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SIL

SICKLE CELL ANEMIA (sik'al sel

a n€' rne a) Sickle cell anemia is a genetic (inher-
ited) disease that affects the red blood cells (see

BLOOT)). A person with sickle cell anemia pro-
duces an abnorrnal type of hemoglobin called
HbS. Hemoglobin is the oxygen-carrying chemi-
cal in the red blood cells (sec HEMOcr.oBrN). This
abnormal hemoglobin causes the red blood cells

to take on a sickle shape, like a crescenr, rarther

than the normal round shape. That is why rhe dis-
ease is called sickle cell :rnemia.

Sickle cell anemia is caused by recessive genes.

Therefore, the disease affects only people who are

homozygous, or pure, for the HbS trait (see

Clf.NE; HERtt)t'rY). This means rhat both parents
must pass on the recessive gene ro their child. In
order to do this, both parenrs musr either be car-
riers of the sickle cell trait or have sickle cell ane-

mia themselves. Usually, a carrier has one gene
lor HbS and one gene lor HbA, which is normal
hemoglobin.

Sickle cell anemia rnainly alFects African-
Americans. An affected person may show no
symptoms until the onset of a sickle cell crisis. A
sickle cell crisis is brought on by a deficiency, or
lack, of oxygen. -I'his 

deficiency may be car-rsed by
intense exercise, emotional upset, or other factors.
In a crisis, the HbS lorms bundles inside the red

blood cells. This causes the cells to become hard-
ened and stretched into a sickle shape. In this con-
dition, the red blood cells get stuck in the body's

capillaries (tiny blood vessels), and cause great
pain. Frequently, the red blood cells even break
apart. A person who has had several crises may be

anemic because so many of his or her red blood
cells have been destroyed (see ANEMIA). In addi-
tion, he or she may have organ damage car-rsed by
blocked circulation. A person in crisis can be

treated with high-pressure oxygen and with drugs
to relieve the pain. A severe crisis, however, may
cause death.

Carriers of the sickle cell trait are more resisranr

to malaria than are people with normal hemoglo-
bin (see N,'IALARIA). For this reason, the number of
carriers is greatest in areas of the world where
malaria affects many people. One such area is in

Africa, near the equator. Most carriers never show
any sign oFsickle cell anemia.

Researchers are studying new drugs that mary be

able to prevent thc red blood cells from sickling
dr-rring a crisis. Some chemicals have been shown
to return sickled cells to their normal shape.
However, these chemicals have dangerous side

effects. Therefore, researchers are still seeking a

safe treatment lor the disease. One possible cure
for the disease is a bone marrow transplant, in
which the marrow from a suitable donor is placed
inside the bone marrow of the person with the dis-
ease (see BONL, MARROW; TRANSI,I.ANTATION). 

-I'he

new bone marrow then starts to produce normal
blood cells, which reduces the number of sickle
cells in the bloodstream. This transplant only
works if the donor is closely related (a brother or
sister) and does not have the disease.

See also cENEl'rcs.

SIDEWINDERn sidewinder is a species of rat-
tlesnake (see nettt.nsNAKE). Sidewinders live in the

deserts of North America. A sidewinder may reach

30 in. 175 cml long. It feeds on lizards and small
mammals. Most of its hunting is done at night,
when the desert is cooler. The snake is able to find
the animals by smell.

The sidewinder was named for the way it crawls

in the sand. This snake crawls by making a series of
loops with its body and twisting sideways through
the sand. It leaves a trail of flat S-shaped loops.

See a/so SNAKI-..

SIDEWINDER
The sidewinder (above), a North American rattlesnake, was
named for the way it crawls in the sand. The sidewinder
feeds on lizards and small mammals.

SILICA (sil'i ka) Silica is the most plentiful and
widespread substance in the earrh's crusr. Irs
chemical name is silicon dioxide (SiOr). Almost
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(r0 percer-rt of the earth's crust is made of silica- It
is also the main n-raterial in about 95 percent of all

known rocks.

There are three main vmrieties of silica: quartz,

tridymite, and cristobalite. Quartz is by lar the

most cotrlnron varietv of silica. Quartz lorms the

bulk of sands on E:rrth (see clunnl'Z; SAND)'

Tridvmite and cristobalite are varietics of silica

found mainlv in rocks of volcanic origin (see

\/oL(-ANO).

Silica is important in the formation of most crys-

talline rocks (see RocK). The gemstones agate,

amethyst, jasper, onlx, and opal, for example, con-

tain silica. The shells of manv microscopic organ-

isms are made of silica. Silica also gives strength and

hardiness to plant stalks and bird feathers.

See also SILICON.

SILICON (sil'i kan) Silicon (Si) is an element

that has some metallic and some nonmetallic

properties. It is one of the metalloids (see ut-1,-

MI-.NT). After oxygen, silicon is the most abundant

element in the earth's crust. It is lound in all ordi-

nary rocks except limestone. It is a verv reactivc

element and is not found in nature as a free ele-

ment. It alwarys occurs in compounds (see tlt-lM-

POUND). With oxyge n, silicon forms the

compound silicon dioxide, more usuallv known as

silica (see SILICA).

Silicon can be made by heating sand and coke in

SILICA

Sand is a common form of
silica. Sand is excavated on
a large scale for use in
making mortar and
c on c rete.

t.

i;

an electric furnace (see tltlKF.; SANI)). Pure crvs-

talline silicon is a semiconductor, which is used

to make transistors, solar cells, chips, and other

electronic components (see tiHIP; SElr{IC]()NDLJ(.-

lon). Silicon is an important ingredient of many

alloys, including some tyPes of cast iron (see

ALL()Y; (IASI' IRON).

\Zith carbon, silicon combines to form silicon

carbide, or carborundum. It is one of the hardest

materials known and is also very heat resistant.

(larborundum is used as an abrasive and for the lin-

ings for high-ternperature furnaces (sec AURASIVI;

CARBON).

Silicon forms an important group of compounds

called silicates. They are salts of silicic acid, which

have the formula H4SiO4 or H,SiO., (see sat;ls).

Sodium silicate, also called water glass, is used For

preserving eggs, stopping wood fron-r decaying, and

making wood and paper nonflammable (not easily

set on fire). It is also used in soaps' in the dveing

industry, and as an adhesive. The very absorbent

material called silica gel is made from sodir-rm sili-

cate. It is used as a drying agent. Small packets of
dry silica gel are often put into camera cases to take

away moisture. Silicon and oxygen can be com-

bined with carbon to form silicones (see SILICONU).

Silicones have very useful properties, such as hard-

ness and heat resistance.

Silicon has the atomic number 14. Its relative

atomic mass is 28.086. It melts at 2,570"F

1734
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SILICON

Pure crystalline silicon is a semiconductor. tt is made into
silicon chips, which are used in microprocessors and other
computer circuits.

I I ,41 0'C] and boils ir 4,582"F 12,548"C). It has a

valence ctl 4 in nrost of its compouncis (sec

\/ALI-.NC[). ln sorne of its chemical properties it
resembles carbon. It was discovered in 1823 bv the
Swedish chernist Jiins Berzelius.

See rrlso lil R,/t I It \, lt'l\\ l.\K( )l{.

SILICONE (sil'i kon') Siliconcs are synrheric
(human-n-rade) compounds containing silicon and

oxygen atoms groupecl together in chains. Silicones

are polymers (see l,otYt\4tlIr.). 'l'he silicon-oxygen
chains are "fleshecl out" with organic (carbon-
containing) chemical groups atterched ro rhe chains

as branches. l-he propertics of clifferent silicones

depend upon the length of rhe silicon-oxvgen mol-
ecules, how they arc Iinkecl together, :rnd what
other chemical grotrps are presenr.

Silicones can bc made into oils, resins, ancl rub-
bers (see RL,SIN; RUuBt--R.). They have a hieh resis-

tance to heat irnd moisture. 'l-he oils ancl resins rnay

bc painted on sur{aces. They clry our ro forrn heat-
and water-resistant coatings. Kitchenware may be

coated witl'r silicones to make nonsticl< surfaces for
cooking without oil. Silicone fluicls and greases are

ruseful as lubricants lor machine ry thar n'rust

withstand high temperarures. Silicones were first
manufactured in rhc 1950s. 'l'hey are no'uv usecl in
hundreds of branches of industry.

SILKWORM MOTH't-he silkworrn moth is

an insect whosc larva spins a large anrount clf strong
silk while rnaking its cocoon (see BLI''t'F.t{t,t.y ANI)

Mt)'ftl; (lO(looN; I.ARVA). Silkwornr morh larvae
(plural of larua) are callec{ caterpillars (see c.elnn-
PII-t.AR). The catcrpillars produce silk in special

glands that open near thc nlourh. The silk is liquid
at first. However, thc silk soon hardens into a fine,
threadlike filamcnt. Mosr commercial silk comes

fr-onr caterpillars of the genus Bombyx. 'l'hcse cater-

pillars wrap themselves in a cocoorl rnade olrsilk. It
is in these cocoons that the caterpillars clevelop ir"rto

pLrpae (plural of pupa) (see ML-'t)\N{ORI,HoSIS; I,UI)A).
'l'he Chinese silk rnoth is the insect mosr fre-

quentlv cultivated For its silk. Its cocoon mav con-
tait'r as much as 3,300 ft. [1,000 m] of conrinuolls
silk thread. 'l'he larva rhat produces this cocoon is

creanr and about 3 in. f/.J cm] long. It hers a tiny
horn near its rear end. 'l-he larva usuallv feeds on

mulberry lcaves but merv also eat the leaves of let-
tuce and other plants. 'l-he adult rnoth is creanry

white, witl'r a hairv bodv ancl a wingspan ol abour
2 in. 15 cm]. The fcmale lives for only rwo or rhree

days. f)uring this tirne, shc may lav as many as five
hundred eggs. The aclult moths cannot fly.

SILL A sill is a tabular (flat-surfaced) boci1, of
igneous rock lormed within thc earth's crust (see

F.AR'IH; ICNITOLIS ROCK). A sill is crearecl when
molterr (rnelted) rock material is forcecl into cracks

in the existing rock. -l'he molten rock spreads out
in large sheets parallel ro rhe layers olsurrounding
rock.

Sills usuallv are horizontal. A similar formation is
a dike, which i5 ys11i6al-that is, perpendicular to
the existing rock (see I)tKr:). Sills mav be up ro sev-

eral miles long. The thickness of sills ranges from
an inch to hr-urdreds of feet.

SILLIMAN, BENJAMIN, JR. (l B I 6-1885)
Benjarnin Silliman was a chemist whose work helpecl

begin the petrolcum industry (see l,F-'t'Rot.t;LrM). He
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cliscoverecl hor.r, to scparrrte pctroleum into differ-
ent srades. He also showed how dilferent grades of
petroleum could be used, sorne fbr lightine ancl

sonrc For lrrbric:rrion.

Sillirnan was born in New Haven, Connecticut.
Hc rvas a plolessor at tl-re Universiry of Louisville in

Kentucky (1849-1854) and spcnt thc remainder of
his career as at'r educator in the Sheffield Scientific
School of Yale Universit], in Connecricut.
Silliman's fathe r-Ren jamin Sillirnan, Sr.

0779-1864)-was also a chemist and a geologist.

He foundecl rhe Arnerican Journal of Science. His
son became coeditor of this iournal. The mineral
sillirnanite w,rs nanred in honor of the scnior
Beniamin Silliman.

SILT Silt is one of the rhree nrain kinds of parti-
cles founcl in soil (see Soll.). Silt particles are

benveen 0.0015 and 0.0025 in. [0.038 mm and

0.064 mm] in diameter.

Silt is finer than grains of sand, but coarser than

particlcs olclay, the othcr kinds of particles founc{

in soil (see c;t.Rv; snNn). Silt
lakes, and oceans and also

when rivers flood. Soils th:rt

of silt are generally fertile.

is cleposited in rivers,

spreads over the land
include large amounts

SILURIAN PERIOD (silo-or'e an pir'ead)'fhe
Silurian period in Earth's history began about 439

million years ago and lasted fbr about 31 million
years. It is a subdivision of the Paleozoic era (see

PALEOT-OIC F,RA).

During the Silurian period, much of the earth

was covered with shallow seas. Reefs of coral and

sponges formed, and fish and nautiloids were com-
monplace (see CltlRll.; rtsn). The first land plants

appeared also. Deposits of salt, gypsum, and iron
ore formed.

Sea also cEOLo(;rc-AI 'l'rN,{E scAI I-..

SILURIAN PLRIOD
During the Silurian period, dating from about 439 million years
ago, allforms of animal life lived in the sea. Corals, sp0nges,
and mollusks lived in the shallow water, along with fish and
nautiloids.

x'
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SILVER

Silver is a valuable metal
thatwas once often used to
make cutlery and other
kinds of tableware. Today
such items are often made
of a much cheaper metal
and electroplated to give
them a thin coating of silver

SILVER Silver is a scarce and highly valued

metallic element. The chemical symbol for silver is

Ag, which is from the Latin word argentum (see

Er-EML,NT).

Silver has been known to humans since ancient

times. Because of its bright color when polished, it
has been used to make jewelry, ornaments, and

tableware. It is fairly soft and can be shaped easily.

Throughout the ages, silver has been used to make

coins. Medals and coins for special occasions are

still made of the metal, but "silver" coins in circu-

lation today are more often made of the bright alloy

cupronickel. Cupronickel contains the metals cop-

per and nickel, but no silver (see AI.t-oY). However,

silver is still used for international trade in the form
of bars and ingots (see tNcc-l'l'). For this purPose,

the silver is 99.9 percent pure and is called fine sil-

ver.

Fine silver is too soft for use in jewelry and table-

ware. An alloy of silver with copper is much harder.

Sterling silver contains 7 .5 percent copper. This is

usually expressed as 925 siluer, meaning that out of
every 1,000 parts of the alloy,925 parts are pure sil-

ver. Other alloys that are commonly used are 800,

830,875,900, and 950 qualities.

Silver tarnishes (becomes dull or discolored)

when exposed to polluted air containing sulfur
compounds. However, tarnishing may easily be

taken off with a suitable polish.

Silver is a very good conductor of electricity (see

CONDUCI'lON oF EI.F,CTRICI'l'Y). Because it is so

expensive, it cannot be used in large quantities to

make electric cables. However, it is used to make

contacts (parts between two electrical conductors,

through which electricity flows) in some kinds of
electric equipment.

Other metals may be electroplated with silver. A
layer of silver is deposited on another metal by elec-

trolysis. Brass is sometimes plated first with nickel.

Then the silver is electroplated onto the nickel.

Nickel and silver form a very firm bond. The ini-
tials E.PN.S. are stamped on articles that are plated

this way. The initials stand for Electroplated Nickel

Silve r.

Silver compounds are widely used in photogra-

phy (see coMPouNDs). Silver iodide, chloride, and

bromide are all sensitive to light. All are photo-

graphic chemicals (see PHOToGRAPHY). Silver
nitrate can be used to deposit metallic silver on pol-

ished glass surfaces to form mirrors.

Silver is fairly unreactive. It is sometimes found in

the earth as a free (pure) metal. In 1860, a nugget

of silver weighing 8 tons [7 metric tons] was found

in Spain. Silver is also found in compounds. The

most commonly found compounds are silver sul-

fide, found in the ore argentite, and silver chloride
(horn silver). Silver is found in small quantities in

the lead ore, galena. From the sixteenth century,

Mexico has been the world's richest source of silver.

Today, silver is also mined in other parts of North
America and in South America, Australia, and

Japan. Silver is extracted from its ores by various
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rrethocls ancl purificcl by electrolysis (see t:t.t:(.-

I l{()t YSIs; tlnf,). 'l'he purc silver crystlrls tltrrr resulr

rrre then rneltecl ancl crrst intcl silver lrals. It crrn bc

nracle iIrto vlrrious proclucts.

Silver has tl-rc r'rtonric ntrrnber 47. ks rclative
rrtolric nrrrss is 107.U70. Silver rrclts at 1,7(r2"F

[9(rl "(]l ancl boils at 3,95(r"F [2,193"C]. It has a

valcncc ol I or 2 in its conrpor.rnds.

See t /so Vr\t.F.N(.l-..

SIMPLE HARMONIC MOTION Simple
harrlon ic motior-r is a rcgular back-and-lortl'r
l-novement that is oltcn see n in natrlral s)/stcms thlrt
vitlrate or swing. The rnoverncnt of a pendulurn,
swinging backwarcl rrncl fbrwarcl, is :rn exrurple ol
sir-nple harmonic rnotior-t (see t,t-Nt'lLrt.LrNl). The
movenrent of a playgrotrnd swing is another exanr-

ple of simple harmonic nrotion. The vibration of a

stretched cord or wire that is pluckcd, irs in l rnusi-

cal instrument, is a third example.

The fbllowing examplc describes the forccs ecring

otr :r body that is rrnclergoing sin'rple harrnonic
motion. Imagine that an object, such as a weight,
hanging on ir string is set swinging. The weight
moves sideways fbr only a certain disrance. The
fbrce of gravity, pr-rlling it downward, overcomes

the force tha.t is lifting the weight from the earth
(see clLAvttv).'l.he specd of the weight is reduced

more and rnore, until all movement srops ar the top
of the swing. Then the force ol gravity pulls the
weight downward to the original vcrtical position.
As the weight swings downward, the speed of the

weight increases unril it is at a maximum speed

when nearest thc earth. As the wcight's speed

increases, so does its momentum (the force that a

moving body has because of its weight and motion)
(see NIoN4I.NTUM). Its momentum carries it beyond

the vertical, and out to the opposite side, to an

equal distance.

The time that a pendulurn takes to swing from
one side to the other depends on the length of the

pendulr.rm. It does not depend on the size of the

object at the encl of the pendulum, its mass, or how
hard a push is given to the object to set it in morion
(see tt,lss). The number of times that a pendulum
moves from one side to the other and back again

crrch seconcl is callecl the fi'ec1r-re ncv. The nrrrxir-nun-r

clistlncc it rnoves in eitl-rer clirection fi'orn irs origi-
nrrl restir-rg 1-roint is its amplitr-rcle (see Aivtt,t.t I'tlt)H;

Irltl;(lLll:N(.\').
'l'he vibrations procluced by musical instrnrncnts

rrre rr lorm ol simplc harnronic rlotion. ti(/hen a

gr.ritar strins is plLrcl<ecl, it vitrrrrtes sidc to sicle. Its

nrovenlent is limitecl bt' the tension in the strir-rg.

Just as gravitv stops a pcndulunr at thc encl of errch

swing, tl're tcnsion in the string stol'rs it ancl starts ir
nrovinq in the o1-rpositc clirection. The frecltrencv of
vibration of tl're string clePends on its lengtl'r ancl

also on thc force provided by the tcnsion of the

string. The shorter the string ancl the grearer thc

tension, tl're highcr tl're fr-ec1r-rcncy of vibrarion.

0scillating spring

SIMPLE HARMONIC MOTION
Examples of simple harmonic motion include a weight
oscillating (vibrating) up and down atthe end of a coil spring
(top) and a pendulum, which is a weight swinging at the end
of a string (bottom). ln each case, a graph of the weight's
displacement plotted against time takes the form of a regular
wavelike curve.

Displa cement

Swinging pendulum
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A simulator (sim'ya la'tar) dr.rplicates the condi-

tions of a situatiolr, a process, or a piece of equip-

ment. Using a simulrrtor, a piece of equipment or a

process can be developed and tested. A simulator

n-ray be a device. For exarnple, spacecraft simulators

that look like the real craft atrd recreate the condi-

tions of spaceflight are used to train astronauts.

Airlines use airplane sin'rulators to train flight per-

sonnel. The nuclear power industrv uses simulators

to train people in the operation of their power

plants. 'fhese are only ar few of the many uses of
simulators.

Simulators usually duplicate the appearance and

the motion of the object they simulate. For exam-

ple, a spacecraft simulator has the same controls

and instruments as a real craft. In addition, com-

puter-generated color images recreate the vicw our-

side an actual spacecraft.

Not all simulators are devices. A simulator may

be a computer program. A program, for example,

can simulate a chemical process or a political sys-

tem. As long as the characteristics of some device or

system can be put into a computer, the operation

of that device or system can be simulated (see

coMt)uTF,R).

Simulators may be used in research and develop-

ment. Simulators make it possible to develop

FLIGHT SIMULATOR
A military pilot can learn to
fly a high-speed jet plane on
a flight simulator. The pilot
can practice takeoffs,
landings, and attack
procedures.

SruULAIOR

equipment that might be either too expensive or too

difficult or dangerous to test without a simulator.

For instance, in the developme nt of intercontinen-

tal ballistic missiles, it would have been irnpossible

to conduct actual tests. The use of simulators made

their development possible (see wltsstt.u).

Perhaps the most important use of simulators is

to train people to operate equipment and vehicles.

Using simulators saves energy-and millions of
dollars. For example, since airlines usc simulators

for training instead of flying the actual aircraft, thev

save ene rgy. Using simulators also allows training to

be more personal and thorough. For examplc, if a

pilot has trouble with takeoffs, a simulator allows

the pilot to practice taking off again and again.

Simulators also allow pilots to experience emer-

gency situations that could arise in actual flight.

Experience in dangerous jobs can be gained with

simulators. For example, handling liquid natural

gas is a delicate and dangerous operation. A simu-

lator can train operators safely.

There are many kinds of simulators in use today.

With improved computers, it is becoming more

and more possible to simulate a wide variety of
processes. In time, simulators may be used to teach

such diverse skills as playing tennis and perfonning
surgical operations.
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SINTERING (sin'tar ing) Sintering is the
process of heating particles of solid material until
they stick together. If a mixture of powdered met-
als is heated to the melting point of one of the

metals, the metal that melts makes the particles of
the other metal stick together.

Sintering can also be carried out using pressure.
\When grains (particles) of a ceramic material are

compressed, the parts of the grains that are in
contact with one another form solid links. The
powder changes into a solid mass.

By carefully sintering a powder that has grains
of a known size, it is possible to make a porous
solid. Gaps are left where the grains that were

heated or compressed did not touch one another.
Very fine filters can be made in this way,
with pores (holes) of a known range of sizes (see

FTLTER).

Sintering is an important process in the
making of pottery and porcelain and also in met-
allurgy.

See AIso CERAMICS; METAL AND METALLURGY.

SINUS (sl'nas) A sinus is an air-filled cavity
(enclosed space) in the front of the skull that con-
nects with the nasal passages (see Nosp; SKULL).

Sinuses are found in humans and also in other
mammals, birds, and crocodiles.

There are four groups of sinuses in the human
skull. The frontal sinuses are located in the
frontal bone of the forehead, just above the eyes.

