'ION).

In sexual reproduction, a male ganrcte lertilizes
(combines with) a female gamete to procltrce an

emtrryo (see l:MBRYO; Flrl{l IllT.AI'lON). The embrvo

will cvcntuallv grorv into a Fully lormecl organisrl.
Among sonle orgirnisms, a female gamete may

clevelop into a fully fornrcd organisnr r,r,itl'rout

being fertilized. This process is called parthenogen-

esis (see I'AKI'l IIINO(;trNIlSlS).

A major advantage of sexual reprocluction is that
it allows thc procluction of new organisms that havc

some of the characteristics of botl-r parents. This is

important in cvolution (see F-\/ol.tJ l'lc)N).

Some organisn-rs reproducc ascxually, a ploccss in

which sex is not involvecl (see ,qsl.xu,\1. Rf,.l'}Rol)Lj(.-
't'toN). Asexual reproductior-r needs only one parent

to produce an offspring. All the offspring are iden-

tical to the parent.

See also (,L,NF-'l'l(lS; HF-RF-DI IY; I{hl'}lLOI)U(l'l lVl--

SYSTEN{.

SEX CHROMOSOMES -the 
sex chromo-

somes determine the sex of an animal (see (IHRO-

MOSoMF.). Normal body cells in a human being

contain 22 pairs of chromosomes and two extra

chromosomes, which arc callcd thc scx chromo-
somes. One of these is called the X chromosome

ancl the other is callecl the Y chromosome. A lemale

has two X chromosomes in her cells. \7hen sex

cells, or gametes, are being formed, a female can

produce eggs with only X chromosomes, but a male

(r.vhich has botl'r types of chromosomes) can pro-
duce sperm with either an X or a Y chromosome
(see cAMF.'t't.). When the egg and sperm join during
fertilization, they produce a zygote. This zygote can

contain either two X chromosomes, and thus pro-
duce a female, or one X chromosome and one Y

chromosome-in which cerse it will prodLrce a male

(see FF,RTILI7.Al-lON; Z-Y(;Ol'F.). All nrammals and

birds determine their sex in this manner, although
in birds the female has an X and a Y and the male

has two X chromosomes.'fhere are no genes on the

Y chromosome in humans and most other mam-
mals, but the Y chromosome is ncccssary to pro-
duce maleness.

See d/so Rt.pROI)uc'r-roN; x cHROMOSOML,; y cHRO-

N{OSO\4[.
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SEXUALLY TRANSMITTED DISEASE
A sexually transmitred clisease (S'l'D) is a disease

that is sprread Lry sexual activity, such as sexual inrer,
collrse. S I'Ds arc causecl by a varietv olbacte ria and
viruses. In some cases, an STD rcsLrlts in noticeable
symptoms, such as pain or infl:rr-nmation. In many
cases, howcver, the inlcctcd person does not realizc

that he or shc has the discase. Horvever. the Sl-D
may be causing damage to internal tissues ancl

organs (see ll;\(.'fI--.R.lA; l)l.SF.AStr; INFl.;\\1N.lA-l'lON;

Rt--l)R( ) l) Lj ( ll- l ON ; I{F.I']}tO I ) Ll ( l'l I \/ l-- SYS'I'EN,{ ; \' l l{t i.S ) .

STDs include Acqr-rirecl Inrmune I)eficiencr-
Syndrome (AIDS), chlamydia, sonorrhea, herpes

simplex type two, and syphilis (see Alt)s; (;oNon-
RHF.A; Ht..RI,I:S; SYI)HIt.tS). STDs have increased in the

United States since thc 1950s. Chlarrydia is rl're
most widespread STD in rhc United Srates. Men
rvho have cl'rlamydia nray cxpcricncc a discharge

from the ;rcnis and a burning sensarion while uri-
nating. \(/omen rvho have chlamydia mav expcri-
ence an unusual vaginal discharge and may develop

inflammmtion in the rcproducrive organs. Babics

born to infected women may be infected thenrselves.

Some S'l'Ds, such as chlamydia, gonorrhea, and the

carly stages of syphilis, can be cured with antibiotics
and other drugs (see AN l lBIo't't(-; I)RU(t). Orher dis-

eases, such as AIDS and herpes simplex rypc rwo,
have no knorvn cure. If left untreated, n'rany STDs
can cause permanent darnage or evcn death. In acldi-

tion, an infected person conrinues spreading the
STD for as long as the bactcria or virus is active. This
is why it is important thar anyone who thinks he or
she may be infected with an S'fD be exanrined by a
doctor as soolr as possible .

SHAD A shad is a fish that belongs ro rhe herring
family, Clupeidae. There are several species of shad

in North America. They generally range from
about 10 to 18 tn. 125.4 to 45 crr-rl in length. All
shad are silvery fish. Their bodies are vcry thin fronr
side to side. Most shad live in the ocean but return
to freshwater streams ro spawn in the spring (see

SPA\flNING). Some species of shad live in rivers and

lakes their entire lives without going to the sea.

These shad do not grow as large as thosc species

rhat do go to sea.

'l'he bcst-knorvn shad is the Amcrican shrrd. Ir
sper-rcls irs adult life in the Atlantic C)ccan ancl

enters corrstal rivepc-ftcrtt'r Floricla to Nerv
Ilrunswick, Canada-to spawn. The Anrclic.rn
shad is a large frsh, somctinres re:rching 23 in. [5t3.4
cm] in length. It is a popr-rlar garnc frsh on rl-rc east

coast of thc United Statcs, lvhe re it is also a popu-
Iar fbod fish.

SHALE Shale is a very frne-grainccl seclirlcnrrrrl
rock (see SF.DIN4I:N 1,.\RY R(X.K). It fornts lvhcn lavers

of silt and clay rlre cementecl together' (see t.t.,,\\';

SIl.l). Shirle accounts fbr abor.rt half of rhe exposccl

seclimentary rock on the earth's surflcc. It is n-rade

of laycrs of rock thar split easilr,. Some n'pcs of shale

are grouncl up to make bricks irnd cemcnr. C)ther

tvpes of shale are rich in petroleum.
See n /so I'F.-I'RO t.l:1, N,l.

SHAIE
Shale is a type of sedimentary rock made up of layers that
easily split apart.

SHALLOT A shallot is a perennial herbaceous

plant closely related to the onion. lt is con'rmonlv
considered to bclong to the lill' familv, although

sclmc botanists norv put the onions and thcir rela-

tives in a separate lanrilv called the Alliaccae (see

HL,Rll/\(.F.OLJS I'LAN l'; l.ll.\' IrA\1lt.Y; I,LRI-NNIAI.

PI.ANT). The shallot has smallleaves, which are uslr-

ally tube-shaped. Its flowers are recl or purple ancl

grow in umbels on a 10 in. [25 cm] stalk (sce

i

I

I

I
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SHAI-LOT

Shallots are members of the lily family. They produce
flavorful bulbs that are similar to, but smaller than, those of
their close relative, the onion.

tNtt-ORI.SCt.Nttt.). 'l'he shallot produces a bulb that
is srnaller than that of the onion (see euLg aNo
(loRNl; ONION). As with the onion, the shallot bulb
is often used in cooking as a flavoring.

SHARK A shark is a saltwater fish that belongs to

the class Chondrichthyes (see rtsri). The skeleton

of a shark is rnade up of cartilage rather than bone.
'I'here are abou.t 350 species of sharks throughout
the world's oceans. Many species are found in the

we(ers off North America.