The maxillary sinuses are located in the cheek-

bones on each side of the nose. The ethmoid
sinuses lie just above the nasal passages, and the
sphenoid sinuses are just behind them.

The sinuses are lined with membranes.
Infections of the nose spread easily to the sinuses

and inflame these membranes (see vrunneNt).
\When this happens, painful pressure builds up in
the sinuses. This condition is called sinusitis.

Allergies, colds, influenza, and many other dis-
eases can cause sinusitis. It can be treated with
drugs known as decongestants, which make the
fluid in the sinus (mucus) less sticky. This helps

the sinus to drain, so relieving the pressure.

See also INFECTION; INFLAMMATION.

SIPHON (si'fan) A siphon is a tube, usually rub-
ber or plastic, used to transfer liquid from a con-

tainer at a higher level to a container at a lower
level. The tube is bent so that one side is longer
than the other. To begin siphoning, the tube is

filled with the liquid to be transferred. The short
side of the filled tube is placed in the higher con-

tainer, and the other side is placed in the lower con-
tainer. The weight of the liquid in the long side of
the siphon reduces the pressure in the tube.
Atmospheric pressure on the surface of the liquid in
the higher container forces liquid up the short side

of the tube. After the liquid reaches the top of the

siphon, graviry pulls it down the long side of the

tube, into the lower container. This flow continues

until either all the liquid is removed from the
higher container or the liquid in the lower con-
tainer reaches the same level as the liquid in the
higher container.

See als o ATMOSPHERE; GRAVITY.

j

'j

i

;.

SIPHON
A siphon is a U-shaped tube used to transfer a liquid from
one container to another container at a lower level.

SIREN A siren is a device used to make a warning
signal. It gives off a loud, piercing sound.

One common siren is made of wvo cylinders that
have holes in them. One cylinder is inside the
other cylinder. An electric motor or hand crank
makes the outer cylinder revolve. Another mecha-

nism forces air through the cylinders. Air comes

through the holes in the first cylinder and passes
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through the holes in the second cylinder every

time the holes are opposite one another. A low
noise is created by this movement of air through

the holes. As the outer cylinder is turned faste r, the

sound becomes louder until it grows into a long,

continuous wail. f'he more quickly tlie outer
cylinder is turned, the higher the volume of the

sound. A newer kind of siren produces its sound

electronically.

SISAL (st'sal) Sisal is a monocarpic plant that is

cultivated for its fiber-containing leaves. This
member of the agave lamily thrives in warm, moist

climates throughout the world (see nc,+vu). It pro-

duces clusters of thick, stifl spiky leaves that may

be 6.6 ft. [2 m] long and 4 in. 110 cml wide.

Within eight years after being planted, the sisal

produces a flower stalk 20 ft. [6 m] tall. Dense clus-

ters of yellow flowers grow at the end of this stalk.

The flowers produce seeds, but they also contain

many small bulbs that fall to the ground and take

root. The sisal plant dies shortly aftcr flowering (see

BULI] AND CORM).

The leaves of the sisal plant yield coarse, white
fibers up to 50 in. l1 25 cml long (see FIBER). These

fibers are very strong and flexible. Since they are

not affbcted by salt water, they are often made into
ropes for use on seagoing boats and ships. The

fibers can also be woven into mats and rugs. More

than 60 percent of the world's supply of sisal fiber

comes from tnzania and Brazil.

SKATE

The skate is a cartilaginous fish (its skeleton is made of
cartilage) related to the sharks and rays. Shown here are the
top (top) and the underside (bottom) of the common skate.

SKATE A skate is a saltwater fish that belongs to

the family Rajidae. It is a flat, diamond-shaped fish

that spends most of its time on the floor of the

ocean. The skate's skeleton is made of cartilage

instead of bone (see CARTILAcE). A skate is a type of
ray (see nnv). Skates and other rays are related to

sharks (see sHenr). Skates eat small fish, crus-

taceans, and mollusks (see CRUS'IACIEAN; MOLLLJSK).

More than twenty species of skates are found in
the waters off North America. Some species may

reach 6 ft. [1.8 m] long. The flesh of skate fins is a

popular food in Europe.

See also Ftstt.

-*:4
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Sisal is grown for its fibers in many warm parts of the world.
This crop is being grown 0n the island of Madagascar, in the
lndian 0cean.



STELEToN

A skeleton is a structr-rr-e that supporrs an anirnal's

body. It rnay also prorecr the body or certain body
structures. It may help tlie anirnrrl move about by
providing a place firr muscles ro artach. ln sonre

cascs, such as the bones in the middle ear of r-nam-

mals, the skeletor-r evcn has a sensory function.
There are two main types of skeletons: exoskelerons

ancl endoskeletons.

Exoskeleton An exoskeleton is a hard srrllcrure
on the outsidc ol an organism's body. It is usually
made of calcium carbonate, chitin, or silica (see

(lAl.(llUM (lARllONA'l'lr; (lHI'l'lN; Stl.t(lA). An
exoskeleton provides protection. Its major disad-
vantage is that it does not increase in size as the
organism grows. As a result, the exoskeleton is

usually r-r-rolted, or shed, sevcral tirnes cluring an

organ isr-n'.s lifetinre (see,ltt tt. t'l Nt ;).

Shells servc lls a type of exoskeleron for many
organisrns (sec sut,t.t.). Sontc protozortns, such as

foraminifbrs :rnd radiolarians, produce tinv shells

rnadc of calcium carbonatc or silica (see I,t{()'l()-
7-()A). Most n-rollr-rsks l-rave shells (see l,lot.t.ursc.,q).

The arthropods have rhc most advanced exoskcle-

tons (see AI{lHR()1,()tx). 'l'heir exoskeletons are

jointed and allow for movement. 'l'hey are made of
chitin, often strengthcned with calcir-rm carbonate.
Usually, muscles are attached to the inner surf,ices

of the arthropod's exoskeleton.

Endoskeleton An endoskeleton is a hard frame-
work inside an animal's bodv. lt is usr-rally nrade ol

s,
;":

.l::
LOBSTER

A lobster is a crustacean
that is related to crabs and
shrimp. lts shell is an
exoskeleton, which
surrounds and protects the
tissues and organs inside it
The shell is made of chitin,
reinforced with calcium
carbonate to make it hard
and strong.
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SKELETON

SPIDER

A spider is an arachnid that
is related to mites, ticks,
and scorpions. Like insects,
arachnids have a jointed
exoskeleton made of chitin.

bone or cartilage or botl'r (sec IIoNH; {.r\lL'l'll.AtiF.) .

An er-rdoskeleton incrcascs in size as the animal
grows. It hclps protect the internal organs ancl

allows for grcat frecdon'r ol movement. In many

animals, the er-rdoskeleton also h,rs other functions,

such as the production of blood cells (see ut.()()t)).

Some invcrtcbrates, such as echir-roderms and

sponges, havc cndoskeletons (see lr(ltllN()t)t:l{MA'I,\;

IN\/[-RI'L-URAI t:; SI'()N{il:). Thcy have hard, protcctivc
structurcs just inside their boclv walls. Thesc skclc-

tons usually incre:rse in siz-e as tl're :rnimal grows.

All other animals with endoskeletons are chordates

ENDOSKELETON

A fish has an endoskeleton. This internal framework of bones
or cartilage supports the animal's body and protects the
organs located inside the skeleton.

(see (.H()Rt),rt,q). (lhorclates inclucle all orq,rrrisrns

that, at some stage in their clcvclclpnrent, have a

notochorcl (sce N()'l'(X.HoRI)).

Most of thc chorcl:rtes are ve rtcbrates (see Vl:R l l:-

IlRi\1'f-). 
-l'he 

vertebrrltes are anirnals rvith back-

bones. In most vertcbratcs, the embn'c'r is the only
stagc of dcvclopment lvith a notochord (see

I:\1BI{\t)). l)uring clevelopn-rent, the notochord is

usuallv replaced, at least partiallv, by bonc or crrti-
lagc. In some vertebrates, such as sharks and otl'rcr

cartilaginor-rs fish, the entirc skeleton is nracle of
carrilagc (scc I;tSH). In most other vertebrirtes, the

ske le ton is con-rposecl n-rair-rlv of bone.
'l'he skeletons of most vertebratcs sh:rrc b.rsic sin'r-

ilarities. They all have a backbone made of bonv
vertebrae (see \jEll-l-F.Btu). Most l'rave ribs ancl lirnbs

modifiecl in va.rious wavs depencling on the ar-ri-

nral's lifestvle. The cliff-erences in skclctal structLrre

of vertebrates give scientists insights into hou, the

ve rtebrates cvolvcd (see l-r'tlt.tl t'tclN).

Human skeleton The human skeleton is madc

of bones, cartilage, and tor.rgh fibrous tissue. Sonre

bones are long and verr.strong. Others are f-lat ar-rd

also vcry strong. Most of the long bones start ollt as

cartilage, while most of the flat boncs start oLlt as

membranes (see rtl.trttlnANl:) . As the babv clevclops



NoTEEK

before birth, calcium, phosphorus, and other sub-

stances are laid down in these cartilaginous and
membranous tissues, producing bone.

Most of the boncs are covered with tough fibrous
[issue. The ends of bones in freely movable joints
are usually covered wirh cartilage. This cartilage
acts as a cushion in the joints (see lotN't'). Bones are

attached to other bones by ligamenrs (see l-t(iA-
MEN'I). Muscles are attached to bones by tendons
(sec tnNnctN). The muscles, acring across joinrs,
are able to move the skeleton, allowing a person ro
make various movenlents.

At birth, a baby has more than 300 separare

bones. As the baby grows, many of these bones fuse
(join) together. The adult skeleton has 206 bones.
The skeleton can be dividcd into two main parts:
the axial skeleton (skull, backbone, srernum, and
ribs) and the appendicular skeleton (shoulder,
pelvis, and arm and leg bones) (see IE,LVIS; RIB;

SKUL-t-; STERNUM).

The skull is made up of several plates of bone,
most of which fuse togerhcr after birth. The
immovable joints of the skull are called surures.
The skull encloses and protects the brain. The
orbits are cuplike sockets (hollow places) rhat hold

FINS AND LIMBS

A fish (right) swims by
moving its long, flexible
spine from side to side. lt
steers using fins, whose
small bones may not even
be connected to the rest of
the skeleton. An adult frog
(below) spends much of its
time on land. lt has a short
spine and long bones in its
limbs for walking and
jumprng.

the eyes. In the bones of the forehead and cheeks

are air-filled spaces called sinuses (see srNus). The
base of the nose is bone. The rest of the nose, how-
ever, is mostly cartilage. The maxilla is the bone of
the upper jaw. The mandible is the bone of the
lower jaw. Teeth, also part of the skeleton, fit into
sockets in the maxilla and mandible (see TEEI'H).

The mandible is one of the few bones in the head
that can nove. Some other moving bones are rhe
tiny bones (malleus, incus, and stapes) in the rnid-
dle ear (see Enn). These are the smallest bones in the
body.

The backbone, or spine, is made up of thirty-
three separate bones called vertebrae (plural of uer-

tebra). The last nine vertebrae are joined rogerher
and do not move. The backbone encloses and pro-
tects the spinal cord (see SPINAt. CORD).

The chest is enclosed by twelve pairs of ribs. The
ribs begin ar rhe thoracic vertebrae and curve
around ro rhe front of the chest. Most of the ribs
are connected to the sternum, or breastbone, in the
middle of the chest.

The bones of the arms and legs are joined ro rhe
backbone by loops of bone called girdles. The pec-
toral, or shoulder, girdle is made up of two clavicles



SKELETON

LIMB BONES

Shown here are (1) the front f lipper of a dolphin, (2) the wing
of a bat, and (3) the arm of a human being. The limb bones of
these mammals share a similar arrangement, butthe bones
have evolved very different shapes t0 suitthe way of life of
the mammal.

and two scapulas. The clavicles, also called the col-

larbones, do not move (see cLAVICLE). 'fhe scapu-

las, or shoulder blades, are able to move when the

shoulders and arms move. The pelvic girdle, or

pelvis, provides some protection for the lower
abdomen. The pelvis is made of several bones that

are fused together. It is very strong, as it must sup-

port the weight of the upper part of the body.

The bones of the arms and legs correspond
closely to each other. The long, strong bone in the

upper arm is the humerus (see HutrlnnuS). It is

attached to the pectoral girdle in a ball-and-socket

joint, known as the hip joint. The bones in the

lower arm are the radius and ulna (see RAI)IUS;

ut.NA). The wrist and hand are made of thirteen

bones: eight carpals and five metacarpals. The five

fingers contain fourteen bones called phalanges
(see PHAI-ANGt'-).

The bones in the legs are larger and stronger than

those in the arms. The femur is the bone in the upper

leg (see FEMUR). It is the largest bone in the body. It
is joined to the pelvic girdle in a ball-and-socket

joint, known as the hip joint. The bones in the lower

leg are the tibia (shinbone) and the fibula (see rteult;
TIIIIA). The patella, or kneecap, protects the knee

joint (see PATELLA). The ankle and foot contain
nvelve bones: seven tarsals and five metatarsals (see

'tARSAr). The five toes contain fourteen phalanges.

UPRIGHT POSTURI
A human being stands and walks in an upright position. The
human skeleton is adapted for this posture. with the spine
and legs in a straight line. During walking, the knee joint
carries nearly half the b0dy's weight.

\ttt
4ll
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SruN

Skit'r, also called the ir-rtegurlent, is the outer layer

or layers of cells of an animal's body. In many crea-

tures, skin forms the ourcr plotectivc colting of the

body. However, the skin is really ir living organ-
gcncrally thc body's largest organ. Skin hclps prc-

vent infection, protects internal structures from
injury, and allows information to be gathered
thror-rgh nerve cells, called receptors, which are

scattered throughout the skin (see INlt-(.'l-loN;
nl.c-t l'rctn). Skin also plays an importarnt palt in

excretion (discharging of wastes), temperatllre reg-

ulation, and, in some creatrlres, external respiration
(exchange of gases with thc environment). Skin
cells also make vitamin l) (see t'l't,rlllN).

MAMMALSKIN
A key feature of mammals is that they gro* l-'uli on thrir rki"
A human being is no exception, although the hair is not
prominent 0n m0st parts 0f the body. This diagram shows a

cross section of human skin, with the hairs and various
receptors (nerve cells).

In most invertebrates (animals without back-

bones), the skin is only one cell thick, but it often

secretes a herrd shell or exoskeleton, which covers it
(see SKEl.F.'l'clN). Vertebrates (animals with back-

bones) havc two basic skin layers, the inner dermis

and the outer epidermis. L,ach of these skin lavers is

made up of many layers of cells. Vertebrate skin

contains rnanv glands that secrete substances such

as sebum (oil), sweat, and, in mammals, rnilk (sec

(il.AND; MII.K; S\;'lrAl').

All vertebrates grow some kind of hard, horny
external strlrcture on their skin. Fishes and reptiles

have scarles, birds have feathers, and mammals have

hair. Hair grows out of pits in the skin called folli-
cles. Hooves, nails, ancl claws are arlso outgrowths of
the skin. Such external structures may provide pro-
tection or act :rs weapons. In addition, feathers

mal<e it possible for birds to fly ancl to float on

water. Both fcathcrs ancl hair help conserve body

' '*: -alli*;;q{ --t
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BIRD SKIN

Birds have feathers growing out of their skin. Even on a

flightless bird such as a rhea (above), the feathers provide
insulation and may be fluffed up when the bird is threatened or
in courtship display.

heat by trapping a layer of warm air next to the

skin. In many animals, coloring of the scales, feath-

ers, or hair provides camouflage or attracts mates

(see CAMOUFI-AGF-; FL,AI.HBR; HAIR; KF-RA.I.IN; NAIL).

In human beings, the thickness of
' the skin varies from about 0.02 to 0.25 in.

[0.05 to 0.65 cm]. Skin is thin on the eyelids

and comparatively thick on the soles of the feet.

The thickness or thinness of the skin is mainly due

to relative thickness of the epidermis. The outer

part of this layer is made up of dead, flattened,

horny cells. These cells are constantly being worn
away and replaced by new cells from underneath.

The innermost layer of the epidermis is the fast-

growing basal layer. Special cells called
melanocytes are located in this layer. Melanocytes

produce a pigmcnt (coloring substance) called

melanin. People with dark skin have more
melanin than those with lighter skin. Freckles are

also caused by melanin and may result from expo-

sure to the sun. The epidermis is the waterproof
layer of the skin. It protects the body from infec-

tion.
The dermis consists mostly of connective tissue,

blood vessels, and receptors, or nerve endings (see

CIONNF,CTIVE 'I'ISSUE). The outer surface of the

SKIN

dermis is covered in a pattern of tiny elevations

called papillae. The outermost surface of the skin

follows the same pattern, thereby forming a per-

son's unique fingerprints. The amount of blood

flowing through the blood vessels of the dermis is

controlled automatically by the nervous system.

The amount of blood flowing through the skin reg-

ulates the amount of heat lost by the blood. This

helps regulate body temperature. Sweating also

helps control body temperature. When sweat evap-

orates from the skin, the skin becomes cooler (see

F,vAPORA'floN). The skin helps conserve heat

through the contraction (shortening) of tiny mus-

cle fibers connected to the roots of the hairs. These

fibers make the hairs stand on end. The action of
the muscles generates heat. The raised hairs also

function to trap a layer of warm air near the skin.

A third layer of skin, the subcutaneous layer, has

connective tissue, blood vessels, and cells that store

fat. This fat helps hold in body heat (see rar).
It is very important for a person to keep his or her

skin clean. This keeps the tiny pores (openings) in
the skin from becoming clogged. It also helps pre-

ve nt the spread of infection in the skin. -l'here 
are

many pathogens (disease-causing organisms) that

can infect the skin. Any kind of inflammation or

infection in the skin is called dermatitis.

See also INFLAMMA l'lON.

REPTILE SKIN

Reptiles, such as snakes, lizards, and crocodiles, have scales
on their skin, as do mostfish. The Malaysian pipe snake
(above) spends most of its time burrowing in damp soil.



SKI

SKINK (skingk) A skink is a kind of lizard found
in many parts ol the world. It belongs to the farn-

ily Scincidae, in which thcre are more than nine

hundrecl spccies. Skinks havc short, slender lcgs.

Most eat insects and live on the ground. Some

skinks live r-rnder the ground. Tl'rese skinks have

permanent transparent covers over thcir eyes to

protect them against sand and dust. Sorne skinks
live in trecs. and a few live in the warer.

See tzlso LIT.AIll).

SKINK

The skink is a lizard found
throughout the world.
Skinks live in a variety of
places-on or under the
ground, in trees, and in
water.

..*1"{',ryXi.,re
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SKINNER, BURRHUS FREDERIC
(1904-1990) B. F. Skinner was an American psy-

chologist noted for thcories of learning and behav-

ior. Most of his work was in the area of animal
psychology, though he also studied human psy-
chology.

Skinner's main interest was the process of learn-

ing (see LL,ARNING AND ML,MOnv). To study this
process in animals, he inventcd an appararus called

the Skinner box. In a Skinner box, an animal can

press a special lever that automarically releases food
into the animalt cage. Skinner observed how long
it took a pigeon to learn that by pressing the lever,

food woLrld be released that the pigeon could eat.

The Skinner box is now used in many different
experiments. A Skinner box may have a number of
levers for testing how the animal learns tasks of
varying complexity.

Skinner was associated with the behaviorist
schoolof psychology. Behaviorists focus on observ-

ing how animals behave in response to their

cnvironment rather than on explaining why they

behavc in a particr-rlar way.

See a /so I)sY(.Hot.()( ;Y.

SKUA (skyoo'a)A skua is a seabird that belongs to
the family Stercorariidae. Its appearance is similar
to that of a gull (see citrt-t-). Skuas grow to a length

of 23 in. 157.5 cnl with a wingspan of l6 in. [40
cml. -l'he 

skua is mostly brown with a patch of
white at the ends of its wings. It spcnds most of its
time Lrr out at sea-in the rrorthern parrs of the
Atlantic and Pacific oceans and also in the sourhern

oceans around Antarctica. Thc skua comes ashore

mainly ro nesr. lt eats fish, which it often steals

from other birds. It also preys on the eggs and
hatchlings (babies) of other birds.

SKUA

The skua is a seabird that
spends most of its time far
out at sea. lt comes on land
rarely, mainly to nest.

SKULL f'he skull is the bony case rhar forms the
shape of the head of human beings and other ver-

tebrates (animals with backbones). The skull also

encloses and protects thc brain. The skull is divided
into two grou.ps of bones-those that enclose the
brain and those that form the face.

The bones that enclosc the brain make up the

cranium. There are eight bones in the craniunr.
These cranial bones include the occipital bone,
which is at the back of the skull. The sphenoid is at
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the base of the skLrll. Tr.vo parictal boncs arc at thc

topr and sicles of the skull; a temporal bor-re is

located abovc cach ear; the fror-rtal bone forms the

forehead; and the cthnroid is positiorred at the

nose. The remaining fburteen bones of the skr-rll

lorm the f}arncwork of the face.

Of thc twenty-two bones in the skull, the
mandible, or lower jawbonc, is the only one that
has a movable joint. 'l'he other bones are held

firml1, together at immovable joints callcd suturcs.

Set a/so U()Nf.; IOIN'l'; SKELE-l()N.

SKUNK'l'he skunk is a carnivorous (n'rcat-

eating) mammal belonging to the same farnily as

the badger and weasel (see (-Ai{Nl\'Oltl:; N{ANl,\{Al.) .

There are several spccies, all with black and white
firr. All live in North and South America. Skunks

are known for the strong odor produced by a pair
of glands near the tail (see (llANt)). When a skunk
is frightened, it can sqr-rirt fluid from these glands

as far as 13 ft.14 m]. The smell usually keeps ene-

mies at a s:rfe distance. Skunks also usc their scent

to notify other skunks of the ir presence. Most
sl<unk species send out "warning signals" belore

they squirt this liquicl. Dcpcnding on the species,

warning signals may ir-rclr-rcle foot stanrping or
standing on the front feet to displav the bold black

and whitc prlttcrns.

Most species are nocturnal (active at night).
Skunks makc their homes in hollow trees. in bur-
rows, and sometimes under buildings. 

-l-hc 
anirrals

feed mainly on insects, rnice, gophers, squirrels,

eggs, and birds.

The gestation period ol a female skunk
lasts between forty and seventy days (see (;i:Sl'A]-

ION I)L.RIOII). A litter may contain from two to
ten young.

After having their scent glands removed, skunks are

easily tamed as pets. Skurrks also have commercial

SLA

valuc-thcir sccnt eland sccrcrions arc usccl in

rnaking perfirme. In some *eographic arees, the

rrr-rir-nal's flesh is used trs food. Skr-rnk fur has bccn

uscd in thc rnanufircturc cllgarmcnts.
'l'he common skunk of Nortl-r America is elso

callecl the stripecl skunk. This spccics ranqes fl'onr

12 to 1ll in. 13 7 to 46 cm] long, r-rot ir-rcluciins thc

tail. The color pattcrn of the comrnon slirrnli
varics, but thc animal is lrcquently black rvith a

narrow white stripe on the fbreheacl and a rvhitc

patch or-r the I'reacl. This patch may cxtcnci onto the

back and sometimes onto the tail as rr single bancl

or two stripes.

SLAIE Slate is a fine-grained metanrorphic rock
(see i\18'l'AMOI{l'HI(. I{()(.K; It(X.K). Slatc was firrnrecl

fron-r shale that was subjected to years of high tcnr-

perature ancl pressure (see sHr\t.F.). L,ver-rtr.rallr,', the

compressecl materi:rl recrystallized into slatc. Slate

splits easilv along parallel plancs into thin sl'rcets.

The tl'rree main mincrals in slate arc nricrr, cl'rlo-

rite, and quartz (see l,'ttc.'t; QLlARlT-). Most slate is

black or gray. Other colors ol slare incluclc blue,

red, greer-r, and pr"rrple. These other colors occrlr

because of impuritics in the slate.

Slate is used for floors, fbr tabletops, :rncl rrs a

roofing material. In the United States, most slate is

qr-rarried in New Enslancl ancl Pcnnsylvania.

SKT]NK

All species of skunk have
black and white markings.
ln the common, or striped,
skunk (1 and 2), there may
be one or more white
stripes. These can vary in
thickness. The hooded
skunk (3) has a white tail.



STEEP

Sleep is ir necessary boclity activity that takes up

about one-third ol the lives of humans. lt is also a

normrrl part of the behavior of many other animals.

Scicntists do not know exactly what causes sleep,

but they herve learned much about what sleep is. It
is il state ol consciousness in which the activity of
the unconscious rnind takes the lorrn of dreaming
(see (.()Nsct()LtsN [.ss; nnnatvt ).

Many boclily processes change when a person is
ersleep. Rocly temperatlrre and basal metabolic rate

drop (see MLIABoLISN'1). The senses (for example,

l'rearing) become less rcsponsivc, but they do not
stop functioning. A loud noise or some other
strong stimulus normally wakes a sleeping person.

Slcep does not crlllse i1 person's brain to stop being

active, thor-rgh the brain does not carry out pur-
poseftrl mental activity during sleep.

By studying the electrical activity of the brain

\l

&"'

A sleeping person does not lie in the same position all night.
From time to time, during light sleep or periods of near
wakefulness, the muscles become active and the sleeper
turns over or moves the limbs.

with an instrument called an electroencephalo-

graph, scicntists havc discovcrcd that thcrc arc at

least two different kinds of sleep (see L,LL,c I'ROL,N-

(lF.PHAl.(X;R,rlH). It is known that a normal person

passes from one kind to the other kind of sleep sev-

eral times in a night or sleeping period. A sleeping

period lor a normal adult is about eight hours.

One type of sleep, called orthodox sleep, or non-
dreaming sleep, can be divided into lour stages,

f-rom the lightest kind of sleep (stage 1) to the deep-

est sleep (stage 4). The readings from the electroen-

cephalograph, called an electroencephalogram
(EEG), show brain waves that have large, slow
rhythms. These rhythms are called delta rhythms.
Deep orthodox sleep generally occurs during the

first two or three hours of sleep. 'I'he length of
orthodox sleep may vary by individual. Some sci-

entists believe that the repair of ce rtain body tissues

occurs during orthodox sleep. Orthodox sleep has

also been shown to be involved in how the brain
and the rest of the nervous system maintain their
control over various parts of the body, such as the

muscles (see nu.RtN; NERVous sys'r'EM).

The second type of sleep is much lighter. It is dur-
ing this type of sleep that dreaming occurs (see

DREAM). At this time, the muscles become very
relaxed, the heartbeat and breathing are irregular,

and the eyes move rapidly about. Also, the delta

rhythms disappear. This dreaming sleep is called

REM (rapid eye movement) or paradoxical sleep.

Some scientists believe that this is the period dur-
ing which brain tissue is repaired. Dreaming sleep

is also important for maintaining mental abilities,

such as learning and memorl (see LEARNINCI AND

MEMoRY). Each period of dreaming sleep lasts from
five to sixty minutes. During the night, the later

periods of dreaming sleep last longer than the ear-

lier periods. Outside events that occur during
sleep-for example, nei5s5-62n affect a person's

dreams. Dreams can often be remembered when
the person wakes up. Dreams are most often
remembered when the sleeper is awakened during
dreaming sleep. However, by about ten minutes
after waking, it often has become difficult for
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sleepers to recerll their dreams in detail.

Thcrc is some eviclence that anything, such as

certain drugs or stress, that greatly recluces the

amount of dreaming slecp a person has may lead

to mcntal disturbances and possibly mental illness
(see l,,tt,Nt,cl. II l.NF.SS). Some of the elfects of lack

of any kincl of sleep are noticeable. After staying

awake for about two days, a person has a loss of
energy and has difficulty concentrating and accu-

rately performing certain tasks. The person may

get angry easily and may start having hallucina-

tions (see HAI-l-U(ltNAl toN). After about three

days, and often before, a person cannot help

falling into rrricrosleeps. "I'hese are periods of
dreaming sleep that last only a few seconds. After
three or fbur days withor-rt sleep, even the simplest

mental tasks are often impossible to do.

CAT NAP

Many nonhuman mammals
spend much of their time
sleeping when they are not
hunting. Pictured here are a

lion (above), a lioness (left),
and a domestic cat (below),
alltaking a nap.

Insomnia is the inarbility to sleep naturally. Such

sleeplessness is often associated with pain, but
worry can also keep a person awake. A dark, quiet
room that is well ventilated and cool helps a person

relax, which is necessary for sleep to herppen.

rJr ',llr-"\S,r&
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A NIGHT'S SLEEP

During a night's sleep, you go through cycles of changing
mental activity (see charts, right). These changes can be
detected by measuring a sleeper's brain waves (revealed
by an electroencephalogram, or EEG) and by recording
eye movements. A period of rapid eye movements, called
REM sleep, is associated with dreaming.

SLEEP AND AGE

As a person gets older, he or she spends less time in
deep sleep (stages 3 and 4)(below). A 25-year-old spends
four times as long in deep sleep as does a 70-year-old.
But a 25-year-old spends only one-quarter as much time
dozing (stage 1 ). LiSht sleep (stage 2) stays about the
sa me.

Age 25
ur0wsy Age 70

wakefulness and
dozing (stage 1 )

REM sleep

Liqht sleep
(stage 2)

w
4

movements

wakefulness

Stage 1 sleep is a very light
sleep in which a person dozes, 1
as he or she drifts in and out I
of sleep. As sleep takes over, I
the brain waves gradually
lengthen, and eye movements

-

Deep sleep
(stages 3

and 4)

TOTAL SLEEP

TYPICAL NIGHT
ft'e o"s*r ibrfu;iah;Wa
five cycles of sleep in one
night for a young adult.
There is usually light sleep
(stage 2) and deep sleep
(stages 3 and 4) in each
cycle. A change in body
position often occurs after,
but not during, a dream.

THE STAGES OF SLEEP

Drowsy wakefulness

REM sleep

Stage 1 sleep

Stage 2 sleep

Stage 3 sleep

Chanqes in EEG

brain waves

Major change
in body position

Muscles still

Vivid dreams
likely

Drowsy wakefulness
occurs as you fall asleep
and again before you are
fully awake in the morning.
Also, you wake up briefly
three orfourtimes a night
(at the end of each cycle
of sleep). but without
remembering being
awake. You often turn over
or move your limbs during
these wakeful periods. The
brain waves are regular
and typical of relaxed
wakefulness.

EEG brain waves

w@
K complex

Stage 4 sleep is also called
slow-wave sleep because the 1
brain waves are highest and I
longest. The heart iate falls to I
its lowest values. The longest
periods of stage 4 sleep occur
early in the night. During later (

Stage 2 sleep is a light
sleep that occupies about
half of your time in bed,
whether you are young or
old. There may be some
dreaming, but you rarely
remember it. There are
brain waves called K

complexes immediately
after REM sleep. Brain
wave variations called
spindles occur just before
REM sleep. ln both cases,
eye movements and body
movements are minimal,a

ffi
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become slow and rolling.
Breathing is more steady and
even. Apart f rom during the
first sleep cycle of the night.
very little time is spent in
stage 1 sleep.

sleep cycles, periods of stage
4 sleep are short. There are
no true eye movements and
hardly any body movements.
People with sleep disorders
such as insomnia usually
have no stage 4 sleep at all.

p
REM sleep, meaning rapid
eye movement sleep, usu-
ally occurs when you are
dreaming. The eyes move
about rapidly under closed
eyelids-more ra pidly than
when you are awake. The
rate of breathing and
heartbeat also become
quicker. The brain waves
are similar to those of
stage I sleep. Your mus-
cles become still, so that
you do not move while
dreaming.

Stage 3 sleep is deep and
restful sleep. Breathing
slows down, the heart rate
falls, and the muscles
relax. There are no true
eye movements, although
the eye movement
recorder responds to the
brain activity. The brain
waves are high and long,
a pattern typical of periods
of soundest sleep.

Stage 3 sleep

SLEEP

REM sleep

affi
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SLEEPING SICKNESS Sleeping sickness is a

disease caused by infection from the protozoan (single-

celled animal) Tiypanosoma (see PROTOZOA; TRY-

I,ANOSOME). The parasite enters the body through
the bite of a fly that carries it (see I',tR+St't'u). The

tsetse fly in Africa and various flies in South and

Central America are carriers (see t-sttsl, rr-v). The

parasite reproduces in the bloodstream and spreads

to the lymph tissues and then the brain and nervous

system (see BRAIN; I.YMPHATIC SYs'l'h.lvl; NL,RVOUS SYS-

'r'tl,t). Early symptoms of the disease are fever, a rash,

and localized swelling. Once the brain is infected,

signs of lethargy (lack of energy), tremors (shaking),

convulsions, and coma occur, possibly leading to

death (see CIONVULSIoN). Antiprotozoal drugs are

used to treat sleeping sickness. Ways to prevent
infection include using insecticides to kill the fly car-

riers and giving antiprotozoal drugs to anyone visit-
ing an affected area (see INSECITICIDE). Sleeping

sickness can affect both human beings and other ver-

tebrates (animals with backbones).

SLEEPING SICKNESS

ln Africa, sleeping sickness is spread through the bite of the
tsetse fly, which injects the disease-causing trypanosome
parasite into a person's bloodstream.

SLIME MOLD Slime molds are a rype of pro-

tist-that is, an organism belonging to kingdom
Protista (see PROTISTA). Some people consider slime

molds among the most interesting and unusual
organisms in the world. Most have rwo very different

stages, onc in which thc slime mold resembles a sim-

ple animal, the other in which it resembles a fungus.

Slime molds exist throughout the world.
However, most people have never seen a slime
rnold. This may be because most slime molds are

very small. Son're varieties, though, are more than 2
ft. [(r0 cm] across. Most slime molds live in

SLIME MOLD
Most slime molds have two very different stages, one in
which they resemble a simple animal and one in which they
resemble a fungus.

temperate areas. They can be found in the soil, in
rotting logs, or in piles of dead plant material.

There are hundreds of species of slime molds.

Most slime molds have two distinctive lifc stages,

vegctative and reproductive. The vegetative stage is

characterized by a body form called a plasmodium
(see I'LASMODIUM). The plasmodium is a semiliquid
sheet of protoplasm, cnclosed in a membrane, that

oozes from one place to alrother under its own power
(see MF,MBRANF-; I)RO'I'OPL.ASM). The reproductive

stage is characterized by sporangia, or lruiting bod-

ies (see SPORANcIUH,T). These sporangia are tiny,
mushroom-shaped structures that usually grow on

the upper surfaces of the slime mold. They produce

millions of tiny, dustlike spores that are only about

0.0002 to 0.0006 in. [0.004 to 0.01 5 mm] in diam-
eter. These spores may be any of several different col-

ors and shapes, depending on the species (see st'cxt).
After the spores have been released, those that

land in damp places begin to grow. Thev swell up

and grow two taillike flargella (see Fl.A{iE,l.r.uv). The

spores are now called swarm cells (see cinlt-). Each

swarm cell swims away in search of another swarm

cell. The swarm cells are gametes, or sex cells. Two

swarm cells may join together to form a zygote.

This zygote is the beginning of a new plasmodiurn
(see GAMF,TE; 7-YGO'l'F-).

In the zygote, the flagella irre permanently
retracted. The cell nucleus begins to divide. It n-ray

continue dividing until the growing plasmodium
has millions of nuclei (plural of nucleus). The plas-

modium is covcrcd with a mucuslike slime that
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helps it ooze from place to place. As it moves, the

plasmodium digests bacteria, molds, and other fungi
(plural of fungus) in its path. It leaves behind a wake

of dried mucus and wastes. The plasmodium may be

red, yellow, orange, or cloudy white in color.

If a plasmodium is cut into several pieces, each

piece can live independently. The pieces may also

fuse back together into one organism. If disturbed,

the plasmodium stops moving and hardens into a

gel. After a while, it slowly starts moving once

again. In dry weather, the plasmodium may change

into a sclerotium. This is a dried, resting stage. In
this form, a slime mold may live for several years.

Once exposed to water, it "comes alive" and

becomes a plasmodium again.

Not allslime molds follow this complex life cycle.

Some slime molds are parasites that have a simpler
life cycle more similar to that of a fungus.

See also FUNGUS; PARASITE,.

SLIPPED DISK A slipped disk (or prolapsed

disk) is a partial collapse of an intervertebral disk.

Intervertebral disks are found between the bones of
the spine (vertebrae) and normally act as cushions.

They contain a soft, jellylike center and a hard

outer layer. Placing too much strain on the spine

(such as lifting a weight incorrectly) may cause the

outer layer of a disk to break, allowing the soft
inner core to push through and press against the

spinalcord (see Sl)INAL CORD). This may cause pain
in the back. It may also cause pain in another part

of the body, such as the arms or legs, if the pressed

nerve sends signals there.'I'he pain may be sudden,

SLIPPED DISK

SL

or it may build up slowly. There are many possible

treatments for a slipped disk, but these are complex

and may be only partly effective, so it is important
to avoid straining the spine.

The brown-throated three-toed sloth lives in the rain forests
of South America and as far north as Panama.

SLOTH Sloth is the name for a family of South

American mammals that have a slow and unusual

way of moving about. Scientists believe the sloth's

sluggishness is caused, at least partly, by the ani-
mal's very low body temperature. Sloths live upside

down, hanging from branches with their hooklike

claws. Sloths can even fall asleep in this position.
They rarely come down from the trees. They can

crawl over the ground, but they cannot walk.

Sloths are often hard to see in trees because green

algae covers the animal's hair, providing camou-

flage (see ALGAT; c:AMOUFLAGe). Sloths feed on the

leaves, buds, and young twigs of trees. There are

two main species of sloths. The two-toed sloth has

two claws on the front feet. The three-toed sloth

has three claws on the front fcet. Both species have

three claws on the hind feet.

See also MAMMAL.

SLUC Slug is the name for any snail (class

Gastropoda) that has a very small shell or no shell

at all (see C;ASTROPOD; SNAIL). The slug has two
pairs of long, slender growths called tentacles, with
eyes on the outer end of the longer pair.

SLOTH

When a slipped disk
presses on the spinal cord,
it causes pain in the back or
in a part of the body served
by spinal nerves.

Slipped disk
;

Spinal cord
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Most types of slr-rgs lcccl on decaying rlnttcr.
Many also feed on furngi (ph-rral of fungns), but some

fbed on living plants and cause damage to crops. A

few leed on earthworn'rs. Food is usually taken itr

with the filelike "tongue" called the radula. Slurgs are

usually active only at rright or after rain. They hide

during thc day under stones and vcgetation.

Thick mucus' Liquid mucus

A slug moves by extending its body over a layer of slimy
mucus it produces. lt then contracts part of its body, at the
same time gripping mucus that has thickened. These
alternate acti0ns allow the slug to slide along.

SMALLPOX Smallpox, also called variola, is

one of the most contagious diseases in the world. It
is caused by a virus. Although this disease once

caused widespread epidernics that killed thousands

of people in a short time, today the disease has been

wiped out through a worldwide vaccination cam-

paign (see DISF,ASE; L,l'}lt)EMIC; VIRUS).

l.ike many other diseases, smallpox is probably

carried by the tiny droplets shot into the air when

a person coughs, sneezes, or even talks. The
droplets lrom an infected person may find their
way to the mucous membrane of the nose and

throat of another person (see MUCoUS MEMBR{NE).

From such linings, the virus spreads through the

rest of the body. The smallpox virus is also present

in skin rashes. The disease may be spread indirectly
through items such as bedclothes and utensils.

The first symptoms of smallpox appear about

eight to twenty days after exposure to the virus.

Symptoms often include a severe chill, headache,

fever, nausea, and pains in the back, arms, and legs.

Within three or four days after the disease begins,

red spots appear on the skin. These spots swell,

changing to blisters filled with pus. They appear

first on the arms, then on the trunk, face, and legs.

The location of these spots or blisters helps doctors

distinguish smallpox from similar diseases. If the

person with smallpox lives, the blisters dry up, and

the fbver drops. Scales lorm ancl peel off, lcaving

reddish brown marks. These marks may stay with a

person for the rest of his or her life.

ln 1796, Edward Jenner, a British physician,

developed a vaccine against smallpox (see Jl,NNl,R,

F-l)wARD; VACCINAftOT.*.-). 'I'his was rhe first safe and

dcpendable form of vaccination against the disease.

In 1967, the World Health Organiz-ation
(\7HO) of the United Nations began a worldwide

varccination campaign against thc disease. By 1979,

WHO reported that srnallpox had been elimi-
nated. lt recommencled that vaccination be discon-

tinued and that laboratory supplies of thc virus be

destroyed. By 1984, the only known samples of the

smallpox virus were in special laboratories in
Atlanta, Georginr, in the United States mnd Moscow

in Russia. Destruction of these samples was

planned, but late in 1993, scientists decided to

allow more time to study the virus before destroy-

ing the samples.

SMELI A smelt is a fish that belongs to the fam-

ily Osmeridae. 'fhere are several species found in

North America. Most species of smelts live in the

ocean and swim to freshwater rivers to spawn (see

MIGRAI'ION; SPAWNIN(i). Some smelt have become

landlocked. In other words, they are trapped in a

lake or rivcr that has no outlet to the sea.

Landlocked smelt that live in large lakes usually

swim up a river that flows into the lake to spawn.

Fishers using hand nets in shallow water are able to

catch large numbers of smelt when they are moving

upstream.

One of the best-known smelts is the rainbow
smelt, which is found in fresh water and in the

Atlantic and Pacific oceans. lt grows to a length of
8 in. [20.3 cm] and has a slender body. The
mouth of the smelt is large, with many teeth. The

rainbow smelt eats worms, insects, small crus-

taceans, and fish.

See also CRUSTACIEAN.

SMELIING Smelting is the heating of minerals

and ores to extract metal from them (see ML,'IAL

AND METALLURGY; MINF,RAL; ORu). In ores, metal is

found in combination with other materials. It is
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SMELTING

ln a smelting plant, workers
use a scoop at the end of a

lonq arm to load the furnace
with an ore, a reducing
agent (such as coke), and a

flux (such as limestone).

found as variolrs salts and as oxides (see oxtnl;
sarr). By heating the ore, mixed with a reducing
agent, the compounds can be converted to the
metal (see C]OMPOUND; OXIDAI.ION AND REDUC-

TION). A matcrial called a flux is also added ro rhe

mixture to be smelted. A flux is material that pre-
vents the molten (melted) metal from immediately
turning into its oxide again. The flux combines
with impurities and separates out ro form a waste

material called slag. The molten metal and the slag

can be drawn off from the smelting furnace sepa-

rately (see FI.LJX).

A good example of smelting is the extraction of
iron from its ores. The lumps of iron ore, mixed
with coke (a reducing agent), and limestone (a

flux), are heated to a high temperarure in a blast

furnace (see RLas'l t uRNACE). The unwanred slag

settles out on the surface of the molten mixture.
The liquid iron can be run off from beneath the
slag layer. The ores of copper, silver, and lead are

smelted in a similar way to yield the metals. In the
case of aluminum, the smelting is done by electrol-

there. However, the smoke came from coal-
burning furnaces and stoves used in factories and

homes. \7hen certain wearher conditions existed,

smog would remain in the air rather than blow
away. Between December 5 and 9, 1952, a thick
cloud of smog blanketed London and caused the

death of about four thousand people. The British
government then passed laws to keep industry and
homes from releasing large amounrs of harmful
smoke into the air.

In the United States, smog has taken on a new
meaning. The smog in the United States results

from a chemical reaction that occurs when certain

polluting gases mix with warm sunlight. This type

of smog is called photochemical smog. It forms

mainly from hydrocarbons and nitrogen oxide
gases, such as nitrogen dioxide, in the air. A major
source of the hydrocarbons and nitrogen oxide
gases is the exhaust from automobiles. This mix-
ture is then struck by the ultraviolet rays in sun-
shine and undergoes a chemical reacrion to
produce gases known as oxidants. Ozone is the
most abundant oxidant (see HYDROCTARBON;

Uil'RAVIOLET RAY). Photochemical smog has a

brown coloq caused by the nitrogen dioxide.
Smog is unhealthy. It makes the eyes warer and

feel irritated. Breathing smog causes coughing,
painful breathing, and shortness of breath. It also

reduces the amount of oxygen in a person's blood.

ysis of the oxide at a very high temperature.

See also F.r.F,crRoLYSIS.

SMOG Smog is a type of air pollution (see AIR;

POLI.UTION). The word smogoriginally referred to a

mixture of smoke and fog that was common in
southern England. The fog is natural ro rhe climate
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This, in turn, makes the person's heart beat faster.

Often, people with weak hearts suffer heart attacks

after breathing large amounts of smog. Over three

thousand cases of cancer each year are lir-rked to

smog. Doctors advise people to stay indoors and

avoid physical activity during periods of heavy

smog. Smog also kills many trees, flowers, and

other plants.

Smog is now the worst air-pollr.rtion problem in

the United States. Smog is most abundant around

cities and busy highways, where many automobiles

travel. Smog also is most abundant during summer,

when the sun shines longer each day than it does at

other times of the year. f.os Angeles, California, has

the worst smog problem in the United States, due

to its large number of automobiles and year-round

sunny climate. Forests near Los Angeles have been

badly damaged by smog. California and most other

states require new automobiles to have special pol-

lution-control devices such as catalytic converters.