The dogfish shark grows less than 3.3 ft. [l m]

long. lt eats small fish and invertebrates (see tNvEn-

TF.BRATE). The whale shark-the largest of all
fish-can reach about 50 ft. [15 m] in length. It
eats mainly plankton (see I,t.ANKTON). Many sharks

SHARK

Sharks vary widely in shape from (ij it runrtrul sawshark to
(2) the cat shark. All sharks share the characteristic of having
a skeleton made of cartilage rather than bone.

grow several feet long and eat large fish. These

sharks have many razor-sharp teeth. Sharks are

often referred to as the "garbage collectors of the

seas" because they feed on dead fish and other dead

animals on the ocean bottom. Bottles, cans, tires,

and boards are also sometimes found in the stom-

achs ofsharks.
A few species of sharks can be dangerous to

humans. The white shark, tiger shark, hammer-
head shark, and blue shark are all known to have

attacked swimmers. However, shark attacks cause

relatively few deaths. Most sharks swim away from
humans.

See a/so RA.Y; SCAVENGER.

ATER

The shearwater is a gull-
like seabird that spends its
time at sea except in the
breeding season.

SHEAR\U(ATER A shearwarer is a seabird that
belongs to the family Procellariidae. A shearwater

looks like a seagull (see GULL). It has long, narrow
wings; dark feathers on its back; and light feathers

on its belly. A number of species of shearwaters are

found off the coasts of North America.



Shearwaters come ashore only to lay their eggs.

They may fly very long distances ro reach their
breeding grounds. For the rest of the time shearwa-

ters live out on the sea, often far from land. They
eat fish and squid, which they scoop up from the
water while they are flying.
See also MIGRATION.

SHEEP Sheep are hoofcd mammals belonging to
the same family as cattle and goats (see MAMMAL).

Sheep probably were first domesticated in south-
west Asia more than ten thousand years ago. Today,

sheep are one of the commonest of domesticated

animals.

Several wild species, such as the argali, urial, and
mouflon, are related to domesticated sheep. The
argali, which lives in the mountains of central Asia,

is the largest of all the wild sheep. The male may

stand 4 ft.ll.2 m] tall at the shoulder. The mouflon
is the onlywild sheep still living in southern Europe.

Domesticated sheep have been slowly and care-

fully bred (see BREEDINc). At first, the wild sheep

were tamed for their hides and milk. Soon after-
ward, they became important for their fleece
(wool). Through breeding, the coarse hair that cov-
ered the wild sheep was developed into a soft coar

of wool. Only in the last rwo hundred years have

breeders bred some sheep primarily for their meat.

Domestic sheep vary greatly in size. From the hoof
to the shoulder, sheep range from about 2.5 to 4 ft.
[0.8 to 1.2 m) in height. They weigh from 100 to

SHEEP

Sheep leaving the shearing
shed on this Australian
sheep station are herded
together before being let
outto graze. Sheep are
raised for their milk, wool,
meat, and hides.

350 lb. 145 to 158 kgJ. Sheep fleece can be white,
gray, brown, or black. The animals live together in
flocks. Sheep are timid animals, usually running
away from danger. Both male and female wild
sheep have horns for protection, but not all domes-

ticated sheep have horns. In some breeds of domes-
ticated sheep, only the males, called rams, have

horns. Female sheep, called ewes, usually bear one

or two babies, called lambs, in the spring.

Sheep feed on grass and other small plants. They
are cud chewers. This means that a sheep swallows

its food and stores it in a division of the stomach

called the rumen. The food is partially digested in
the rumen and then passed back into the mouth.
The sheep then finishes chewing this food, called

cud, and swallows it (see RUMINANT).

Sheep are classified into groups depending on
their fleece. The three main groups are long wool,
medium wool, and fine wool.

Three of the most important long-wooled breeds

come from England. They are the Lincoln,
Leicester, and Cotswold. Lincoln sheep are popular
on ranges in various parts of the world, including
Australia, Argentina, and the western United
States. This breed is among the largest of domestic

sheep. They produce the longest fleece.

Medium-wooled sheep are raised primarily for the

meat they produce, but they are also a source of
wool. The most important breeds are the Hampshire

Down, Shropshire, Southdown, and Suffolk.