These devices reduce the amount of pollutants in

automobile exhaust. In 1989, California's South

Coast Air Quality Management District estab-

lished a plan to try to rcduce smog levels by 70 per-

cent by the year 2000. The plan makes it illegal to

sell or use certain products that give off hydrocar-

bons or other pollutants in the Los Angeles area.

These products include certain charcoal lighter flu-

ids, paints, solvents, hair sprays, and deodorants.

The plan also calls for a reduction in the amount of
driving, a switch to electric cars or those that run

on gasohol or reformulated gasoline, and controls

on businesses that offcr "drive-through" services.

SMOG

Smog is a serious problem
in many cities, including
Mexico City (left). Smog
forms when certain gases,
such as those in automobile
exhaust, react with warm
sunli g ht.

The U.S. government also has taken major srePS

toward redu.cing smog. The Clean Air Act of 1990

requires lower levels of pollutants to be released by

automobiles, factories, and power plants by thc

year 2000. The law requires the use of gasohol and

rcformulatcd gasoline and requires the sale of cars

that use the new fuels.

See also clASOl.lNF.; O7-ONI-. l.AYIR.

SMOKE Smoke is a visible clor-rd of airborne par-

ticles consisting of finely divided solid and liquid
substances produced by combustion or a chemical

reaction (see C.HF-,\41(-Al. R[.A(]TI()N; {iOMBUS'l'lON).

When fuel is burned, the smoke is made up mostly

of particles of carbon. These blacken buildings,

produce corrosion, and damage vegetation (see

coRROSION). Smoke also harms lungs. Smoke par-

ticles are less than four hundred-thousandths of an

inch fone millionth of a meter] in di:rmeter.

Smoke can contribute to air pollution, especially

when a layer of warm air settles over a layer of
cooler air nearer the ground (see POl.l.U't roN). T'his

process is called thermal inversion. It traps the cool

air, causing a dense, smoky fog, also known as smog

(see SN'IOC). Smoke does have some beneficial uses.

Smoke from a wood fire is used to preserve fish and

meat. It is also used to protect orchards front frost.

Colored smoke is used for military signals.

SMOKINC Smoking is the breathing in (inhala-

tion) of tobacco smoke using a pipe, cigar, or ciga-

rette (see't'oBACtco). Smoking tends to relax people

who smoke and makes thcm feel less tense.
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Tobacco srnol<c cor.rtlrins r-ricotinc. rvhich is aclclic-

tive, scl once a person starrs srnoking, it is clilficLrlt
to stop (sec At)t)t(. ttO\). Morc intporrantlv, sntol<-

ing greatly increrrses tl'rc risk of getting lung canccr,

as wcil rrs other lung diseases such as bronchitis irnd

e mphvscnra (see UIL()N(.l II I IS; (.AN(ltrlt; t-.\tI,t t\'.SF.X.IA;

t.tlN(;). It also incrcases rhc chanccs of developing
hertrt cliscltsc (see HF.AI{l t)tSt.i\SIr). 

-I'hose 
arotrnd thc

pcrson sr-noking ofterr nrust brcathe in the smoke,

thus runnirtg thc sarne health risks as sr-nokcrs. This
is called passive snrol<ing. Becrrr.rse of nicotine's
addictive propcrties rrr-rd thc htrge sunrs of rnoney
spcnt on tobacco advcrrising, rhousands of peoplc
start snrokir-rg cach year. Man)' rhousands also die
each yc:rr becausc of sn-roking. It is lrrr better nor ro
start smclkir)g, or to c1r-rit, than it is to sn'roke.

SNAIL .l'he 
snail is a slor,v-moving rr-rollusk

belonging to thc sroup known as rhe eastropods
(see (;A5'l'l{()l,OI); N1()t.t.US(.A). 

-l'herc are abour
eighry thousancl kincls of snails. Thev are lound all

ovcr the worlcl rrnd in all kincls of terrestrial ancl

aquatic habitats. Snails feecl on plant and animal
matter, lvhich thcy chew Lrp with a rasplike ronglle

f"

callecl a rrrclulrr. There are rhree nrain groups ol
snails. I)rosobrrrnchs l'rave eills anci coilecl shclls.

C)pristhobranchs rrrc less coilecl and ofien clo not
havc shells. I)ulrnon:rres brcrrthe by nrerrns olsirnplc
Ir.rngs (sce (;ll t.S; t.ttN(;). 'l'hc prosobrirnchs and
opisthobranchs nerrrlr. all live in warer, bur nrrrr-rr.

prulmonates Iive on l:rncl.

[-ancl snrrils livc r-r-rosrlv in clrrnrp prlrrces, sucl'r rrs ir.r

shaciy parks ancl srrrdens, under logs ar-rcl srones,

ancl in rvoodlands. A lerv spccies, horvcver, livc in
tl-rc clriest ol deserts. Mosr lar-rd snails havc sl'rells

ancl are pllln)onarcs. The snails r.virhotrt noticeable
shells arc callec'l slLrgs (see st Lt(;). As the lancl snail
n)oves, it sccretes a thin, sticky fluicl called nrLlcus.
'l'his subsr:rnce lets thc rrnimal slip along casilv. It
also acts as a protcctior.r agair-rst injr.rrv. Lrucl snails

can even move over sLlch matcrials as glass ancl

sharp stones without gerring injtrrcd. If land snails

car)not find enough rnoisture to suit thcir r-reecls,

they beconre clormant, or inactive. Ther.drarv back

ir-rto tl'reir shells ancl seal off the openir-rg of the
shells. \rVI'rer-r thc outsicle air beconrcs nroisr
enough, the snails come oLlr of their shclls rucl arc

active again.

Most lancl snails are herrnaphroditc, l'raving both
nale and fer-nale reproductive s)/stens in or"re incli-
vidual (scc Ilt:ltNtAI,HIt()t)l F.). Eges are usr-rallv laicl

in clarnpr placcs.

Sorne snails louncl in lresh warer have lungs.
-l'hesc animals come to thc surlace for air. Orher
types havc gills. 1'hcy can brearl're rvithout conrins
to the surface. Many freshwarcr snails lav eggs.

Sonre, howevcr, give birrh ro live yoLlr)g.

Marir-re (s:rltwater) snails havc gills. 'l'he fcrrales
tustrallv lav eggs that develop in the .'vater. 'l'hc

limpet, pcriwinkle, and whelk are rypes ol marine
snails (see I IN.{l'lr'l').

AlthoLrgh most snails are l'rarmless, some snails,

such as the cone snails, are poisor-rous. Son're snails

spreacl pathogens-organisms rhar calrsc clisease in
humans. Others causc extensive crop damage.
Some kinds of freshrvater snirils are used ro kccp

aquariums cleirn. The marine u,helks and periwin-
l<les are widelv used as hurnan fbod, and somc lancl

snails :rre also priz-ed as a fbod delicacv-frequentlv
called escnrgot.

SNAIL

There are about eighty thousand different kinds of snails,
found in all locations and climates. Two common freshwater
snails are pictured above the pond snail (top) and the ram's
horn snail (bottom).
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SNAKE Snakes are long-boclied repriles that have
no legs (sce RF.t,'t'lLt,). 'fhe absence of legs may be a
result of passing rhlough a burrowing stage during
cvolution (see Evt-rLLrTroN). Snakes are closely
related ro lizards (sec r-rZaRo).

Snakes live in almost all parrs of the world.
However, most species of snakes live in tropic:rl

STIIAKE- H eat-sensitive p i ts

The snake above is called a pit viper because of the heat-
sensitive pits on the sides of its face (only one pit shows in
this picture). The pits help the snake locate warm-blooded
prey in the dark.

resions. C)nly ong-the turope"n x.lds1-li1,s5
bel,ond rhe Arctic Circle (see Anor-.R). Snakes var1,
widely in size. A full-grown garrer snake measures
about 6 in. [15 cm] in lcngth, rvhilc full-grorvn
reticulate pythons may have rr length of rnore rl-ran

30 ft. [9 m].
The snake's long and slender bodv has more ribs

and vertebrae (bones of rhe backbone) than do
other backboned animals. The snake is therefore
very flexible. The internal organs are rnodified ro fit
inro the narrow body. For example, the lefr lung is

extremely small or missir-rg altogether. In some
species, the righr lung runs nearly the whole lengrh
ofthe body.

Vestieial (poorly developed) limbs are present in
the boas, pyrhons, and a few prir-nitive snakes.
Eyelids are absenr. 'I'he eyes are covered by a traurs-

parenr scale called a brille or spectacle, rvhich keeps
out dirr.

SNAKI-Movement
Snakes use four methods to
move. Concertina (left): The
snake pulls up its body
while gripping the ground
under its head. Then, while
holding the ground wirh its
tail, it throws its head and
body forward.

Serpentine (left): The snake
creates waves in its body.
These press against stones
and bumps in the ground,
pushing the snake forward.

lr Sidewinding (leftl: A few
snakes move sideways in a
series of steps. This can be
a very fast form of
movement.
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SNAKE-Teeth
There are four typeJof
teeth in poisonous snakes.
The teeth can be all the
same shape and size and
have weak venom (left).

Back-fanged snakes have
venom that flows along
open grooves in fangs at
the back of the mouth ileft).

Front-fanged snakes have a
pair of long, hollow fangs at
the front of the mouth that
inject venom into prey {left).

Some front-fanged snakes
have hinged fangs. The
fangs are very long and fold
back in the mouth when the
jaws are closed. When the
mouth is opened, the fangs
swing down and forward
( I eft).

.--].'-f-:j@

.*tlil-.-:,:Iry
, .llliiill -@

Traction (left): Broad scales
on the underside of the
snake's body grip the
ground. By contracting and
expanding parts ofthe
body, the snake drags itself
along the ground in a

straight line.
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SNAKE-Nonpoisonous snakes

Not all snakes have poisonous bites. Pictured here are (1 ) the
red-bellied water snake and (2) the racer, both from North
America, and (3) the African house snake, which is often a

harmless visitor to people's homes.

Snakes are carnivorous (meat eating), feeding
mainly on small mammals. They rely mainly on

scent to find prey. Snakes often flick their forked
tongues in and out. The tongue aids in the sense of
smell by collecting scent particles from the air and

transferring them to the Jacobson's organ in the

roof of the mouth. This special sense organ detects

traces of scent. The pit viper also finds prey with
the help of heat-sensitive pits in its face .

Some snakes are poisonous. The venom, or poi-
son, is formed in modified salivary glands and car-

ried down the teeth when the snake bites its victim.
Some poisonous snakes have fangs (long teeth) at

the back of the mouth. These snakes are generally
harmless to human beings, because they cannot
inject venom rapidly into large animals such as

humans, although the African boomslang is a

notable exception. Snakes with fangs at the front of
the mouth, such as the cobra and mamba, are much
more dangerous to humans. Poisonous snakes usu-

ally strike at their prey and then wait for it to col-
lapse before they eat it.

Constrictor snakes, which are nonpoisonous,
strike their prey with their teeth. If the prey is large,

s 
^/,4

these snakes wrap their bodies around it, thereby

squeezing the prey until it suffocates.

The snake can swallow large animals without
chewing them. A snake's jaws are loosely attached

to the skull, and the two halves of the lower jaw are

connected only by stretchable tissues called liga-

ments (see I-tcelunNr). The mouth can open very

wide. The snake gradually works its mouth over its

prey.'While doing this, the snake breathes by bring-
ing the windpipe opening forward to the front of
the mouth. Swallowing and digesting a large ani-
mal may take a long time, and some larger snakes

probably have only a few meals every month.
Most snakes lay eggs, but some species, especially

those that live in cooler climates, give birth to live

young. Adders often sun themselves for long peri-
ods to warm up the developing young inside thern.

In temperate zones, snakes may hibernate in the

winter (see utRERNMION).'When necessary, a snake

may estivate, or pass the summer in inactivity.
Some snakes grow a complete new skin several

times a year. They slip out of the old one, turning
it inside out, and leave it behind like a hollow tube.

This process is called molting.
See also MOLTING.

SNAPDRAGON th. snapdragons are flower-
ing plants that belong to genus Antirrhinwm of the

snapdragon, or figwort, family. They are native to

SNAPDRAGON

The snapdragon is a
popular garden plant grown
for its colorful two-lipped
flowers.
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westcrn North An'rcrica and Europc. Snapdragor"rs

irre conmonly cultivated in garde ns for their color-
firl two-lipped flowers. The f'lowers may be various

shadcs of whitc, ycllow, or purple. Thc two-lobed
Lrpper lip and the three-lobed lower lip are usr.rally

so tightly closecl that nrost irrsects c;ln lrot get insicle.

Only a flrv species of bees are able to pollinate these

flowcrs (scc POl.l.lNA l'lON).

See rt/so Irl.()wt'.R.

SNO'!$(/Snow is tinv crystals of froz-en wirter that
falls fiom the sky (see (ll{Ys'tAt.). Snow firrrns when

water vapor in thc air crystallizcs (see \AI'c)R). Thc
crystals are usually hexagonal (six-sided). However,

they m:ry form an infinite variety of sl'rapes. No two
strowf'l:rkcs arc cxactly alikc.

The air temperature between the cloLrds and the

ground nru.st be at or below 32"F [0"C], the Fr-eez--

ing point of water, for snowflakes to fbrrn. If the

temperature is near or at the freezing point, the

SNOW

The airtemperature between th. @
be at or below 32'F [0"C] for snowf lakes to form. lf the ground
is cold enough, the snow will collect (below), becoming a

nuisance for people and road traffic. But a sn0w scene can
also be beautiful, as in the picture (right) showing sn0w-
covered boulders in Yellowstone National Park, Wyoming.
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snowflakes arc largc ancl wet. At colder tenrpera-

tures, the snow is fine and clry. If the ground is colcl

enough, the snow may collect arnd get very dcep

(see I'RE(IIPITATIoN). Frcshly firllen snow reflects

about 95 percent of the sun's he:rt back into sprrce.

This is one reason why the te mpcratllre oltcn clrops

so low on winter nights.

Snow hars a number of be nefits. Accun'rulated
(collcctecl) snow insula.tes plants and hibcrnaring

aninrals during the severe winter months (see

IIIBI:RNA'l'lON). Mor-rntrrin sr.row is an importatrt
water source for rivers when the snow rnelts in the
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spring. Snow also provides a narural rnerhod of fcr-

tilization. When snowflakes are lrornred. sonle
nitrogen lrorn the air is contained in each flarke.

Later, whcn the snow melrs, some of this nitrogcn
enters the soil along with the water. This nitrogcn
is usecl by plants lor growth (see FF-R't'n.tzt.R;

NITR(X;[,N).

Permanent snow exists at the North and South
poles, in Greenland, and on some mountaintops.
Snow falls during the winter in most regions wirh
moclerate climates. ln thc United Stares, hcavy

snowfalls are usually associated with blizzards and
other winter storrrs. A blizzard is a storm wirh high
winds and temperatures well below freezing, as well

as large amounts of snow. The snow is blown about
by the fiercc winds, making it difficult ro see any-
thing at a distance. The snow may be blown into
huge piles called drifts. Sr,rch a storm can bring peo-

ple's normal activitics to a standstill.

SNO\ITDROP Snorudrop is the common name

for several herbaccous plants belonging ro genus

Galanthus of the amaryllis family (see AMARyt.t.ts

I;AMIIY; IlhILt3ACI-.()US PI.AN'l'). Snowdrops grow in
wooded arcas in parts ol Eu.rope and Asia. They
grow from bulbs and have two or three small leaves

and a short stalk with a flower at the top. The whire
flowers have three sepals and three petals (see

FLO\flllR).
-l'he giant snowdrop and the common snowdrop

are popular garden flowers that bloom in early
spring.

SNOSI LEOPARD The snow lcopard, alscr

known ars the ounce, is a large, heavily furrecl car. Ir
lives in the Himalayas and other mountain rangcs

of centralAsia. The animal is rarely lor-rnd below an

altitude of 6,000 ft. [1,800 m]. The snow lcopard

has a soft coat, which is pale gray with clark
splotchcs and a dark streak along the spinc. The
underparts are whitish. The cat grows to be about

7 ft. 12.1 rnl long, including the 3-ft. [0.9-ni] tail.
A snow leopard weighs from 50 to 90 lb. [23 to 41

kgJ. 'l'he female has ar gestation pcriod ol about
ninety days (see (lL,S'lAI'l()N PIT.RI()t)). tach litter
consists of two to four yollng. Snow lcopards I'runt

at night, feeding on various animals, such as wild
sheep and domestic livestock.

Snow leopards have been widely hunted For their
fur. Thcre are so few snow leopards left rhat thcy
are now classified as an endangered species.

See a lso ENDAN(;LRL,I) Sl)t-CI F.S.

SNOWDROP

Snowdrops bloom in early spring. They grow trom buLbs anO,
after h,ruo or three years, form large clumps as the bulbs mu ltiply.

SNO\T LEOPARD

The snow leopard lives in the high mountains of centralAsia
It is an endangered species.
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HOW SOAP WORKS

Molecules of soap and
detergent have a similar
structure, with a long "tail"
that dissolves in grease and
a smaller "head" that
dissolves in water. lt is
grease that holds dirt onto
cloth. ln water, the soap or
detergent forms ions whose
"tails" dissolve in the
grease and surround it,
forming a droplet called a

micelle. The micelles then
fl0at off the cloth.

Micelle
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Soap ir one of the most common cleansing agents

used by humans. Soap has a different chemical

makeup than detergent (see DEI'ERGENT). People

use soap to clean their skin, their clothing, and

many other objects. Soap is made by boiling fats or

oils together with an alkali (see ALKALI; FAI').
'Washing with water and soap includes a number

of complicated processes: wetting action, emulsify-

ing action, dispersing action, and stabilization.

\7ater by itself does not get through a dirry or oily

surface easily. Soap makes water "wetter" by lower-

ing its surface tension (see SURFACE TeNSIoN). This

helps the water pass into and through the dirt and oil
and remove them. Liquid molecules of soap scatter

throughout (emulsifr) the oil molecules so that they

float away with the wash water. Parts of the soap

molecules actually surround each oil molecule to do

this. Soap also disperses (separates) dirt into fine par-

ticles that are carried away by the wash water. Some

soils do not dissolve easily in water. Soap works on

these soils and slowly absorbs them into the suds in

a process called stabilization. Other actions, such as

agitating, squeezing, or rubbing, help loosen dirt
and oil so that they can float off in the wash water.

How soap is made Soap is made by two basic

methods: the kettle method and continuous pro-

cessing. In the kettle method, large kettles measur-

ing 1 5 to 30 ft. 14.5 to 9 ml in diameter and 45 to

60 ft. [ 3.5 to 1B m] in height are used. One kettle
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can produce ten carloads of soap from a single
batch of ingredients. Fats, oils, and sodium hydrox-
ide are piped into the kettle. Steam pipes heat the
mixture to a quick boil. After several days, the heat

is turned off, and tons of salt or brine (salt solution)
are added. The mixture is reheated, and it separares

into two layers. The upper layer, called near soap,

contains about 70 percent soap. T'he lower layer,

called rrigre, contains 15 to 40 percenr soap, glyc-
erin (a useful by-product), and remaining fats, dirt,
and coloring matter.

The kind of soap that is made depends upon the

raw materials that were pur into the kettle. Animal
fats, such as grease and tallow produce hard soaps

that do not lather in cold water. Vegetable oils make

soaps that lather in cold water but feel greasy. Most
soaps are made with a mixture of animal and veg-

etable fats. Soft soaps, such as those used in shaving

creams, are made by using potassium hydroxide
instead of sodium hydroxide as an alkali.

The neat soap is drawn off from the kettle
and poured into a giant mixing machine,

v which is called a crutcher. The crutcher
blends in other ingredients, such as per-
fumes, water softeners, colors, and germi-
cides (substances that kill harmful

r organisms such as bacteria). The soap from
{"r the crutcher is then used to make various

forms of soap, including soap bars, soap

flakes, and powdered soaps.

Continuous processes of making soap
were developed in the 1930s. They save time and
space, compared to the kettle method, and make

SOAP DETERG ENT

Sodium ion

SOAP

it easier to recover the glycerin by-product. One
type of continuous processing hydrolyzes (splits)

the fats in a wide, stainless steel tube that is 80 ft.

126 ml high. Fats are pumped in near the bottom,
and distilled water enters near the top. The mix-
ture is put under pressure, and the temperature is

raised to 500"F [260'C]. The fats rise in the tube
until they meet the water. The water separates the
fatty acids and glycerin, which are drawn off
through separate openings. The fatty acids pass on
to mixers where sodium hydroxide is blended in
to make soap. Another method, called the
Sharples process, mixes hot fats and oils with a hot
sodium hydroxide solution in a chamber. A cen-

trifuge then separates the soap and other by-prod-
ucts (see CENTRIFUCE).

History The first crude soaps were made in Italy
around A.t). 600. Fats or oils and potash (potassium

carbonate) were rhe ingredients. Around A.D. 700,
Spain became known for its fine casrile soaps,

which used olive oil instead of animal fat as a base.

For the next several hundred years, France became

the major soap maker in the world. The French

pioneered the use of perfumes and coloring agents

in soap. In colonial America and in the 1800s, peo-

ple saved all household fats and greases. They
boiled them together with a lye made from wood
ashes to produce a srrong yellow soap (see IyE).

Today, American soap companies are constantly
developing new soap products to keep up with buy-
ers' needs. The average American uses 25 lb. [11
kgj ofsoap a year.

SOAP AND DETERGENT
ste a rate,

\
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Sodium benzene
alkyl sulfonate

Sodium-'- 
benzene alkyl
sulfonate ion

Sodium ion

Soap consists of sodium
stearate. ln water, it forms
stearate ions, which react
with calcium ions in hard
water to form a scum of
calcium stearate.
Detergent is a salt of a

sulfonic acid. lt forms
sulfonate ions in water.
These ions do not react
with calcium ions, and as a
result, no scum is formed.

Stearate ion Solid scum of
calcium stearate

Calcium ion No scum formed
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SODIUM (so'de rm) Sodium (Na) is a common

metallic element that is silver colored, soft, and easy

to cut (see El.F.ML,Nr). It is very reactive and oxidizes

very quickly in air and loses its shiny apPearance

(see ClXttlXt'lt.)N AND Rh,DUCl'lON). When it comcs

into contact with water, it reacts violently. It gives

off hydrogen gas, which burns. To store pieces of
the metal, it is necessary to keep them away from

both air atrd moisture. 'l-his is normally done by

keeping them in containers, under kerosene or

:rnother light oil.
Sodium is so reactive that it is never found free in

nature. It is always combined with other elements

in compounds (see (IoMPOUND). The earth's crust

is made up of about 2.8 percent sodium' and

sodium salts are abundant. The principal salt in sea

water is sodium chloride (see SALTS; SoDIUM

cHLORrr)L-).