Most of the fine-wooled sheep belong to the
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SHEEP-Varieties
There are many kinds of
wild and domestic sheep.
Shown here are (1) the
Dalesbred, which produces
coarse woolfor making
tweeds and carpets, (2) the
urial, a wild sheep from
Asia, seen scratching itself
with its horn, (3)the
Barbary sheep, whose
males have a mane atthe
throat, and (4) the
Mongolian, a fat-tailed
sheep from China.

Spanish Merino breed. The Rambouillet, which is

also a fine-wool breed, is descended from the
Spanish Merino. These two are now the chief wool
breeds of the western United States. The Merino
also is an important wool breed in the sheep-raising

regions of Argentina, Uruguay, South Africa, and

Australia. -fhe Rambouillet breed, besides being

valued for its wool, is also prized for its meat.

There are two very different ways of raising
sheep in the United States. One way is on the
range. Sheep are grouped into large herds ofone to

two thousand. 'I-he sheep eat grass in the pasture,

and a large herd may move over long distances dur-
ir-rg the grazing season. The other way of raising

sheep is on farms. A farmer raises between thirty
and a few hundred sheep. '1-he sheep are kept in
fenced pastures. in the winter, the animals are fed

grain and hay.

Besides their importance for food and clothing,
sheep also supply lcather. In addition, the sl-reep's

body provides the raw materials for glue, suet, soap,

and fertilizer.

SHELL A shell is the hard ourer covering of an

egg or animal. The word shel/is most often used in
connection with snails and other mollusks (see

MOLLUSCA).

The mollusk shell is formed by the animal's
mantle . The mantle is a thick flap of skin sr-rr-

rounding most ol the animal's body. Cells in the

mantle secrete (give off) calcium carbonate and

other materials that make up the shell. Most of the

material is secreted at the edge of the mantle . As the

animal grows, the marntle edge keeps adding more

material to the edge of the shell. As a result, growth
lines can clearly be seen on many shells.

There are three main shell layers. The outer layer,

the periostracum, consists of a horny material called

conchiolin. Periostracum is responsible lor nearly all

the color of tl-rc shcll. Howcvcr, scashclls wershed up
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lllustrated above is a selection of mollusk shells. Land, sea,
and freshwater mollusks are the most comm0n shelled
a nimals.

on thc shorc have r-rsually lost rnost of the perios-

tracum, so they often look dull and have little color.

Under the periostracum is the prismaric layer. 'l-his

layer is nradc up of columns ol calcium carlronate

arrarnged at right anglcs to the surface of the shell.
'I-hcse columns :rre separatecl frorn each other by
narrow columns of conchiolin. The innermost layer

of the shell is called the nacreous layer. It is rnade of
thin plates of calciu.n'r carbonate alternnrting with
thin plates of conchiolin. Thc rnaterial is very

; jr .r': I .t- -: 1

smooth and shin,v. It is commonly callcd mothcr-of-

pearl. While the periostracum and the prismatic
layer are usually fbrmed only by the mantle edge,

the nmcreous layer is secreted by the entire mantle.

People use shells in many diffbrent ways. Jewelry
and other decor:rtive iterns are made fron"r shells.

Oyster farmers spread dead oyster shells over the

floor of the ocean to provicle places for newly
hatched oysters to attacl'r thenrsclves. Oyster shells

arc sonrctimcs uscd lor building roads, especiallf in

the Bennuda Islancls. Shells have often been trsed

for moncy throughout history.

SHELLAC Shellac is a resin made from rhe secre-

rior-rs of the lac insect (see nsstx). These insects are

found in India ancl Myanmar (formerly Rurrra).
Thcy givc out a stick,v, gllmmy substance as they

fbed on the sap from trees (see SCAI.E INSF.CIT). This

substance is called lac.

To rnakc commercial shellac. natural lac is
scraped fl-on-r the trees, washed, melted, and then

filtered to remove bits of twig ancl bark. J'he lac

flakes are yellow, orange, or reddish but can be

bleached white. Chemically, shellac is a natural

polyrncr (scc I't)l)'N1F.R).

Shellac is usecl in making many products, such as

sealing u,irx ancl hair spray. It was once used, along

witl'r finc clav, to nrold phonograph records.
Alcohol solutions of shellac, which are also called

shellac, are used as varnish fcrr sealing and finishing

wooden furniture and flooring.

See a/so I.At.QLlf.R; \''ARNISH.

SHEPARD, ALAN 8., JR. (re23- ) Alan

Shepard was America's first astronallt in space.

Shepard made this first spaceflight abo:rrd the

Freedom 7 on May 5, 1961. Ten years later, in
1971, he commanded the Apollo l4 mission to

the moon.
Shepard was born at East Derry, New

Hampshire. He graduated from the Unitecl States

Naval Academy in 1944 and latcr became a n:rval

test pilot. He hacl a distinguished career in thc U.S.

Navy and was a lieutenant commander in the

Atlantic Fleet when he was chosen for spacc sen'ice.

See n/so APOt.l.O I']ROIF-(l'l-; SPA(.t- L.XI)LOR.,{l I()N.
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SHIPS AI\D SHIPBUILDING

Tho.,sa,lds of years ago, people learned the bene-

fits of carrying themselves and their goods from
one place to another by water. Humans developed

ships to do this. Early ships were propelled (pushed

forward) by oars or sails. Today, most ships are

powered by diesel engines or steam turbines that

turn propellers. Some warships are powered by

nuclear power or gas turbines.

The main classes of ships today are passenger

ships; freighters, or cargo ships; container ships;

tankers fbr bulk liquids; fish-processing ships; and

warships and patrol ships.

Up until the first half of the twentieth century

passenger liners carried people across the oceans of

DEVELOPMENT OF SHIPS

Early boats and ships, from the Egyptian rulf r nouiiJ if't tutt
clipper ships, were powered by sail. Some, like the trireme
and Viking longship, had oars. Steam began to replace sails
with the Great Britain. Turbinia was the first ship with steam
turbine engines. Steamships reached their peak with fast
ocean liners. such as lhe United States.

G a lleon
Eng la nd
16th century

$

Clipper
U.S.A./
Eng la nd
1 850s

United States, U.S.A. 1952

Great Britain, England 1845

Turbinia, England 1 897

."',I
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the world, but today most people travel over rhe

oceans in airplanes. However, passenger ships such

as car ferries, hovercrafts, and hydrofoils are still
widely used to carry peoplc for relatively short dis-
tances over water. The larger car ferries cross

bodies of water such as the Adriatic and Baltic Seas

and the English Channel. The largest ferries carry

up to 800 passengers ancl 300 cars. Those that
make overnight crossings have cabins for passen-

gers to slcep in.

Cargo ships are the workhorses of the sea.
'fhere are four rnain groups: general cargo ships,

SUPERTANKER

The Fsso Atlantic (right) is a

supertanker that is 1,332 ft.
[a06 m] long-as long as
four football fields. lts
steam turbine power plant
is as tall as a 16-story
building.

tankers, dry bulk carriers, and multipurpose
ships. Freighters carry from 1,000 to 13,000 tons

[900 to I 1 ,700 metric tons] of cargo in comparr-
ments called holds. Container ships carry large
metal containers (rectangular boxes) filled with
freight. The containers are stacked on rhe decks of
these specially built ships.

Tankers carry oil, chemicals, and other liquids.
\When loaded, they float very low in the water. The
huge new supertankers carry up to 405,000 tons

[450,000 metric tons] of oil. Supertankers can be

over 1,500 ft. 1457 ml long.

TRIMARAN
A trimaran has three hulls
side by side. This trimaran
(left), used as a ferry, can
carry 432 passengers and 90
automobiles at a speed of 37
knots (42.6 m.p.h./68.5 kph).