Sodium metal is a very good conductor of elec-

tricity (see iit)NDUC'flON oF F.l.t'-C'fRICt't'Y). Because

it is so reactive, it cannot be used to make wire by

itself. Howcver, cables of sodium sheathed (cov-

ered) in copper are sometimes used to carry a very

heary current. Sodium metal is prepared by the

electrolysis of moltetr sodir-rm chloride or sodium

hydroxide (see t t.t.u't'ttolvsIs).

Liquid sodium is used as a cooling fluid in some

kinds of nuclear reactors. Sodir"rm vaPor is used in

some street lights and autornobile lights. It glows

bright yellow when an electric current is passed

through it.
Sodium compounds have many uses. Chile salt-

peter is sodir.rm nitrate (see sALI I'F.f l-R). It is lound

in deposits undcr the ground in South Arnerica and

is used as a fertilizer in agriculture (see FF-RI'ILIZF-R).

Sodium tetraborate, also called borax, is used as a

water softener (see BoRAX). Various sodium com-

pounds are also used in fire extinguishers and soft

drinks, as food preservertives, and for flavoring var-

ious foods.

Sodium has the atomic number I I and the relar-

tive atomic mass 22.9t198. Sodiunr melts at 208"F

[98"C] and boils 'x 1,621 'F IBB l'C]. The chem-

ical symbol for sodiunr, Na, is short for the Latin

nante rtatrizzz. Sodium has a valence of I in its
compoutrds (sce VALt'-N(lF.). Thc elemcnt was

discovered by Sir Humphry Dary in 1807'

See AIso DAVY, SIR HUMPHRY; SOI)IUN4 BICARBONAI.L,.

SODIUM BICARBONATE (so'de am br k,ir'

ba nat') Sodir.rm bicarbonate is a white crystalline

powder used to make baking powder. It has the

chemical formula NaHCOj. Like all carbonates

and bicarbonates, it reacts with acids to form car-

bon dioxide gas (see AC.ID; cARBON Dloxll)h,). Some

kinds of seltzer tablets contain a dry rnixture of
sodium bicarbonate and a harmless acid, such as

citric acid. Vhen the mixture is dissolved itt water,

the compounds react to make a fizzy drink (see

COMPOUND). 
-l'he 

carbonarte helps neutralize excess

acid in the stomach. Baking powder makes dough

rise by giving off carbon dioxide bubbles when

heated.

Some kinds of fire extinguishers contain sodium

bicarbonate and a glass container of acid. Striking

the nozzle of the extinguishe r breaks the glass,

releasing large volumes of carbon dioxide gas uncler

pressure. The carbon dioxide pushes out a jet of
fireproof liquid, which can be directed at the fire to

smother it (see FIRh PRI'-.V[.N'I'ION-).

See also SOI)IUN{.

SODIUM CHLORIDE (so'de am kl6r'rd')
Sodir-rm chloride is bcst known as common salt. It
has the chemical formula NaCl. Sodium chloride is

a very common compound, found in many forms

on Earth. It is found in sca water, which contains

about 3 pe rcent sodium chloride . The Dead Sea, an

inland sea, contains about 22 percent sodium chlo-

ridc. (loncentrated solutions ol sodium chloride

and water, or brine, occur natur:rlly underground.

Lumps of sodium chloride, called rock salt, are also

found in the ground (sce nocr sAtf). In some parts

of the world, there are huge underground deposits

of salt that can be mined. fhese are probably the

remains of inland seas that have dricd up.

Sodium chloride hars many uses. It may be r-rsed

to prepare metallic sodir-rm (see stltlttlrt)' It is

used in making soap and to preserve hicles in

leather making (see scl,qp). Sodium chloricle is etlscr

used in the ceramics industry, to proclttce a glaze

finish on pottery. In winter, soclium chloricle may
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bc used to help rnclt ice and snow on roads.

Sodium chloride, also called table salt, is used to
preserve fish and other meat and to flavor foocl.

Table salt has small quantiries of additives.
Magnesium carbonate is added to soark up water
and to keep the salt dry and free running.
Potassium iodide is adcled to make sure there is
iodine in the diet. Iodine prevents the development
of goiter, a disease of the thvroicl gland (see IODINE).

Sodium chloride is present in thc blood of ani-
mals in a corlcentration of about 0.6 percent, and
it is found in tears, sweat, and other body secre-

tions. Humans must eart small quantities of salt to
stay healthy. On the other hand, roo much salt can

upset the body chemistry. It may be a factor in high
blood pressure.

See a/so (.Hl.ORIDl:: I)lE'l'.

so
in order to perform. For example, a svstems pro-
gram may tell a compllrer ro display lerrers, num-
bers, or other symbols that have been pressecl on a

keyboard. Systems programs are oftcn stored in the

part of the computer lnemory called read-only
memory (ROM).

Other kinds of software are called applications
programs or processing programs. Sr.rch programs
provide the instructions the compurer needs to per-
form tl-re special tasks thar thc operator requesrs,

such as word processing. Applicarions programs are

often stored in the random-access memory (RAM)
Applications programs can be wrirren in various

"languages," depending on what the programs are

used for. For example, FORTRAN is a language

that is used for complex bu.siness, tecl'rnical, and

scientific programs for minicomputers or nriclo-
computers. ('ORT4Aw is short for 'firmulLt trd/^-
lation." BASICI is a langr-rage that is usecl ro rvrite
simple programs for minicornputers or microconr-
puters. BASIC is short for "Deginner's zzll-purposc

,ymbolic irrstruction rode." 'Il'rc person r.r'ho is
writing the program learns the n-rles irncl r,oc:rbulrn,
of the langu:rge. He or she can then rvrite a cleririled

program that tells the computcr exacrly whrrt to clcl

and how to do it. C)nce the compllrer receives these

instructions, they are manipulated br. 1l svsrems

program called :r l:rnguage rrarrslaror. A lrrnqtrage

translator changes the program inro a fbrm rhat rhe

colxputer harclware unclerstands.

Writing sofnvare is often a clilficLrlt job rhat is lefi
to trainecl cxperts. Howcver, the computer inclustrr.
is developing wavs to nrakc writing sofru,.rrc c.rsicr'.

For exanrple, special langtrrrgcs called aurhorir-lg
langu:rges have been cleveloped. Authoring lan-
guages allow ;leople who rlre nor trainecl experrs ro

write softrvare. Authoring lar-rgtrages often rvork bv

askins questions of the user ro leac{ hirr or hcr
through the u,riting of a parricular sofrrvare . Sonre

softr'vare, such .is neural nenvorks. lrlso nrrrl<es use ol
artificial irttelligence (see ,\R'l'lpl(.1,{t. tN I'tll tt-
(;l:N(lF-). Artificial ir-rtelligcnce nterlns thrtt the sofi-
ware can "tl-rink" and "reason." This nrcrlrs rhrrt thc
software crln "relne mber" its past mistlrkes rrncl not
make then'r agrrin. Ir gcts better ar solr,ing prroblenrs

hv lt'rtrrr ing, lrottt t'xPcricncc.

Chloride ion Sodium ion

SODIUM CHLORIDE
An ion is an atom (or group of atomslthat has lost or gained
0ne 0r m0re electrons, leaving it with a negative or positive
charge. Sodium chloride forms crystals in which sodium ions
and chloride ions are bonded t0gether in a cubic
arrangement (called a crystal lattice). The ions separate
when sodium chloride dissolves in water.

SOFTS(ARE Sofutarc rcfers to rhe programs, or
sets of instructions, used by comptrters (see c-()N{-

PLtTnR). Some scicntists also include rhe data
(inforrnation) that the conrputer manipulates in
the definition of software. In cc'rnrrasr, hnrdu,arc
refers to thc electronic ancl mechirnical devices,

such as a keyboard ancl disk drive, of a colnpLlrer.

Sorne kinds of softwarre are called sysrems pro-
grams or operaring programs. Strch programs pro,
viclc tl're b:rsic instructior-rs that rhc computer ncccls
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Soil is the grauulrrr (consisting clf grains) matcrial

that fbrnrs the to1'r layer of t'r'ruch ol the lancl ou

h,irrth. Soil is mrrde up of grottnd-r.tp rocks, uritrcr-

rrls, orgar.ric (c:rrbot-t-containing) nlattcr, water, atld

air. Soil is trecessrrry fbr lifb on Earth. Plants nced

soil to grow. Animals, irtch,rclitrg humans, eat the

plants (sce F(X)l) c;tt,ltN).

Soil formation and composition Soil for-

mrrtion begins with the breirkdown of rocks at the

surface. 'fhis breakdown is caused by weathering

(see Rt)(.K; \\/t.Al ltr'.ntNc;). Ritin, snow, ice , and run-

ning wrrter all help reduce large rocks into smaller

fragments. Thc initial procluct ol weathering is a

ratl.rer stony material called parent soil.

A number of forces work to break down the par-

ent soil even further. \Weathering still plays a lead-

ing role. Rain dissolves some of the minerals in the

parent soil (see lttNt,n,tt ). If rainwarter-wl'rich gets

into air spaces in the soil-freezes, it expands and

causes rock fragments to split and break. ln addi-

rion, lichens and other simple organisms live on

rock fr-agments. They produce acids, which help

break down the minerals in the rocks. This quick-

ens the soil-forming process.

Organic lnatter called humus is constantly being

added to the parent soil by the action of many types

of bacteria, fungi, arnd other microscopic organisms

(see B,\CTERIA; FUNCUS; HUMUS; MICROORGANISM).

The microorganisms, which live in the soil, help

decon'rpose dead plants and animals to form
humus. Humus helps loose soil grains stay

together, so they resist erosion (see EROSION; SOIL

EROSIoN). Humus also makes the soil more fertile.

Fertile soil is soil that contains many nutrients
(nourishing substances) and can support abundant

plant life.

The process of soil formation takes long periods

of time. It can take up to a thousand years to pro-

duce I in. 12.5 cml of fertile soil. \When fertile soil

has finally formed, it consists of many tiny parti-

cles. The spaces between the soil particles contain

air or water. The three marin kinds of particles are

sand, silt, and clay. Sand particles range in size from

0.0025 to 0.08 in. [0.064 to 2 mm]. Silt particles

range in siz-c front 0.0015 to 0.0025 in. [0.038 to

0.0(t4 rnm]. Clav particles rrre smrrller than 0.0015

in. [10.0-]B mm] (see (ll.AY; sANL); Slt.l). Qr,rartz and

feldspar are cornmonly fbund in sandy and silty

soils (see t;t.t.l)sPAI{; QTJAI{'l'7-). Mica ar"rd vermi-

culite, along with minerals forrled as feldspar

breaks clown, are among the minererls found in
clayev soils (see Nll(lA).

Hunrus merkcs up only about l0 percent of most

soils, with rock fragments making up thc retnait.r-

ing 90 percent. The small percentage of humus

A-ho rizon

B - ho rizon

C-ho rizo

SOIL LAYERS

The cross section (1) illustrates the layers of soil called
horizons. The A-horizon is rich in organic material. The

B-horizon contains many minerals. The rocky C-horizon is a
transition zone between the bedrock below and the looser
horizon above. The topsoil and upper layer (2) provide homes
for burrowing animals such as moles and earthworms. ln

close-up (3), the spaces between the soil particles are seen
to be occupied by mites and nematode worms.
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POOR SOIL

The amount of organic material in the soil varies according to
the type of soil. The soilformed in the arid region pictured
above is called aridisol. Aridisols contain only small am0unts
of organic material.

makes the soil suitable for plant life. Some of the

water that cnters the ground dissolves soil to form
a soil solution. Plants get their water and nutrients

from this solution.

Soil layers Deep, well-developed soil is made up of
three layers called horizons. The top layer of soil,

where most plants grow, is called the A-horizon. The

A-horizon is also called the topsoil and is often over-

lain by a layer of humus. This layer is rich in organic

material and contains some minerals. However,

most of the minerals in the A-horizon have been

washed away or have seeped down to the middle

layer, called the B-horizon. Farmers often mix the

A- and B-horizons when plowing their fields. The

bottom layer of soil is called the C-horizon. The
C-horizon is quite similar to parent soil. This layer

represents a transition (passage from one place to

another) zone between the earth's bedrock and the

looser A- and B-horizons (see sEonocr).

Soil types Soil is not the same every place on

Earth. Differences in climate, shape of the land-

scape, vegetation (plant life), and the amount of
time in which the soil has formed can affect the

kind of soil found in an area. Different soil charac-

teristics can be indicated by color, texture, and

chemical properties.

Colors of soil range from yellow to red to black.

Soil scientists can tell much about the chemical

makeup of a soil by its color. For example, darker

colors usually indicate a higher percentage of
organic matter.

The size of the soil particles-that is-whether
they are clay, sand, or silt-determines the texture

of the soil. Soils are clayey, sandy, or silty, depend-

ing on how much of each of these kinds of particles

the soils contain. Loam is a very fertile soil with
equal amounts of sand, silt, and clay (see LOAM).

Soils can also be acidic, alkaline, or neutral.
Extremely acidic or alkaline soil does not support

plants as well as neutral soil. The most fertile farm-

lands have neutral soil (see ACID; ALK{LI).

The system used by most soil scientists classifies

soils into ten types. Alfisols occur under forests and
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grasslands in nroist climates. Aridisols occur in dry
regions and contlrin only sn'rall amounts clf organic

matter. Entisols resen'rble parent soil ancl are Found

in all clinratcs. Histosols contain a large amount ol
organic material and are founcl in water-saturated

areas, such as swamps. lnceptisols are slightly more

developed than entisols. They are more cotnmon in

moist and semimoist climates. Mollisols develop in

prairie regions. They have topsoil that is rich in
organic material. Oxidols havc a rcddish color and

occur in tropical regions. Spodosols contrritr irotr,

aluminum, and organic material in their B-horizons

and are found in moist climates. Ultisols arc moisr,

acidic soils that are found in moist climates.
Vertisols harve a large content of clay and are found

in scnrimoist and dry, warm climates (see CI IMATE).

Soil use and conservation For hu.mans, the

most valuable usc of soil is the growing of food.

Fertile soil is necessary lor farming. However, sonte

unwise farming practices endanger the soil. For

example, plantir-rg thc same crops year after year

tends to rernove certain nutrients from the soil. To

replace the nutrients, synthetic (human-made) fer-

tilizers are often added. These fcrtilizers may con-

taminate the water that runs off the soil. C)ther

chemicals added to soil, such as pesticides, may also

contaminate water runofl. Thc cot'rtaninated water

reaches lal<es ancl streams and filters through the soil

to aquifcrs. 'l-his is clangerous to humans because the

contaminated water may be uscd for drinking water
(see nqUtlt,R; I;F.l{l-ll.l1-F-R; l)L.S'l l(ilI)tr). Sr-rch chemi-

cals, if used over a long period of tirne, actually
reduce thc fcrtiliry of the soil because tl'rey dcstroy

hu.mus and organisms that live in the soil. ln addi-

tion, clea.ring trees off land for farming and excessive

plowing often incrcasc soil erosion. Irrigation can be

harmlul if salty water is used. Crops cannot use the

salt in the water. Over time, the soil may become too

salty for crops ro grow in it (see tnntcArtoN).

Certain farming practices can conserve the rich-

ness of the soil. For example, different crops can be

planted in the same field each year. This practice,

called crop rotation, preserves nutricnts and may

even add nutrients to the soil. Certain fields can be

planted with a cover crop instead of a food crop for
several years. Cover crops, which are not harvested,

help preserve nutrients and add nutrients to the soil

as well as control soil erosion. A method callcd inte-

grated pest management can be used to decrease

the amount of pesticides used. In this method, nat-

ural enemies arc also used to fight off pests.

Se e d lso AG RI CIU l- l'U RL,; BIOLO(I I(IAL CONI'RO I..

RICH SOIL

Soil is one of the earth's
most important natural
resources. Careful farming
practices can keep soil
fertile and prevent its loss
due to erosion.
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SOIL EROSION (soili ro'zhan) Erosion is the

gradual wearing dowrr and carrying away of the

earth's materials (see t-nctstctN). Soil erosion is a

kind of erosiotr in which soil is moved from one

place to another by natural means (see SOIt-). \Wind

blows soi[, and moving water washes soil away.

Normally, soil erosion occurs slowly over a very

long time, because vegetation-such as trees and

grasses-holds the soil in place. However, such nat-

ural occurrences as forest and prairie fires can strip

the land of its protective vegetation cover. People

also can cause soil erosion to happen much more

quickly than normal by allowing grazing by farm

animals and by digging and building on steep

slopes, cutting down trees, and plowing the land

for crops. The rapid soil erosion that results from
such activities can be very harmful.

Besides blowing and washing away, the soil can

also be "worn out." Soil has nutrients (nourishing

substances) in it that arllow plants to grow. Each

plant needs different types of nutrients. 'fhis fact

hclps explain why various plants grow well in some

soils and not in others. -i7hen farmers plant the

same crop in a field year arfter year, the nutrients the

crop needs become used up. That crop and other

similar plants will not grow well in the area until
the nutrients in the soil are replenished.

Erosion by water Erosion often starts when rain

strikes bare soil. l-arge amounts of rain washing

down a sloping area pick up loose soil and carry it
away. As soil is carried away, two rypes of erosion can

occur. Sheet erosion carries away much of the top

SOIL EROSION

Without a covering of plants, soil can be washed away by
rain and blown away by wind. The result of this erosion is a

desolate, infertile landscape.

layer of soil, called topsoil, at a time. 'l'his leaves an

entire area bare. (lulley erosion causes deep ditches

that grow longer and deeper with each rainstorm.

Erosion by wind Winds can lift the valuable

topsoil from one area and bury another area with it.

Strong winds can carry soil hundreds of miles.

Wind erosion occurs most often in dry regions. In

the 1930s, serious wind erosion occurred in the

midwestern section of the United States. A long

drought and destructive larming practices killed
much of the prairie grasses. Then, strong winds

were able to blow tons of soil away (see DROUcIH'I').

The region affected was called the Dust Bowl.

Effects of soil erosion Soil erosion does more

than take away valuable soil. When gullies form,

they can cause sidewalks, roads, and buildings to
cave in. Also, eroded soil often ends up in lakes and

rivers. This causes the water to become muddy and

warm. Besides making the water less attractive to

swim in and drink, the soil kills fish and other

organisms living in the water. Also, when rivers and

lakes become clogged with soil, flooding becomes

more frequent. This can change an entire ecosys-

tem (see t-cosYSTEM).

Prevention of soil erosion Erosion is said to

occur when the rate of soil loss is more than 1 in.

12.5 cm) per one thousand years. This is because

soil is made by natural processes at the rate of about

1 inch per one thousand years. The ideal soil-loss

rate is very difficult to maintain in any areas where

people live. However, certain practices can bring
the rate close to the goal of less than 1 inch lost per

one thousand years. Many of these practices

involve farming methods. For example, farmers can

plant cover crops on certain fields instead of food

crops. These crops, which are not harvested, help

hold the soil in place and replace nutrients. No-till
or conservation tilling may be used. Tilling
involves plowing. No-till or conservation tilling
involves leaving a certain amount of stems and

roots from the previous crop in the field. The stems

and roots help hold the soil in place between the

time one crop is harvested and another crop is
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planted. Contour plowing and strip cropping also

can help reduce soil erosion. In contour plowing,
the farmer plows along the curve of a slope, rather

than up and down. This slows the flow of rainwa-

ter. In strip cropping, grass is planted between

strips of crops to slow the flow of rainwater.

See also Ae RIcutruRE.

SOIL MECHANICS Soil mechanics deals

with the ability of soil to support buildings, dams,

and other structures. Different soil types have dif-
ferent abilities. Engineers must find out the type of
soil at a building site before they begin to build
something.

Soil is the grainy matter that forms the top layer

over much of the land surface on Earth (see soIL).

Soil is made of tiny particles. These particles form the
"skeleton" of the soil. Between the particles are tiny
spaces called pores. These pores are partially or com-

pletely filled with water. \When a hear,y load is placed

on the soil, water in the pores is squeezed out. This is
similar to the way water is squeezed out of a sponge.

How easily the water can be squeezed out of the soil

determines whether an area will be easy to build on

or not. Knowing the type of soil helps engineers

design the best type of foundation for the site and for
the structure that will be built there. The foundation
is the main support for a structure. There are three

main types of foundations: spread, pier, and pile.

A spread foundation evenly spreads out the
weight of a structure on the soil. Spread founda-
tions are usually made of reinforced concrete. The
concrete extends outward from the edges of the

structure. This type of foundation prevents uneven

settling of the structure .

A pier foundation consists of heary pillars of con-

crete that go down through the soil to the bedrock
(see BEDRoCT). If sand, gravel, or clay occurs at the

base of the foundation, the pie rs are made larger at

the bottom. This enlargement improves the foun-
dation's ability to support the structure.

A pile foundation consists of long concrete, steel,

or wood columns called piles. These piles are dri-
ven into the ground-if possible, to the bedrock.

Pile foundations are used for bridges, dams, and
many skyscrapers (see PiLING).

Soil mechanics has various applications in the

construction of walls, tunnels, highways, and other
structures.

See also BUILDING coNSTRUCI'IoN.

SOIAR CELL A solar cell is a device that con-

verts the sun's light into electricity. Solar cells are

made of thin slices of semiconductor material.
Semiconductor material conducts electricity well
when it is heated and when light shines upon it (see

CONDUCTION OF ELECTRICI-I.Y; ELECTRICITY; SF,MI-

CONDUCTOR).

Each solar cell can produce only a fraction of a

volt of electricity. To produce larger quantities of
electric current, it is necessary to link together great

numbers of cells. The cells are joined together in
large panels, which are placed to gather the sun's

rays. The electricity produced by solar panels may

either be used immediately or stored in electric bat-

teries for later use (see BATTERY; CURRENI, ELEC-

TRIC; VoLl').

Solar cells have many different uses. For example,

they are often used to power calculators (see ctAL-

CULATOR). In space, where the supply of strong
sunlight is unlimited, solar cells are particularly
useful. Nearly all artificial satellites receive electric

power from solar cells. Special devices ensure that
the solar panels are directed to get the most light
from the sun.

See a/so ENERGY; PHOI'OELECTRIC F,FFECT; SATEL-

LITE; SOLAR ENERCY.

SOI-AR CELL

A solar cell can be used to power a pocket calculator.
The solar cell is the small panel below the figures.
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Solar en.rgy is radiation from the sun that can

produce heat directly or be converted into elec-

tricity (see ELECTRICITY; RADIATION; SUN). Most
of the energy on Earth comes from the sun.
People use much of this solar energy indirectly.
For example, solar energy has given us, through
certain processes, fossil fuels, such as coal and oil
(see nosstl FUEL).

The sun evaporates water and produces rain
and thus bodies of water, such as rivers. Such

bodies of water are a source of hydroelectric
power (see HYDRoELECTRIC PO\fER). The sun's

rays, which are strongest at the equator, warm the

air there. The warm air rises, and the cooler air
from the North and South poles moves in to
replace it. This movement of air helps form wind
currents. \X/ind can be used to turn turbines. The
turbines drive generators, which produce elec-

tricity (see TURBINL,; wlNIl). However, the
amount of solar energy reaching the earth
directly in the form of light and heat is far greater

than all the indirect sources combined.

soLAR POVTR
This experimental bicycle
(right) runs on solar power
Most of the top of the
machine is covered with
solar cells, forming a large
solar panel. The cells
produce electricity which
powers an electric
motor to drive the
rear wheel. 0n a

long run, the
bicycle reached a

speed of 30 m.p.h.

la8 kphl.

Soren ENERGY

SOI-AR HEAT COLLECTOR

This diagram of a solar heat collector shows the glazing
at top, followed by the absorber plate, followed by the
box that contains the glazing and the absorber plate.

Solar cells
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SOLAR ENERGY

SOTAR OVEN

This solar oven has several mirrors t0 c0ncentrate the heat
ofthe sun. Here it is being used to bake bread.

Although the amount of solar energy reaching

the carth as heat and light is huge, it is difficult to
collect. Most of the earth's surface receives suu-

light for only part of the twenty-four-hour day.

Only during summertime at the poles is there

constant sunshine. Particles in the earth's atmos-

phere absorb (soak up) or reflect heat and light
from the sun. In addition, the heat and light that
reach Earth are llot concentrated but instead are

spread oLlt over a large area.

Scientists have developed various devices to try to
collect as much of the slrn's energy as possible . One

of these devices is the solar cell. A solar cell converts

the sun's light into electricity (see sol-nn cELL). Solar

power plants use lens systems to focus the sun's light
onto a particular area. This produces a high tem-

perature, which can be used to boil water. Boiling
water produces steam. The steam carn be used to

drive steam engines or turbines (see S'l't'.AM EN(llNlr).

Very high tenrperatures can be producccl in a

device called a solar furnarce. A solar furnace has a

large parabolic (dish-shaped) mirror. The shape of
the mirror reflects and concentrates parallel light
rays to a small point. The rnirror is adjusted to fol-
low the sun's movement in thc sky. Even small solar

furnaces can produce temperatures up to 3,600'F

12,000"C1. Simpler devices called solar ovens are

used for domestic purposes, such as cooking.

Devices used to heat homes imitate nature's

greenhouse effect (see (;REENHOUSFI F.|f F.Cl'l'). 'l'hese

devices use glass or plastic material that lets the

sun's light in but prevents the sun's heat from escap-

ing. Another device used to heat homes is called a

solar heat collector. A flat-platc collcctor absorbs

sunlight on a sheet of blackened metal (called the

absorber plate) that is covered with a sheet of glass

or plastic (called the glazing). The color black

absorbs light better than any other color. The glass

or plastic keeps the heat from escaping. Water flow-

ing in pipes behind the metal absorbs the heat. The

hot water is r-rsed to heat the horne.

See dlso F.NF-R(lY; FLltrt.; INSL.TI.ATIoN; SL,rN.
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The sola, system consisrs of rhe sun and all the
bodies that revolve around it, including comers,

meteoroids, moons, planets, and particles called
interplanetary dust (see COML,'I'; ML.'fF,OR; MOON;

I'}LANL-f; SuN). The solar system is a very small part
of the galaxy called the Milky Way (see (iALA)iy;

M]I,KY \(/AY).

Thcse revolving bodies arc kept in fairly stable

orbits by the gravitational pull of the sun (see

CRAVI'rY; oRBIT). The speed of the revolution of
each body depends on the size of its orbit and its
distance frorn the sun at any givcn time. Planets

close to the sun travel at faster speeds than those

farther away.

Sornn SvsrEM

Our sun is the only star definitely known to have

a planctary system (see s-ren). However, scientists

have begun to find evidence that other stars in our
galaxy might have planets of their own.

The sun The sun is a medium-sized star ancl is

865,000 mi. [1,392,000 km] in diameter. The sun

is so large that over one million planets the size ol
Earth could fit inside it. Scientists have also calcu-
lated that if all the parts of the solar svsrem were

weighed, the sun would make up 99 percent of the
solar system's weight.

The sun and the othcr stars that belong to the
Milky tiTay revolve around the center of the galaxy.

THE SUN'S FAMILY
The solar system consists
of the sun and the nine
planets that orbit the sun.
It also includes comets and
meteors, and small rocky
lumps called asteroids and
meteoroids. Shown in the
diagram are the orbits of
the planets (1 ) Saturn,
(2)Jupiter, (3) Earth, and
(4) Mars; (5) the asteroid
belt; asteroid orbits of (6)

the Trojans (asteroids in
Jupiter's orbit), (7) Hidalgo,
(8) 1983 TB, (9)Apollo, (10)

lcarus, and (1 1 ) Eros; and
meteorite orbits of
(12) Pribram, (13) Lost City,
and (14) lnnisfree.
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The entire solar system is moving along with the

sun in its orbit. The sun revolves slowly in a coun-
terclockwise direction.

The sun produces tremendous amounts of
energy. This energy travels in the form of electro-

magnetic radiation-gamma rays, X rays, ultravio-
let rays, visible light, infrared rays, and radio waves

(see F,l.F,CI'ROMAGNt-rl(l R{DIATION). J'he sun also

casts off streams of charged particles in what is

called the solar wir-rd. These particles move at high

speeds through the solar system and eventually
form part of the gaseous matter of space. The solar

wind is partly responsible for auroras on Earth (see

AURORA.; SOLAR \YIND).

Major planets A planet is a body that revolves

around the sun and gives off no light of its own.

There are nine known major planets. All the major

planets except for two, Mercury and Venus, havc

one or more natural satellites, or moons, orbiiing
them.

The planets are divided into two main groups.

The ones closest to the 5sn-[311h, Mars,
Mercury, and Venus-are called the inner, or ter-

restrial, planets. They are similar in size and are

made of rocky mate riaI. Terrestrial means "relating

to land." The planets farther from the sun-
Jupiter, Saturn, lJranus, and Neptune-are called

the outer, orJovian, planets. Jouian means "relating

to Jupiter." The outer planets differ greatly from
the inner planets. Most of them are quite large. For

example, Jupiter's diameter is more than eleven

times the diameter of Earth. Also, the outer planets

consist mainly of the gases helium and hydrogen

(see HELIUM; HYDROGL,N). Scientists put the far-

thest planet from the sun, Pluto, in a category by

Pluto Neptune Uranus
3.66 bil. m. 2.795 bil. m L78 bil. m.

VITAT STATISTICS

The relative sizes of the
planets and their distances
from the sun are given in
the composite diagram
(above, top) produced by
NASA. The diagram above
is a view of part of the solar
system looking toward the
earth from near the
m00n.

Satu rn

886 mil. m.

ir:t

Mars Earth Venus Mercury Sun

141.5 mil. m. 93 mil. m. 67.23 mil. m. 36 mil. m.
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itself. Little is known about the surface of Pluto
because it is so far away. Scientists believe it is made

offrozen gases.

Apparently, Earth is the only planet that supports
life as we know it. Astronauts did not find any sign

of life when they visited the moon. Space probes

that have visited other planets also have not found
any signs of life (see nt.eNnTS, VOL. 23; SI,ACL.

EXPI,OR"{TION).

Asteroids In addition to the major plan-

ets orbiting the sun, there are also

many irregularly shaped lumps
of rocky material. These

are called asteroids
(see AS'l'EROI I)) .

Asteroids are known as minor planets. Asteroids

were first discovered in 1801. Some asteroids are

very small, with diameters of 700 ft. [213 ml or
less. Others, however, are much larger. Ceres, the

largest asteroid, has a diameter of 579 mi. [932
km]. There are thought to be about a million aster-

oids larger than 3,300 ft. [1 km] in diameter.

SOLAR STSTEM

FORMATION OF THE SOIAR SYSTEM

The formation of the solar system is shown
in five stages (below): (1) dust and gas form
a spinning cloud; (2) the cloud flattens and
the sun begins to form at the center;
(3) the younq sun throws out matter
f rom its poles; (4) the sun
becomes a normal star; and
(5) the planets form out of
matter that remains.

The orbits of most asteroids are in the asteroicl

belt, which is between the orbits of Mars and

Jupiter. Sometimes, asteroids hit other asteroids or
even major planets. $7hen this happens, chunks of
rocky material from the asteroid are thrown loose.

Some scientists believe that meteors form when this

rocky material enters Earth's atmosphere. Meteors

result in bright streaks of light.

Comets A comet has a center that ranges in size

from about 0.17 mi. 10.27 kml to about 6 mi.19.7
km] in diameter. A comet often has a long tail that
can stretch many millions of miles. Most scientists

think a comet is made up mainly of dust, lrozen

gases, and ice. 'When the orbit of the comet brings

it close to the sun, the gases vaporize to lorm a

cloud around the center called a coma (see vnpcx).
$7hen the comet gets even closer to the sun, these

gases may be forced away from the comet, forming
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the tail. More than 700 cornets have been discov-

ered so far: about six new ones are discovered each

year. Some, such as Halley's comet, are in orbits
that bring them clo.se to Earth at regular intervals.

Meteoroid Meteoroids are relatively small pieces

of rock that orbit thc sun. Meteoroids are generally

smaller than asteroids. Scientists are not sure where

meteoroids come from. Some believe they form
from the tails of comets. Others believc they come

lrom shattered asteroids. tJ7hen meteoroids enter

the earth's atmosphere, the heat caused by friction
produces the bright light of meteors (see FRIC-

TION). Some meteors become so bright that they

can even be seen during the day. A very small per-

centage of meteoroids hit the earth's surface before

they can burn up. 'l'he meteoroids are then called

meteorites.

Birth of a solar system Scientists have been

trying to explain the "birth" of our solar system for
hundreds of years. Because of the flood of informa-
tion from modern instruments, scientists have a

ge neral idea of how the solar system was formed.
The solar system began with the birth of the sun.

The sun began to form about 4.6 billion years ago

in the middle of a great cloud of gas and dust called

a nebula (see NF,BUI-A). The middle of this nebula

began to spin and collapse in on itself, possibly trig-
gered by the explosion of a nearby star. As the spin-
ning part continued to collapse, gravity caused it to
pull more and more material from the nebula into
it. A dense region, called a protostar, was formed.

This region was under great pressure, and the tem-

perature at its core, or center, began to climb. The
temperature eventually reached the millions of
degrees Fahrenheit needed for fusion to start. In
fusion, two or more atomic nuclei (plural of
nucleus) combine to form a new element. In the

process, a small amount of mass is converted to a
huge amount of energy. The sun's fusion combines

the nuclei of hydrogen atoms, forming a helium
atom and releasing energy (see ATOM; ELEMENT;

FUSION; MASS; NUCLEus). 'W'hen fusion began, the

sun was born. 'I'he sun will continue to undergo

fusion until it uses up all its hydrogen.

As the sun was lorming in the middle of the neb-

ula, other parts of the nebula slowly came together

and cooled, forming the nine major planets. 'fhe

outer planets formed in the cooler outer regions of
the nebula, while the inner planets formed closer to

the sun.

Exploring the solar system For thousands of
years, humans' study of the solar system was limited
by their eyes and, eventually, earthbound tele-

scopes. That changed, however, in the 1960s, when

modern rockets and other technological advance-

ments made space exploration a reality (see

ROCKE'I'). Since then, artificial satellites, space

probes, and space telescopes have helped scientists

unlock some of the solar system's secrets (see sxt'El--

Ll'l'L,; 'I'L,LESCOPE). Some space probes have sent

back very detailed and often surprising images of
other planets and their moons. In 1 977 , the United
States launched two Voyager probes. Voyager 1flew
past Jupiter and Saturn. Wyager II flew past Jupiter,
Saturn, L)ranus, and Neptune, sending many beau-

tiful pictures of the planets back to Earth. Other
probes have not been so successful. In 1993, the

Mars Obseruerwent silent, and was presumed lost,

as it was about to enter orbit around Mars. In 1995,

the U.S. probe Galileo reached Jupiter after a six-

year journey from Earth, but it was hampered by

equipment trouble. Some space probes have even

landed on other planets. For example, the Wnera

space probes, which were launched by the former

Soviet Union in the 1960s, 1970s, and 1980s,

landed on Venus. The Viking space probes, which
were launched by the United States in the 1970s,

landed on Mars.

Other solar systems and life Because the uni-
verse is so huge-almost unimaginably huge-
many scientists believe that there are other
planetary systems. Some scientists go even further.
They believe that life probably does exist in these

other planetary systems, and this life may be as

advanced or even more advanced than life on
Earth. Many scientists have devoted their research

to proving the existence of life in outer space.

See also EXOBIolocY; UNIVERSE.
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SOLAR \UfiND The solar wind is the constanr

flow of charged particles from the sun. These par-

ticles include protons, electrons, and some nuclei
(plural of nucleu) of heavy elements (see Rt'ctttl;

L,LL,C'l'RON; h,t-h,MF-NT; PROTON). The solar wind
streams from the sun through outer space at speeds

of about 300 mi. [480 km] per second. It takes the

particles about 3112 days to reach the earth. The
solar wind is much stronger during periods of
sunspor activity (see suNsl,ctr).

The solar wind causes the tails of comets to point
away from the sun (see Covnt). It also causes mag-

netic storms, which may disrupt radio and televi-

sion communications (see IvncNnrtc sroRM). The
solar wind causes ionization of the gases in the

upper atmosphere, resulting in the colored lights
known as an aurora. 'fhe solar wind also helps form
the Van Allen belts. The Van Allen belts are rwo

zones of electrically charged particles that surround
the earth.

See also ATMOSPHERE; AURORA; IONS AND IONIZA-

TION; SUN; VAN AI-I,F,N BF.,I:I-S.

SOLDERING AND BRAZING Soldering
(s6d'ar ing) and brazing (braz'ing) are methods of
joining two pieces of metal together with a firm
metal bond. The joint may be made with a pure

metal or with an alloy of two or more different met-

als (see ALLOv). The metal or alloy is called the sol-

der. A solder with a low melting point is called a

"soft" solder. A "hard" solder has a high melting
point. \With very hard solders, the melting point
may be very nearly the melting point of the pieces

of metal that are to be joined. Therefore, the use of
very hard solders requires considerable skill.

For most soldering, soft solder alloys of tin and

lead are used. Such solders melt at a temperature of
about 446F 1230"C). They often contain a little of

the element antimony to add strength. Soft solder-

ing is widely practiced in plumbing, to mend and

join pipes. In the electrical industry, the wires and

leads of components are soldered into the circuits

of radios, television sets, and other electrical equip-
ment. The metal joint ensures that there is good

electrical connection between the parts. The sol-

dering operation is carried out with either a solder-

ing iron or a gas blowtorch. The pieces of metal are

heated, and the molten (melted) solder is allowed

to flow into the joint. The solder then cools, unit-
ing the pieces.

\When a precious metal such as silver or gold is to
be soldered, a hard solder is used. A typical silver

solder contains about 60 percent silver, 30 percent

copper, and 10 percent zinc. lt melts at about
1,350'F 173o"Cl.

Brazing is soldering using a solder that melts at

temperatures above 840"F [450'C]. The work is

heated with a blowtorch or may be put into a fur-
nace. Steel is commonly brazed with copper in this

way. Copper foil is put between the steel parts to be

joined, and the work is passed through a furnace at

a temperature that will melt the copper but not the

steel. When the copper cools, the pieces are firmly
united in a solid bond.

In both soldering and brazing, the pieces to be

united must be absolutely clean. Otherwise, the
joint will be ruined. Immediately before soldering

is undertaken, the surfaces are cleaned chemically

to remove grease. To remove oxides from the sur-

faces, and from the solder, mixtures of substances

called fluxes are used. A flux prevents the formation
of oxides during heating. Fluxes for soldering
include resins, zinc chloride, and phosphoric acid.

They may be mixed with petroleum jelly so that
they are easy to apply.

See also FLUX; ox[)E.

SOLDERINGAND BRAZING

An electric soldering iron (above) has a metaltip that is
heated by a high-resistance wire that is inside of it. The
heated tip is used for melting the solder, mixing the solder
with flux, and applying the mixture. The rest of the tool is
insulated from the heat.
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SOLID Matter can exist in thrce stares: as a solid,

as a liquicl, rrnd as a gas (see (;As; l.lelrtt); l\tAt"t'F.n;

s'lAlt-.S ol- NlAl l'l-.R). Solids normally have a definite
shape. Liquids and gases mold rhcmselves to fir
rvhatever contains thenr. -l'he 

state of matrer of a

subsrance depends on the temperatrlre and the

pressure applied to thc substancc. By reducing tl-re
temperature and increrrsing the pressure, every ele-

mcnt can be turned into a solid. ()n rhe other
hand, evcrl' solicl elenrent, whcn hcarecl enoush,

will flrst turn into a liquid and then boil into a

vapor (see vAI'()R). For exanrple, to make the gas

heliurn into a solid, the temperature must be low-
ered to -457.9(jb [-272.2"C], and the pressure

raised to 26 atmospheres (see A'l.M()SI,HI-.RI-t (UNI't)).

To turn the element rungsren inro a gas, it must be

heated to nearly 10,832"F [6,000'C].
When a solid is changed fiom its original shape,

it will tend to return to it, unless rhe lcrrce applied

to it has been too grear. The resistance of solids to
a change in their forn'r depends on their hardness

ancl el:rsticity (see ELASTIC.ITY; HARDNESS; STRTSS

AND S'l'l{,{tN). Other properties of solids are ductil-
ity, n'ralleability, and brittleness. The ductiiiry of ,r

solid is a measure of how easily it may be pulled
into a new shape without breaking. The malleabil-
iry is a measLrre of how easily it may be hammered

irt, ir
ilrl n

I.13l:,iir
r*{.,'::

rli r il,r il:

t:"'j

or rollecl into a ncw shape. The brittlencss is an

indication oihorv much force is r-reeded to break or

shatter it. Every substrrnce has a diFferent conrbina-

tion of thcsc chlracrerisrics.

In n-rathenratics, a solid is a figure with rhree

climensions-leneth, rvidth, and height. Examples

of solids includc- a cone, prism, cube, cylinder, and

a pyramid.
.9ee a lso t.l.trM F.N'l': (; lr( )Nl tl I'R\'.

SOLID-STATE PHYSICS Solid-state physics

is the studl,of the physical properries of soiicl mare-

rials. The properties that are studied inclucle thc

conduction of electricity and heat, rnagnetism.
strength, and luminescence-the properq/ clf giv-
ing offlight (see PHYSI(ls).

Solid-state phvsicists learn abour solids bl,study-
ing how the atorns of the solid are arranged (see

ATOill). The atoms of most solid ntaterials are

arranged in regular patterns, forn"ring crystals. A
crystal of a particular material repeats itself
throughout the material (see clRvsT,lr.). By bean'ring

X rays, neutrons, or electrons at crystals, physicists

can learrn how the atonrs in crystals are arranged.

One of the important achievements oIsolid-state
physics was the development of the transistor in

1947. A transistor is a tiny device that largelv

i;jl;:*l
i*1'r-:';:

i,r,.;i

;$:irr;:
:,, . 'lI

SOLID.STATE PHYSICS

Solid-state physics has
made possible many
advances in the field of
electronics. 0ne example is
the production of integrated
circuits on silicon wafers,
as shown left.

ife{
{ lt;l
iw'i:

t

I
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replaced vacuum tubes in clectronic equipment.
During the 1960s, a method was invented for com-
bining the work of a large number of transistors in
one small integrated circuit (lC). Solid-srare
physics has also been responsible for other advance-

ments in electronics-including computers-and
in lasers (see CHII,; (.Olv1l)U-l'F.R; INTE(lRA'l L,l) CIR-

CLI I1'; l-ASF,R;'I'PTANSISTOR).

An important area of research in solid-state
physics today is the study of superconductivity.
Superconductivity is the abiliry of a substance ro
carry electricity withour resisrance. In order to
become a superconductor, most metals mllst be

cooled almost to absolute zero, which is -459.67"F

l-273.15"C]. In the 1980s, scientists discovered
some ceramic materials became superconductive at

much higher temperatures, around -234"F
[-l4B'C]l or above. In the future, superconducrors

will allow improvements in electrical devices of all
kinds.

See a/so AllSOt.U'f F, ZLR(); Rl-.SIS'IANCI-., ELEC'I'RICAI.;

SI.'PFRC()Nl)L'(- I I\ I t\ .

SOLSTICE (sdl'stis) So/srice refers to the days

when the sun reaches its northernmost and south-
ernmost points in the sky. Two solstices occur each

year. ln the Northern Hemisphere , rhe summer sol-

stice occurs on June 20 or 21, when the sur-r is

directly over the line of latitude known as the tropic
of Cancer. This day is the longest day of the year ir"r

the Northern Hemisphere. It also marks the begin-
ning of summer in the Northern Hemisphere.

The winter solstice occurs on December 21 or
22, when the sun is directly over the line of latitude
known as the tropic of Capricorn. This day is the

shortest d"y of the year in the Northern
Hemisphere. It also marks the start of winter in the
Northern Hemisphere.

In the Southern Hemisphere, the seasons are

reversed, with winter starting on June 20 or 21 and

summer beginning on December 27 or 22.

See also EARI'H; L,QUIx-OX; I.ATITUI)1. ANI) l-ON(ll-
-I'UI)1,; 

SF-ASON; TROPICI.

SOLUTION AND SOLUBILITY (sa

loo'shan; s6l'ya bil'i te) A solution is formed when

a solid dissolves in a liquid. The substance that dis-

solves is called the solute. 'fhe liquid in which it
dissolves is called the solvent (see Sol-\/LN't ). Vater
is the most common solvent, but it will not dissolve

all substances. Oils, fats, waxes, and many organic
(carbon-containing) chemicals are insoluble

il' water motecutes 6

@**.jV ,l
J )q€ wtu3{@

,o.urro*4 p
Hiilmil,mil gj
chloride ions. The charges \
on the ions attract polar \
water molecules, which
form clusters around the
ions. These hydrated ions
then spread through the
water.

Ch lorid e

ion

Sodium ion

Hydrated chloride ion

Hydrated sodium ion
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(cannot be dissolved) in water. However, they will
dissolve in organic solvents such as alcohol and

ether (see At.cloHol; F,'l'HER).