DESTROYER

A modern destroyer is a

multiweapon system. This
destroyer (right) has two
helicopters, surfa ce-to-
surface missiles, and
automatic guns.

t723



SHIPS AND SHIPBUILDING

Oceanographic research ships carry eqr-ripment

and scientists who look for new mineral deposits

under the sea and try to learn more about ocean cur-

rents and marine lifc (see OcF,ANO(lR{luv). Fish-

processing ships are large ships that serve as "mother

ships" to large fishing fleets. Smaller ships bring
their catches to the "mother ship" for proccssing

and storage. Warships include aircraft carriers,

cruisers, destroyers, submarines, and support ships.

Most nations with borders on a sea have fleets ol
warships, as well as smaller coastal patrol ships.

Parts of a ship A ship is one of the most com-

plicated objects rnade by humans. It must create its

own electricity and heat. It carries its own fuel,
fbod, water, and spare parts. The parts of a ship

include the hull and superstructure, engine, pro-
pellers, and rudder.

The hull is the watertight body of the ship. It is
made up of a hear,y keel, or backbone; steel ribs,

or frames; and large steel outer plates that are

connected by rivets or wclding. Br.rlkheads, or
walls, divide the hull into compartments. L,ach

Radar

,- Restaurant

PEACE AND \TAR
A modern cruise liner (above)is fully equipped for
passengers to have a luxury vacation at sea. An aircraft
carrier (below) is a fighting ship designed t0 carry, launch,
and recover aircraft. Pictured here is the World War ll U.S
carrier Yorktor,rzn, which was built in 1937.

Flight deck

\ Antiaircraft
gu ns

Lif eboat

Antiaircraft guns

Swimming pool

Bridqe
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Crew's quarters
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SHIPS AND SHIPBUILDING

compartment has watertight doors so it can be shut

off from the next compartment in crrse of emer-

gencv. Each cornpartnent is divided into several

decks, or levels. The top of the hull is usually called

the main deck. Everything above the main deck is

refbrred to as the superstructure.

Ships float because they weigh less than the water

they displace (push aside). However, ships must do

more than float. 'l'hey must also speed through the

water. A ship's hull has a pointed bow (front part)

that pushes water aside, just as a snowplow pushes

snow from its path.

Ships roll from sicle to side and pitch up and

down, from bow to stern (back part), in large ocean

waves. Special underwater stabilizing fins lessen

these motions. Most ships irre driven by diesel or
steam turbine engines. Diesel cngines cost less to

operate than stearm engines, but diesel-powered

ships are generally slowcr than steam-powered
ships. In steam turbines, steam from a boiler spins

a turbine that drives the propeller. On nuclear-

powered ships, thc nuclear reactor heats w,rter into
steam, and the steam spins a turbine. Engineers are

working on clesigns for gas turbines for ships of the

future (see tltEspt-; F-N(llNF.; CAS TURBINL; NLICLbAR

F,NERGY; STIIAM LN(llNL-; l.URIllNI-.).

Propellers, which are attachecl to the engine,

move a ship through thc water. They are attached

to long shafts that jut out from the unde rwate r por-
tion of the stern (see PRoPLLL|R).

The rudder is a large stecl structure hinged to the

stern of the ship. It turns the ship, allowing the

pilot to steer. Cables, electric wires, or hydraulic
tubes connect the rudder with the ship's steering

wheel in the pilot house, or bridge, of the ship (see

HYI)RAUI.ICS). Ships can also be steered auromari-

cally by a device called a gvropilot. If the ship strays

from its intended course, a gyrocompass starts an

electric motor that turns the steering wheel and

moves the ship back on cou.rse (see (}YROScIOPL,).

Shipbuilding Shipbuilding begins with thc
design and building plans for the ship. The design

is worked out by naval architects to agree with a

general dcscription given by the person wl-ro is buy-
ing the ship. Hull n-roclels are tested in towing

12n[5-1y2ter-filled troughs that simulate wave

conditions in the ocean. Next, the steel parts of the

ship are cut to the required shape by automaric
burning machines. The varior-rs pieces are then
brought to a welding shop where flat plates and

shapes are assembled, often using automatic weld-
ing machines.