A solution does not have to be a solid dissolved in

a liquid. Liquids may be dissolved in each other,

gases may be dissolved in liquids or solids, and

solids may be dissolved in other solids. Alloys (dif-

ferent metals mixed together) are examples of solu-

tions made up of solids (see Al-l,ov).

For a solid to dissolve in water, its molecules must

be capable of formir-rg electrostatic bonds with
water molecules (see L,I-ITCTROS'tAI'ICS; Mt)LE(IULE).

Molecules of water are polar. This means that one

side of each water molecule has a positive charge,

and the other side has a negative charge. Each water

molecule forms weak clectrostatic bonds with its

neighboring water molecules. tJ7hen molecules of
another substance that has polar or ionic chemical

grollps are put into water, molecules of water are

attracted to them (see I{.)NS AND IONIZAI'ION).

For example, sodium chloride (common salt) is a

solid crystalline ionic compound (see soDluM
cHLORIDE). It is solid because of the strong electri-

cal attraction between the positive sodium ions

(N"*) and the negative chloride ions (Cl-). Salt dis-

solves in water because the polar water molecules

are drawn to the charged sodium and chloride ions.

Clusters of water molecules lorm around the ions.

This lessens the attraction between the sodium and

chloride ions. They separate and spread through

the water in solution.

If a solvent contains a large amount of solute, it is

called a concentrated solution. If it contains only a

little solute, it is a weak, or dilute, solution. A given

amount of solvent will dissolve only a certain

amount of solute at a given temperature. \When the

solvent contains the maximum amount of solute,

the solution is said to be saturated. If any more

solute is added, the substance will not dissolve. The

solubility of a substance is defined as the maximum

amount of the substarnce, in grams, that will dis-

solve in 100 grams of the particular solvent at a

stated temperaturc.

In general, tlie solubility of a substat'rce increases

as the temperature of the solvent is raised. This

mcans that when the tcmperature ol a saturated

solution is lowered, some of the solute will come

out of solution. When this happens, the solute gen-

erally forms crystals (see CRYSTAT.). Under certain

conditions, the temperature of a saturated solution

can be reduced without any crystals forming. The

solution is then in a very unstable state. It is called

a supersaturated solution. Sometimes adding a few

crystals, or even stirring the solution, will cause

crystals to suddenly fo5m in a supersaturated

solutiot-r.

SOLVENT A sol,rent is a liquid that dissolves

another substance or substances to form a solution
(see sclt.u't'lON ANI) SOLUBII.I'l'Y). The dissolved

substance is called the solute. Most solvents are liq-

uids, but some solutions are forn-rcd by mixing

gases or by mixing solids. Two liquids that mix

together are said to be miscible.

\7ater is one of the best-known and most effec-

tive solvents. Other usefi-rl solvents include alcohols

and acetone (see ACI,TONF.; ALCOHoI.). Solvents

and solutes with similar types of molecules, such as

alcohol and water, will usually dissolve in each

other easily.

Solvents are used in industry to make inks, paints,

varnishes, and cleaning fluids (see I',ttNr). They are

vital to the production of plastics such as nylon,

polyethylenc, and synthctic fibers (sce NYLON; PLAS-

TIC; SYN'I'HIITIC FIIIER). Solvents are used to extract

or puri$' many usefirl materials in analytical chem-

istry and in petroleum refining (see c:unutst'nv;

PL,TROI-EUM). Chemists routinely crystallize pure

substances, such as pharmaceuticals, from their
solutions in suitable solvents.

SONAR (so'nlr') Sonar is a system used to find

the position and distance of objects under water.

The name comes from the phrase "saund naviga'

tion and ianging." Sonar makes use of sound waves

(see SoUNtt). Sound waves are carried very wcll

through water. 'Whales arre known to be able to

communicate with one another ovcr distances of
many miles by means of sound signals.

Sonar is used by fishers to locate schools (groups)

of fish. It is also used to detect submarines, other

underwater objects, and ships.
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Many commercial fishing vessels use sonar to locate schools
of fish. A transmitter on the vessel sends out pulses of
ultrasound. The sound is reflected by a fish school, and the
returning echoes are picked up by an underwater
microphone (receiver).

There are two types of sonar, active and passive.

In active sonar, a ship or sona.r unit dropped into
the water sends out bursts of sound waves and "lis-

tens" for the echo from an underwater object (see

ECHo). The time that passes before the echo is

received gives a measlrrement of how far away the
object is. This is possible because the speed of
sound through water is known.

The burst of sound that is sent out is produced by
a transmitter, which turns an electric signal into a

sound signal. When the echo returns, the sound is

turned back into an electric signal by a receiver.

In passive sonar, sound signals are nor sent out.
The noises of ships' or submarines' engines and

propellers are simply recorded and analyzed. The

direction, but not the distance, of the sound source

can be found. An advantage of passive sonar is that
it gives off no sound that another sonar unit might
detect.

See a/so RADAR.

SORGHUM (s6r'gam) Sorghum is an important
cereal grown in nearly all warm, dry parts of the

world. It is also known as kaffir corn in Africa. Like
other cereals, it is a member of the grass famill, (sce

cRASS). \X/hile most varieries are abour B ft. [2.4 m]

tall, some reach a height of 15 ft. [4.5 m]. Flowcrs

grow in dense panicles (clusters) tliar vielcl 800 to
3,000 kernels, or grains. These kernels are rich in
carbohydrates, proteins, and fats. Thev also con-
tain calcium, iron, ancl vitamin 8,. Thc kcrr-rels cru-r

be ground into a flor-rr that is used in breads ar-rcl

cakes. Sorghum is also used to fbed livestock, to
make brooms, and to make alcohol, svrups, ancl

cooking oils.

SORCHI'M

Sorghum is the world's
fourth most important
cereal crop. lt is harvested
by a machine similar to that
used for harvesting sugar
cane. The stems are loaded
into trucks. They are used
to make products such as
alcohol that can be used as
a fuel.
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The world is firll of vibratiotrs-regular ancl

rcprerrtecl movements. When rlcllecules ir-r the :rir

arout'rcl us vibrate, tl'rev prochtce souud. tWe detect

souncl wrlves witl-r one of ctur rlost inrplortant ancl

delicate scnses, the sense of hearing.

When we are f-irst born, we he,rr souncls, br-rt the,v

probably nrean trothing. (iraduallv, we le:rrn to

attacl'r meatring to diflcrent patterlts of sound. tWe

learn to recognize ancl inte rpret speech. t07e learn to

make meaninglurl soutrds of our own. Most sounds

mean sonething to tts, whethcr the meaning is that

tl're telephone is ringing, sonrebocly is plmying a vio-

lin, or irt.r airplane is prtssing overhead.

Sound is olgreat importance to us. It is the basis

of speech, which is our main means of communi-

cation (see (l()NlN{UNI(lAl'l(lN). We have

invented many devices to transmit and reproduce

sound. so that wc ciln communicate bettcr with

other people. The telephone, the rirdio, and the

tape recorcler are all exanrplles. \We use sc,und ,rs ,r

wartring of dernger or urgencv. Foghorns, fire

alarms, and police sirens are examples. We produce

and listen to soutrd in the form of t-t-tt-tsic simprlv for

pleasure .

The nature of sound Sound travels through

the air, or any other substnrnce, in tl're fbrm of sound

waves (see wnvt'.). \When the waves reirch our ears,

they make the eardrutns vibrate. From the ear,

nerve rlessages travel to the brain, ancl we hear the

sound (see l-RR; SENSFI).

A sound wave is prodr,rced when anv object

HOST SOUND TRA\'ELS

Sound travels as a wave of compression moves through air
(or another medium). ln air, there are compressed air
molecules just in f ront of the wave, but the molecules do not

move along with the wave.

Compressed air molecules
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ffiffiffiffiffffiffiffi

ffiff#ffffffiffff##ffiru#ffru

Short wavelength

vibrates rapidly back and forth. The object may be

the string of a guitar, the vocal cords in a person's

throat, the piston of an engine, or the diaphragm of
a loudspeaker. As one surlace of the object moves

forward, it pushes against the air next to it. The
molecules of air are pushed together (see Mol.E-

culr). The air is compressed. Then the air mole-

cules spring apart again. They, in turn, push other
molecules farther from the object. The region of
compression moves away lrom the object. As this

happens, the surface of the object is moving back-

ward in its vibration.'fhis produces a region of low
pressure, or rarefaction. This region also moves

ourward, to be followed by the next region of com-

pression.

The series of compressions and rarefactions make

up sound waves. They travel through the air from
the vibrating object in every direction, spreading

out from it much like the ripples from a stone

thrown into a still pond. \When the vibrations strike

another object, they make it vibrate too. The sound

is passed onward until the waves have become so

weak that they have no more energy to make air

molecules vibrate.

Small amplitude

PITCH AND INTENSITY
The pitch of a sound depends on its frequency (above left).
A low-pitched tone has a low frequency and a long
wavelength, whereas a high-pitched tone has a high
frequency and a short wavelength. The intensity of a sound
depends on the amplitude of the vibrations producing the
sound waves (above). A wave with a large amplitude (top)
produces a more intense sound than does a wave with a

small amplitude (bottom).

The speed of sound Sound travels through air

very rapidly. \When you talk to someone, you see

his or her lips form a word at the same time that
you hear the word. You may notice, however,

watching a game of baseball, that the crack of the

bat against the ball is heard slightly after you see the

ball being hit. You might also notice that, during a

thunderstorm, you often see the lightning and

then, after a moment or two, you hear the thunder.

The speed of sound in air is 760 m.p.h. 11,224
kphl at a temperature of 32"F [0"C]. This works

out to about one mile in five seconds or one kilo-
meter in three seconds. To determine how far away

a thunderstorm is, count the time in seconds

between when you see a lightning flash and when

you hear the clap of thunder. Divide the number of
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sccorlcls bl' flve , rrnd yttu har,'e the clistance in miles.

T-he speecl of souncl depends on the cornpress-

ibility of thc n'rarerial through w.hich it is traveling.
'fhe more complessilrle the materirrl, the slou'er

souncl wa.ves rnove through it. Air is more com-

pressible than liqLricls or solids. Wrrter transntits
sound wAvcs lrour rimes n'rore rapidly than ;rir does.

Steel transr-r-rits sound waves about fifteen tirnes

nrore rapic-lly than air.

Frequency and wavelength In a sound wave,

the di.stance bctr.r.,een one region of compressit'rn

and the next is called the wavelength. The number
of compressions that occur in one sccond is caled
the frequency (see FRFQUENCY). The greater the

frequency, the shorter the wavelength. (The same

applies if regions of rarefaction are considered
instead.) 81' dividing the speed of the wave by the

fiequency of the vibration, the wavelength can be

calcul:rted.

Sound waves are ustrally referred to by their fre-

quency rather than b1'their wavelengch. For exam-

ple, the musical note middle C has a frequeno'of
256 cycles (vibrations) per second. This is abbrevi-

ated as 256 cps. The unit that scientists usually use

for meirsuring sound frequencv is the hertz (Hz).

One hertz is equal to one cvcle per second (see

HERT7,).

Musicians often refer to the pitch of musical
notes. Notes high in the musicalscale are said to be

MI.ISICAL SOUNDS

All musical instruments
have parts that vibrate to
produce sound. ln a guitar
(left), the strings vibrate; in

a wind instrument (right), a

column of air inside the
instrument vibrates.

hieh-pitched. -I'her.havc 
a high frequenor A sinser

with a cleep voice produces lou'-pitched notes.
-I'hese notes have ir lor.r, fieqtrencv Pirch is simply
anothel' r.vay ol referring to frequencv.

Intensity and loudness The irrrensiry o[ a

sound is dependent on the arnplitude of the vibra-

tions producing the sound wAves. AmplitLrde is tlie

distance that a vibratine object mo\.es lrom its posi-

tion of rest, as it vibrates. The larger the amplitr-rde,

the greater the intensirv. At larger amplitudes, the

sound waves are bigger, but frequency and wavc-

length are unchanged. l-he intensities oFsouncls are

measured in units called decibels (dB) (sec lt[cr-
nul). Zero decibels is the least intense sound that a

normalear can hear. A jet plane taking off can pro-

duce a souncl of t 50 decibels.

The loudncss of a sor.rnd clepends partlv on the

intensity of the sound and partly on its frequency.

The unit for nreasurement of loudness is called the

phon. The loudness in phons of any sound is
defined as the intensity (measured in decibels) of
the 1,000-hertz note that is judged to be equallv

loud.

Musical instruments There are several basic

kinds of musical instruments: string instruments,

percussion instruments, and rvind instruments.

Each tvpe of instrument produces sound in a

slightly diffbrent way. String instruments hirve taut

T7* .tr
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strings that vibratc whcn they are plucked, as in the

guitar and harp; struck, as in the piano; or stroked

with a bow, as in the violin. In the guitar and vio-
lin, different strings are held with the fingers

against a fingerboard. In the piano, different
lengths of strings are arranged in a series. Each

string is struck by a hammer when a person presses

a key. The pitch of the note depends not only on

the length of the string, but on the tension and

weight of the string. High notes are produced by

thin strings pulled very taut (tight). Low notes are

produced by heavier and less taut strings that
vibrate more slowly.

In pcrcussion instruments, such as the drum, a

tightly stretched membrane is made to vibrate by

striking it. The taut skin vibrates in much the same

way as a string vibrates. The smaller and tighter the

skin, the higher the pitch of the note it produces.

Wind instruments rely on the vibration of
columns of air enclosed in pipes of metal or wood.

The length of the column olair determines the fre-

quency-rlnd thus the pitch-of the note. The
longer the column of air, the greater the wavelength

of the note, and therefore the lower the frequency.
'lb alter the frequency of the note that is produced,

different lengths of pipe can be created by opening
and closing holes in the side of the pipe. \)floodwind
instruments, such as the flute and oboe, work
in this wav. Brass instruments are also wind

instrurnents. The notes they make are varied in a

different way. 
.l'he 

vibration of the lips at the
mouthpiece makes the column of air vibratc, as in

a woodwind instrument. However, by varving the

pressure of the lips, thc column of air can be made

to vibrate in diflerent ways. 'l'he colurnn may
vibrate as a whole. It mav vibratc as two separate

halves. lt may vibrate as three separate thirds, and

so on. In each case, the frequency of the note pro-
duced rises, because the wavelength has been

reduced. 'l'he notes in the series make up what is

called the harmonic series. They are harmonics, or
overtones, of the funclamental note (see HARMoN-

tc-s). Other notes, between those of the harnronic

series, are obtained by pressing valves to acld extra

lengths of tubing into the system. In the case of the

trombone, a lcngth of tubing also slides in and out
to add to the range of the instrument.

Almost all musical sounds contain harmonics as

well as the basic note. A vibrating string moves

not only as a whole , but also has smaller vibratior-rs

corresponding to half its length, and so on. The
harmonics are quiet and not usually noticed.
However, they add a quality to the sound of the

particular instrument. Thev enable us to tell
whether a notc is being plaved on a piano, for
instance, or on a flute.

ACTTVITY How to make pipes

The pitch (highness
or lowness) of the
note produced by a
simple pipe depends
on the length of the
pipe. Cut a drinking
straw in half. Hold it
vertically and press
one end to your lower
lip. With practice, you
can produce a note
when you blow
across the end of the
straw. Shorter straws
produce higher
notes. Try taping
together straws of
different lengths to
make a panpipe.
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Electronic music Instruments such as synthesiz-

ers and electronic organs produce sounds entirely by

electronic means (see plncrRoNlc MUSIC). In these

instruments, devices called oscillators produce elec-

tric signals that have the same frequencies as musi-

cal notes. The signals are sent through an amplifier

and played back through loudspeakers or head-

phones, which have diaphragms that vibrate and

produce musical sounds (see AMPLIFIER; LouD-

SPEAKER; OSCILIATOR).

Instruments such as the electric guitar and elec-

tric piano are assisted by electronic devices. They

have metal strings that vibrate in the normal way

when plucked or struck. Near each string is a spe-

cial magnetic pickup that responds to the

vibrations and produces an alternating electric

VIBRATING STRING

String instruments produce sound by the vibrations of the
strings. The vibrations produce regions of compression and
rarefaction of the air.

VIBRATING SKIN
Drums and other percussign rnstirttnts pt 0duce sound in a

way that is similar to string instruments. However, the waves
are produced from an area of membrane instead of a long
string. Membranes vibrate less easily than strings, and so the
sound produced dies away more quickly.

current at the same frequency (see ALIERNATING

CURRINT; ELtsCTROMAGNETISM). ThC CICCITiC CUT-

rent is then magnified by means of an amplifier and

played through a loudspeaker. Adjustments to the

tone and volume are made with a variety of elec-

tronic controls.

Hearing and sound -fh. human ear can detect

a wide range of sound, both in frequency and

intensity. The sounds that we hear most keenly are

those from sources vibrating at frequencies between

1,000 and 4,000 hertz. The entire range of fre-

quencies audible to humans is between 20 and

20,000 hertz. The intensities detectable as sound

by the average human ear cover a range of about

150 decibels. As people get older, the ear's sensitiv-

ity to very high-pitched notes declines. This
explains why children sometimes can hear certain

sounds that adults cannot hear.

Sound waves of extremely high frequencies can-

not be heard by the human ear, but they are never-

theless very useful. Sound of frequencies above

20,000 hertz is called ultrasound, and the study of
it is called ultrasonics (see uLTRasouND). Among

other uses, ultrasound is used in medicine in much

the same way as X rays are. The waves penetrate the

body and can be used to produce pictures of
internal organs.

See also ACOUSTICS; RESONANCE.

Antin o d e

Antinod e Antinode

-Shorter 

|ength-- >

VIBRATING AIR

When a flute is producing sound, it contains a vibrating
column of air, with minimum vibration at a node and
maximum vibration at antinodes. The pitch 0f the note
depends on the length of the column. Shortening the column
will cause the instrumentt0 produce a higher note.

PROJECT 47,48,54
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I SoUND REcoRDTNG

Soutld recording is the capturing of sound in a

form that can be reproduced. Sound is captured on
devices such as phonograph records, compact discs,

magnetic tape, videotape, and motion picture film
(see l,tortoN ptc'fuRF,; souND). Sound may be

recorded in different ways. For example, sound is

recorded as grooves on records, digital (numerical)

information on compact discs, and magnetic pat-
terns on tape. On motion picture film, sound is

recorded using patterns of light. Sound is repro-

duced using playback devices, such as record, disc,

tape, or videotape players; amplifiers; and loud-
speakers (see AMI,LIFIt.R; l.OUDSPfAfUff).

There are two main methods of recording and

reproducing sound (see RECORI)INCI). Before the
1980s, almost all sound recordings were made

using analog technology. In analog technology,
sound is captured by converting it into a physical

quantity, such as grooves or magnetic patterns.
This converted form is then changed back to sound

using such devices as amplifiers and loudspeakers.

in the 1970s, Thomas Stockham, an American

engineer, developed digital recording. In digital
recording, sound is captured by converting it inro
digits rather than a physical quantity. The digits
form codes that are based on the binary number

M i c rophones Multichannel recording

Signals mixed and split into
two stereo channels.

Left channel Right channelMULTICHANNEI,
A commercial sound
recording uses several
microphones (one for each
performer or part of an
orchestra). The signals from
the microphones are
recorded on magnetic tape
as a multichannel
recording. The channels are
then combined (mixed) to
produce the two stereo
channels of the final
re c ord in g.

Tape deck
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system (see BINARY NliMllL,RS; (IOMI'Ll-l'lll{). This
coding process allows recording of a wider range of
sounds than does analog recording. It also neans

there is less of the static, hissing, and other noisc

distortions that occur during the analog process. As

a result, sound reproduction tends to be of n"ruch

higher quality than with analog recording. The
compact disc, introduced in the 1980s, was the first

major consumer product that used digital record-

ing tcchnology. Since the 1980s, thc use of digital
technology in sound recording and reproduction
has increased. lt may someday completely replace

analog rnethods.

Phonograph recording The phonograph, the

earliest analog recording device, was invented in
lS77 by Thomas Alva L,dison (see l,DISoN,

THOMAS Al.\A). Edison's device recorded sound on

a rotating metal cylinder that was wrapped in tin
foil. The vibrations of sound waves caused a needle

to make a pattern of dents in the tin foil. The
phonograph had another needle that played back

the sound when it was placed against the tin foil on

the rotating cylinder.

In 1887, the first phonograph records made of
clay and shellac were invented (see CLAY; SHLLLAC).

Electric phonograph recording began in 1925. The

records that were produced from the original
recording were played on a device called a turntable

at 78 revolutions per minute (.p-). ln 1948, engi-

neers at Columbia Broadcasting System (CBS)

Laboratories developed a plastic, long-playing (LP)

record. 'fhese plastic records were played at 331t.

rpm and contained a total of about forty-five min-
utes of recorded music. 'fhe next year, Radio
Corporation of America (RCA) invented a smaller

plastic record that held about five minutes of music

on each side. It was played at 45 rpm. Through the

1970s, most sound recordings were on phono-
graph records. ln the 1980s, recordings on tapes

and compact discs became the most widespread

form. By the 1990s, most major recording compa-

nies in the United States had stopped producing
records.

To make a phonograph record, the sound, such as

a musical performance, is collected by microphones

that change thc sound ir-rto electric signals (see

MI(ll{ol'll()Nl.). 'l'he signals are then changed into
vibrations that movc a needle that hirs a clianrond

or sapphire tip, callecl a cutting r"recdlc. 
-l'hc 

cut-

tir-rg needlc cuts :r continuous, spiraling, Z-shaped

groove in the surface of a rotating disk, callcd the

master record. This disk is made of alr-rminurn ancl

is coated with a heavy layer of lacquer (see

LA(IQUl:R). As the cutting neeclle cuts 11 grottve , it
also vibrates from side to side. When the master

record is complete, copies of it are macle, pack-

aged, and sold.

A phonograph, or record plaver, plays back

sounds that have been recorded on records. Most

record players have the same basic parts. 'l'hese

parts inclr-rdc the amplifier, lor.rclspcaker, pickup
cartridge , tone arm, and turntable. These parts may

be in separate components or contained in one

component.
The tone arm is attached at one e nd to the record

player. The free end swings freelv over the

turntable. The turntable and the record that is

placed on it rotate (spin) by means ol an electric

motor. The pickup cartridge is located at the lree

end of the tone arm. The cartridge holds the

phonograph needle. The needle is lowered into the

beginning of the record's groove, which is at the

outer edge of the record. As thc record rotates, the

needle gradually moves from the outside edge

toward the center. On most record players, the tone

arm automatically lifts up and moves back to its
original position after it reaches the end of the

groove.