In the shipyard these are used to make up huge

prefabricated sections of the ship, sometimes com-

plete with wiring and piping. The sections are placed

using a crane into a framework called a shipway,

where they are welded together to form the ship's

hull. After the hull is built, parts of the superstruc-

ture are added. The ship is launched, or slid into the

water, when it is arbout 70 to 80 percent complete.

Once in the water, it is pulled to an outfitting dock

where thc superstructure is completed. Before the

ship is delivered to its owner, it undergoes tests to

make sure that all equipment is in good working
order and that the ship performs as it should.
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Yawing <
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SHIP MOVEMENTS

There are many ways in which the hull of a ship can move in
the water, some of which are shown here.

I
V

V

w

%
dh
#h
tr&
ffiffi

W.e
Swayinq

Pitc h in g

€



oH

SHOCK Shock is a serious condition in which
the major organs of the body do not receive enough

blood. Shock may be produced by allergic reac-

tions, serious injuries, or serious infections (see

ALLERGY; INFECTION). A person who is in shock has

pale, cold, clammy skin and shallow, irregular
breathing. He or she also has a weak, rapid pulse

and low blood pressure. The person feels weak and

may become unconscious. After a serious accident,

it may be shock that causes death rather than injury
from the accident itself.

The reactions that occur due to shock result
from problems with the circulatory system (see CIR-

CULAIORY SYSTEM). Blood vessels dilate (widen),

and fluid passes out of the blood into the tissues.

Because of this, there is a drop in blood pressure

and volume. Shock needs immediate expert med-

ical attention. Useful first aid measures include
keeping the patient lying down and warm, stop-

ping any bleeding, and giving artificial respiration

if breathing stops.

See also FIRST AID.

SHOCK S(AVE A shock wave is a wave of high
pressure that forms in gas or liquid as an object

moves through it at high speed, or as the gas or liq-
uid flows around the object. Shock waves are also

known as pressure waves. For a shock wave to form,
the movement of the object or of the fluid (gas or
liquid) must be as fast or faster than the speed of
sound. The shock waves move away from the
object at the speed ofsound.

A shock wave is made in the air when a

supersonic airplane flies overhead at the speed of
sound or faster. Vhen the wave reaches the
ground, a sonic boom is heard as the wave strikes

the ears.

See also SUPERSONIC r.LlcHl'.

SHOCK\TA\'E
fhe Concorde (below) is an aiiplane tnat can tty at supersoruc
speeds (faster than the speed of sound). When a plane flies at
subsonic speeds (1), sound waves (shown as circles) travel at
the speed of sound and move out in front of the plane. A plane
flying at the speed of sound causes sound waves t0 build up,
forming a shock wave. When a plane flies at supersonic
speeds (2), it leaves the shock wave behind. When the shock
wave hits the ground, it creates a sonic boom.



Shrews are small, short-lived animals that resemble mice
(although they are not rodents). Pictured here are (1) a pygmy
white-toothed shrew, (2) a common shrew, and (3) a water
shrew.

SHRE\ilf/ Shrews are small mammals that belong

to the family Soricidae (see val,1ir,Iar-). There are

about three hundred species of shrews, found all

over the world except in Australia. These mouselike

animals have small eyes and ears. They have a long,

slender snout that extends over the lower lip. The
teeth of many shrews have red tips.

Most species live in grassy or wooded areas,

though some live in trees, and a few spend most of
their time in water. Most of these animals alternate

three hours of activity with three hours of sleep.

This cycle continues day and night. When awake,

shrews eat almost all the time. Their diet is made

up of small invertebrates, such as insects and
worms, and plants. Some shrews eat more than

SHR

their own weight in food every day. \Tithout food,

shrews starve to death in a few hours.

Many shrews, such as the musk shrews, have

glands that give off a fluid with a ve ry strong odor.

These scents protect the shrew discouraging attack

by other animals.

Shrews are sensitive animals and may be killed by

the shock of rough handling or loud noises. Their
natural enemies include several birds of prey and

snakes. Shrews usually live alone, coming together

only for mating. After mating and a gestation
period of about rwenty days, a female gives birth to

a litter of two to ten blind, hairless young (see GES-

TATION PERIOD). The average life span of a shrew is

less than two years.

The pygmy white-toothed shrew is one of the

smallest living mammals. It is about 1.5 in. 13.5

cml long and weighs only about 0.07 oz. [2 g]. It
lives in southern Europe.

SHRIKE A shrike is a bird that belongs to the fam-

ily Laniidae. North American shrikes are gray and

white with a dark tail, wings, and "mask" over their
eyes. There are two species in North America. The
northern shrike is found in Canada and the north-
ern United States as well as in Europe, Asia, and

Africa. It reaches 8 in. [20 cm] in length. The log-

gerhead shrike lives in Mexico, the United States,

and southern Canada. It grows to 7 in. ll7.5 cm)

long. Shrikes eat insects and small rodents, which
they catch and kill with their sharp, hooked beaks.

They often stick their prey on long thorns of trees or
on barbs of barbed-wire fences. Then they pick off
small pieces of the prey and eat it bit by bit. Shrikes

are sometimes called butcher birds in England.

SHRIMP The shrimp is a crustacean and belongs

to the phylum Arthropoda (see ARTHRoPoDA;

CRUSTACEAN). It is related to the crab, crayfish, and

lobster. However, the shrimp does not have large

claws and is much smaller than the lobster.

Shrimp have long feelers and five pairs of delicate

legs. To escape quickly, the animals swim backward

with fast strokes of their fanlike tails. Strong mus-

cles in the back move the tail. These muscles make

the animal's back look "humped," or arched. The
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SHRIMP

shrimp's body is covered by a thin, translucent
(clear) cxoskcleton (see SKLLL,'I'oN). This exoskelc-

ton is jointed, which allows the animal ro move eas-

ily. As the shrimp grows, it forms a new exoskele-

ton and sheds the old one (see ltcttltNc). Some

shrimp grow to bc 9 in. 122 cml long. Shrimp live

mainly on the seabed and leed on tiny ocean life,

including plankton (scc PLANI(TON).

There are about two thousand species of shrimp.
The common American shrimp is found in coastal

waters of thc Atlantic Ocean. This species mey

grow as long as 7 in. I I B cnil. Thc common shrimp
spawns early in spring (see SI,A\(NtNu). 'l'he female

lays from about 500,000 to 1,000,000 eggs directly
into the water. The eggs drop to the sea bottom and

A cleaner shrimp (above) serves a useful purpose by
cleaning fish that have parasites or injuries. The brightly
colored mantis shrimp (left) preys on fish and shellfish, which
it attacks by shooting 0ut its l0ng front legs.

hatch in about twenty-four hours. Most other
shrimp species carry their eggs attached to their
abdomens. Shrimp go through ten larval (develop-

mental) stages before they reach adulthood (see

LARVA; M[,TA]v{ORPHOSIS ).

T'he shrimping industry is one of the most valu-

able fishing industries in the United States. Shrimp
arc fishcd from Alaska and Maine southward along

the coasts as far as Argenrina.

SHRUB A shrub is a woody plant with several

stems, all of which are about the same size (see

\(/OODY PLANT). Most shrubs are less than 10 ft. [3
m] tall. Under the proper conditions, however,

some shrubs, such as lilac, may grow as tall as a

small tree. A bush is any woody plant with many

densely packed branches. It may be a true shrub or
a tree that has been cut down and trimmed to
shape. Shrubs and bushes are often used to land-
scape yards and parks.

SHRUB

Shrubs are often planted in
parks and gardens for their
attractive and sometimes
scented flowers. Pictured
here are lilac (on the left)
and viburnum (right).