The main component in the pickup cartridge is a

magnet or crystal. This component produces weak

electrical signals when it is caused to move by the

impressions in the groovc. 'l'hese electrical signals

are fed through an amplifier. The amplifier
strengthens the signals and passes them through a

loudspeaker. The loudspeaker changes thc signals

back into sound waves.

Thp. fecording A tape recorder is a machine

that can record sound on magnetic tape. The tape

recorder has a microphone, which changes sound

into weak electrical signals as part of the analog
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recording process. An amplifier insidc the micro-
phone strengthens these signals. The signals then
pass through thc recording hcad of the tape
recorder. 

-fhe recorcling head is a coil olwire rhat is

wound around :r small piece of iron. $/hen the sig-

nals pass through the coil, a magnetic field is pro-
duced. This field changes in strcngth as rhe signals

vary. During recording, the tape moves pasr the
recording head and the magnetic field. The tape is
made of plastic coated with crystals of iron oxide.
'I'he varying magnetic field calrses the iron crystals

to form patterns in a single linc, or "track," on rhe

tape. As thc recording takes place , fr-esh tape
unwinds from one reel, called the feed reel, and is

taken up by ar-rother reel, called the take-up rcel.

The turning of a devicc called a capsran is rcspon-
sible for the tape moving from rce I to reel. 'fhe tape

moves at a constant speed of several centimctcrs a

second. Devices callcd pressure pads hold the tape

against the recording head.

Once the sound has been recorded, the tape can

be stored fbr a long time. The tape can also be

played over ancl over again. To plal' back the tape,

the tape is again fed past the recording heacl. The
head now acts as a plavback head. As the tape

moves past the head, the tape's magneric pattern
causes an electric current to flow throLrgh the coil
in the head. This effect is callecl induction (see

INI)UC-l-l()N). As rhe ntagnetic parrern of rhe tape

varies, the electric currenr flowing through the coil
varies. This current is then anrplified and lecl into a

loudspeaker. The loLrdspeaker changes rhe current
into sound. Sound as well as pictures are recorded

and reproduced in a similar manner on videotape
(see VII)F.O RF.(-ORI)lN(l).

The sor-rnd recorded on a rape can be erased, and

new sounds can be recorded. Feeding the tape past

a head called the erasing head produces a rapidly
changing magrletic field. f'his removes the n"rag-

netic pattern from the tape.

lape recorders that have a separate feed reel and

take-up reel are called reel-to-reel recorders. Since

the 1970s, cassette tape recorders have become
widespread. A cassette is a small plastic case rhat
contains both the feed reel and the take-up reel. To
record, plav back, or erase, the cassctte is simply

G

placed in a cassette tape rccorder/playcr, and thc
correct switch is pressed. T'he tape does nor have to
be threaded onto the reels lry hand, as in :r reel-to-
reel recordcr. This makcs cassette tape recordcrs

easier to operate . Videotape has also becon'rc rvidelv
:rv.rilaltl.' in casscttc ft,rm.

One problern with tape recording is rhe back-
grour-rd noise producecl bv rhe movcment of thc
taPe across the head. Special coatings on the tape

can help reclucc the background noise. Manr. cas-

sette tape recorders and plavers are no\v macle rvith
noise reduction features, such as Dolbv B or l)olbv
S. Dolbi, B reduces background noise bv l0 deci-
bels (clB) (see t)F.(.tBt,r ). Dolbv S, ir"rtnrclucecl ir-r

1989, rcclr-rces background noise by over 25 dts.

Tape recorders/plavers are widely used in busi-
ness, industry, science, and the homc. In busincss,

industrl', and science, they are mosr often used as a

wlry to store inlormation. In the horre, thev are

ofter-r used to recorcl and listen ro music. Not all

tape plavers c:rn record. 'l'hese kind of tapc plavers

are most often lound in auton'robiles. Sorne

RECORDINC MEDIA
The chief ways of recording are with
vinyl disks, audio cassetles, and
compact discs (CDs). ln the
1 990s, vinyl disks lost
popularity to the
other two.
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SOUND ON FILM

Sound for motion pictures is generally recorded as the film is
being exposed in the movie camera (although other sounds,
such as background music, may be added later). The sound
is recorded on a strip along the edge of the film by a light
beam reflected from a vibrating mirror. This creates an

optical sound track.

modern tape plavers are small enough to fit into a

pocket. Videotape, or videocassette, recorders are

used with televisions to record and play back

programs.
-I'he newest tape recording equipment is digital

and involves the use of digital audio tape (DAf). In
the future, DAT will probably replace magnetic

tape recording, just as comPact discs have largely

replaced phonograph records. Digital audio tapes

and tape recorders/players are now available in the

United States.

Motion picture sound tracks Motion pic-

ture sound tracks are made using light and electric

signals. In this type of recording, sound vibrations

are first converted into electric signals by a micro-

phone. The signals cause a mirror to vibrate. A
light passes through a lens onto the vibrating

r-nirror. The vibrating mirror reflects the light up

and down and through a slit in another lens. The

light passing through this second lens shincs on

thc edge of the film. The edge has a special coat-

ing, similar to that on photographic film, that is

sensitive to light. When light shines on the edge,

it creates a pattern oFlight. The edge is now callcd

the sound track. 
-l'he sound track is heard by use

of another beam of light. The light shines through

the sound track, producing a varying signal in a

photoelectric cell in the motion picture proiector
(see t'Hcl't.clF.l.F.(l't RIcl trFl-l(l'l'). The electrical out-

put oF the cell is then converted into sor-rnd that

can be heard by the audience through the use of
amplifiers and loudspeakers. Alternatively, the

sound track can be contained in a magnetic strip

that runs along the edge of the film. A magnetic

sound track is of higher quality than the other

type of sound track.

Compact discs Digital recording was used to

produce the first compact discs in the l9B0s. To

make a compact disc recording, sound is broken

down into 44,100 samples Per second' L,ach of
these samples is given a different binarv number

code. This is a series of zeroes and ones. The codes

take the form of "pits" and "lands," or flat areas,

etched onto a plastic disc made of polycarbonate.

(This material is very durable. Motorcycle hel-

mets and bullet-proof glass are made of polycar-

bonate .) Then an error correction code is added to

the digitized music data, ensuring that errors dur-

ing playback can be detected and corrected. When

the compact disc is played back, the pits and lands

are "read" by a laser beam (see LASF,R). The infor-

mation is passed to a device called a digital-to-

analog converter. This device changes the binary

codes to electric signals. The signals are read, error

detection/correction is applied, and the audio sig-

nals are processed and output through an ampli-

fier and loudspeaker.

Compact discs are about 4.67 in. [11.9 cml in
diameter, which is much smaller than phonograph

records that play at 45 rpm. A compact disc player

has a special turntable that rotates at about 500

rpm. Because compact discs are read by a laser and

I tourrrn,
" of film

Sound track
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not touchecl by a needle, they last n'ruch longer
than phonograph records.

Other formats Two new fornrars for digitallv
recorded sound, thc digital conpact cassette and the

n'riniclisc, were introduced in the early ] 990s. In con-

trast to compact discs, both of these can be recorded

and erased by home users. A minidisc (MD) is simi-

lar to a comperct disc, :rlthough it is smerller, abor.rt 2.5

in. [6.4 cm] in diameter. Prerecorded MDs use thc

same systerl of pits and lands read by a laser beam as

used by compact discs. Ml)s that are made for home

rccording, however, record informatior-r by n"reans of
a magnetic effbct. When a home-recorded MD is

plaved, light frorn the laser beam reflects differentlv
depending on the magnetization of the slrrface of the

disc. 'l'his produces a pattcrn of binary codes similar

to those produced when the laser scans the series on

a prerecorded MD or compact disc. Compact discs

that can be afTordably recordecl at home are also being

developed.

The other format, the digital compact cassette

(DCC), is about the same size as a standard cassette

tape. Because the DCC requires less space to record

data, it can record much more music than an ordi-
nary cassette. Another advantage of DCCs is that
pure , exact duplicates of the sound information can

be made. To protect the recordings, DCCs are

SOUND RECORDING

designed so that no tape is exposed until thc D(l(l
is inside the plaver. DCC plavers can displav texr

on screen, so that the plavers can display infbrn-ra-

tion about, for example, the artist's narme ancl

recording date.

Stereophonic sound Wh.u sound is capturecl

and reproduced in such a way that the resr-rlt is

similar to a live performance, it is called stereo-

phonic. In other words, the sound signals reach-

ing one ear are slightlv differe nt from those
reaching the other ear. This is because of the way

sound travels. If a sound is produced at onc sicle

of the head, it reaches the ear on thrrt side more

quickly. By the time sound reaches the other ear,

it is reduced slightlv in loudr-ress and so "sounc{s"

slightly different.
Stereophonic sound can be recorded and repro-

duced using special equipment. Two microphones

nust be used instead of one. One microphone
picks up sound from the right, and the other
n"ricrophone picks up sound from the left. ln this

way, the microphones pick up the differences in the

timing of sounds that the ears would normallv pick
up. The sounds are changed into electric signals bv

the microphones and recorded. In phonograph
recording, the cutting needle moves up and down

as well as from side to sidc. This way, the sounds

RECORDING STUDIO
Multichannel recording
allows sounds to be altered
after the initial recording
has been made. Here an
engineer is mixing the
channels to produce the
finalversion of a recording.
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fronr both microphones are recordcd in one groovc.

ln tape recording, the souncl is recorded in two par-

allel tracks on the tape. Ir-r compact disc recording,

thc pits and flat areas incorporartc the directions of
the sounds. In each case, the recorded sound is then

plaved back using two speakers.

Therc are other kincls of sound rcproduction,
which reproducc sound from more than two direc-

tions. For example, in quadraphonic sound, four
microphones and four loudspeakers arc u.secl.

Surround sound is a tvpe of sound reproduction in

which digital signals create the echoes that are char-

acteristic of various kinds of rooms and other
spaces. For example, by using a special arnplifier,

the listener can select whether he or she wants to

hear the music as it would sound in a concert hall,

cathedral, or stadium. Two main speakers carry the

stereophonic sound. Other speakers, which are

placed in diflerent locations around the room, pro-

duce the echoes.

High-fidelity sound reproduction The aim

of most sound reproduction systems is high fidelity
(hi-fi), or the greatest possible faithfulness to the

original sound. A sound reproduction system must

meet three requirements to qualify as a high-
fidelity system. It must be able to reproduce every

musical tonc. It must reproduce loud tones as

clearly as soft tones. lt must not produce any noise

or other sounds of its own while in use.

The basic components, or parts, of a hi-fi system

are the program source, the amplifier, and the loud-

speaker. The program source can be a tape player,

u'*l-Analog signal
2

12 34 5 6

compact clisc player, rccord plavcr, or radio. Thcse

components are often sold together as onc hi-fi sys-

tem. However, some people pref-er to buv the com-

ponents separatelv. Since thc 1960s, hi-fi
equipment l"ras become much smaller as bulkv vac-

uum tubes were replaced by tiny transistors (see

TRANSIS'I'OI{; \A( lL,t Ul\1 l-LJBF.).

Mmnufircturers began producing hi-f-i eqLrip-

ment that was afforclable to the average person

around 1948, whcn LP records flrst becamc avail-

able. Before that time, hi-fi ecluipnrcnt was mainlv
used in radio stations and recording studios. FM
radio stations bcgan to expcrinrent with broad-

casting in stereo in the early 1950s. Today, some

AM radio stations also broadcast in stereo (see

R{DIc)). Stereophonic records wcrc introduced in

195U, creatitrg a tremendous demand fbr hi-fi
home systems.

'fhe fr-rturc of sound recorcling and rcproduction

is in digital technologv. Home compact disc

recorde rs as well as compact discs that can be erased

and recorded over are expectcd to be available in

the 1990s. Scientists are also rescarching a type ol
disc that can hold a full spectrum of light in one

tiny spot (see SI'FCl'Rr.rM). This "rainbow disc"

could hold more than I million codes of digital
information. A single disc could hold up to
100,000 albums of mr.rsic. This n"rcans that if a prcr-

son listened to the disc for four hours a day, it
would take him or her sixty-eight years to listen to

the whole disc. This type of disc would be mainly

used by scientists and librarians as a way to store

information.

DIGITAI R,ECORDING

Most modern sound
recordings are made using
digitalsignals. ln an
analog recording, the
sound signal varies
contlnuously. ln a digital
recording, the digits
represent "steps" that
correspond to the varying
sound signal. lf the steps
are far apart (far left), the
digital signal is poor. With
steps closer together (left),
the quality of the sound is
much better.

13 14 1

Time

1794



- S PA

SOYBEAN (soi'ben') The soybean is an annual

plant that belongs to the pea family (see ANNL.rAt.

I'l.AN'l-; I'l:A FAI\Ill.Y). It varies in height fr-om about

1 to 6.6 ft. [0.3 to 2 m]. Its large leaves arc divided
into three rounded leaflcts. Its deep roots help it
survive even when water is scarce. Tinv, nirrogcn-
fixing bacteria living in the roots are able to supply

thc plmnt with nitrogen fiom the air (see NI'l'Rt)tiLN

I]IXAI'ION).

Soybean flowers arc usually white, pink, or pur-
ple. They grow in the axils, the placcs between the

plant stem and the leaf sterns. The seeds are con-

tairred in lcgurnes, or pods, that are about 2 in. 15

cml long (see t.r,.<;utvll.). These seeds, called soy-

beans, are rich in lats and proteins. The seeds can

be ground into a flour that is used in manv foods.

Oil from the seeds can be usecl for cooking ancl as

a base for paints, plastics, adhesives, and many
other substances.

Soybeans are native to China. They are r-row

grown in many parts of the world. Because of their

SOYBEAN

Soybeans (above) are the
most important crop
obtained from a member of
the pea family. They are a

good source of vegetable
protein and are used as a

livestock feed and as a

meat substitute for humans.
The growing soybean plants
are kept free from weeds by
using a herbicide (weed
killer) (right).

high nutritional valuc, soybeans are widelv used as

a livcstock feed and a substitute for meat ir"r the

human cliet. Manv scientists believe rhat soybcans

may become a major food source in the near futurc.

SPACE Space is thc vast region that is Lrsualh.con-

sidercd to begin at the altitucle above thc eartl-r

where the air moleculcs are too far apart to procluce

friction with passing objccts (see I-l{t(.ttoN).
Scientists defrne this beginnins olspace as approx-

imately 100 mi. | 160 km] above the earth's surfrrce .

The atn'rosphere contintres beyoncl this, br-rt the air

is very different lrom thc air ncarer the eartl-r (see

AIR; A'l'MOSI't I t:I{tr).

Spacc is fbr the most part a vast, empty area r,vith

no known boundaries. It apparently extends in all

directions and surrounds the solar systcm, all of the

galaxies, and all of thc regions between the galaxies

(sce (lAl-AXY; SOLAR SYS IEM).

Inte rplanetary space includes the regior-rs betwee n

the planets. 1-he region between stars is called inter-
stellar space (see S'tAR). 'l'he distancc bctween the

sun and the star neerrest to it, Proxima Centauri, is

about 4.3 light-years (see l.t(;H't'-yt.AR). T-he region

between gerlaxies is called intergalactic spacc.

Intergalactic space extends lor unimaginable dis-

tances in all directions.

See als o ASTRONOIT4Y; LJNIVF.RSIT..
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SpncE ExpLoRArIoN

Sp".. exploration is the exploratiorr of the rcgion

that bcgins at the altitucle above the earth whcre the

air molecules are too far apart to produce friction

with passing objects (see SI'Atll,). For many cen-

turies, pcople have dreamed of exploring space.

After \World War II (1939-1945), the United
States and the Soviet Union began to vigorously

support space Programs.
Space exploration involves many complex factors.

These factors range from launching a spacecraft to

keeping astronauts alive in space. An astronaut is a

person who pilots a spacecraft or works in space.

Launching a spacecraft The greatest problem

in launching a spacecraft is dealing with the earth's

gravity. To go into orbit around the earth, a space-

craft must reach orbital vclocity. Orbital velocity is

the speed that allows a spacecraft to go into orbit

LIFTOFF

Powerful rockets are used to launch spacecraft. Pictured is
the launch of the Apollo 11 spacecraft by the rocket known
as Saturn V.

while still remaining in the earth's gravitational

field (see (;l{AVllY; ()Rlll'l). Tb fly into the region of
space called interplanetarv or interstellar space, a

spacecraft must reach escape velocity. L,scape veloc-

ity is thc speed necessary for an object to escape the

gravitational pLrll of a larger body. In the case oF

space travel, the obiect is the sparcecraft, and the

larger body is the ealth (see Fs(",U)L VF.l(Xll'lY; vEI(xll'lY).

The launching apparatus mav be a single rocket

or a multistage rocket (see R(XlKt'-'t'). A multistage

rocket consists of two or more sections called

srages. The first stage is called the booster. The

booster lifts the entire spacecraft from the launch-

ing pad. The booster drops off when its propellant
(fuel supply) is used up. At this time, the spacecraft

may be moving at over 6,000 m.p.h. [10,000 kph].

When the booster drops off, the second stage takes

over. The second stage drops off when its fuel sup-

ply is used up, and so on. The number oFstages is

determined by thc weight of the spacecraft and thc

distance to be traveled. Most rockets have two or

three stages.

Return of a spacecfaft to earth A spacecraft

must reduce speed when it reenters the earth's

atmosphere. Friction berween the air and the space-

craft helps the spacecraft reduce its speed (see FRIC-

't'toN). Friction also produces great heat. For this

reason, the spacecraft has a special heat shield (see

HF,AI'sHlE,l.ll). In many spacecraft, the heat shield is

designed to burn off when the spacecraft reenters

the eartht atmosphere. This slowly disperses the

buildup of heat. A kind of reusable spacecraft called

a space shuttle has special permanent tiles that act

as a heat shield. The tiles can withstand the high

levels of heat.

Spacecraft other than the space shuttle land on

Earth through the use of parachutes. \7hen a

spacecraft is about 10,000 ft. [3,000 m] above the

earth's surface, several large parachutes are

released. The parachutes allow the spacecraft

to land slowly. Spacecraft usually land in the

water, particularly in the calmer waters of the

Pacific Ocean. This kind of landing is called a
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splashdown. The spacc shr.rttlc uses engines ro lancl

on a runway, as an airplane does.

Living in outer space The environnrcnr of
space presents manv hazards to asrronaurs. Therc is

ncl weight and no air, thcre are great exrrcrncs of
temperatures, and there is dangerous racliatior-r (see

RADIAI'lON). These hazarcls force astronauts to live

in totally artificial environr-nents. Air pressure and

content are carefr-rlly conrrollec{ inside a manncd
spacecraft. Dizzir-ress and other effects of wcight-
lessness are controlled bv special clrr-rgs. Normal
procedurcs, such a.s eating, drinking, sleeping,
eliminating body wastes, keeping clean, and exer-

cising are carefully pl:rnned. Astronauts car freeze-

dried food or pastelike food in tubes. Food that is

freeze-dried has hacl its water removed while still
frozen. \i/ater is drr-rnk directlv from a nozzlc. In
order to sleep, astron:luts rrlust strap thcmselves to
couches or beds to prevent them from floating
around the spacecraft. 'l'he weightlessness of space

makes normal usc of a toilet irnpossible. Special

collecting devices process and srore wasrcs.

Astronauts keep clcan bv taking showcrs in spc-

SPIASHDOWN
The Apollo 15 spacecraft,
aided by parachutes, made
a safe splashdown in the
Pacific 0cean north of
Hawaiiin 1971.

C

ciallv equipprccl, collapsi ble stalls. Asrronaurs meir-r-

tirin physicrrl fltness by using strrtionary cxcrcise

dcviccs, such rrs a stationarv bicvcle. For lonq F.pi-
ods ol timc in space , lrstronauts :rre provicled with
e nte rtlrinrnent matcrials, such rrs books, gan'res, and

recorded n'rusic.
\rVhcn moving outsicle the spacecrrrfr, lrstrclr.rauts

wear speci:rl sr-rits. The suits prorecr tl'rem fl-onr

radiation ancl major changes in air pressr-rre. l-he
sr-rits include gas-propcllecl back;racks rhat hel;r

the astronlruts move around. 
-l'l're 

rrstronlluts ilre
usumllv connected to rhc spacecrrrft bv rvires. 

-fhe

spacecraft itself is also protectecl fl'onr racliation,

te nrpe ratLlre extremes, ancl clcbris f'loating in s1';qg,r

by thc various mrrterials that it is rracle of.

During spacc nrissions, Anrerican rrstronlruts
remain in cor-rstrrnt raclio contrrct rvith the

Johr-rsor-r Space (lcnter in Housrorr, -fex:rs.

Scientists irnd technicians therc monitor thc
workings of the sprrcecrrrft's equiprncnt, instrucr
the astronauts on horv to handle unforesecn prob-
lcnrs, and plan the sp:rcccraft's landing. 'l'he sLrp-

plies ancl scientiflc ccluipment thrrt rr spacccraft

carrics are called its pavloacl.

NoTARoLPXEEAPs
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SOYUZ

The first Soyuz spacecraft
(below) was launched by
the Soviet Union in the mid-
1960s. The craft, which
carried a crew of up to
three cosmonauts, had
three sections: the orbital
module, command module,
and equipment module.

Equipment module

\\
0rbital module \)

Command
module

Fuel tank

Pe risc ope

Hatch for
spa c ewa lks

i Access
i tunnel

Sola r
panel

Docli

probr

Rocket
motor I

History of space travel Before World \Var II,
space travel and exploration were only ideas. In
1945, scientists from Germany came to the

United States to develop military and space

rockets. One of these scientists was \Ternher

von Braun. Von Braun had helped develop

huge guided rockets, called V-2s, while in
Germany (see BRAUN, \(|,RNHF,R VON). These

rockets were the forerunners of the rockets that

are used to launch today's spacecraft.

Sputnik 1, the first artificial satellite, was

launched by the Soviet Union on October 4, 1957

(see SA-I'L,LLI'I'E; SPUTNtx). One month later, the

much larger Sputnile II was launched with a dog

aboard, the first living creature in space. The
United States launched its first artificial satellite,

Explorer d on January 31, 1958.

In 1959, the Soviet Union and the United States

both succeeded in launching spacecraft that went

beyond the eartht gravitational pull. The Soviett

Steering thrusters

APOLLO

The United States'Apollo spacecraft (above), dating
from 1967, consisted of two main sections: the command and
service module, and the lunar excursion module. The
excursion module had two parts. The descent stage
remained on the moon, and the ascent stage carried two
astronauts back to the command module.

Main
eng ine

Command and
service module
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Luna I and the United Statcs' Pioneer IV were

ain'red at the moon. Eventually, they entered into
orbit around the sun. In the 1960s, humans went
into space. The first pcrson in space was Yuri
Gagarin of the Soviet Union (see GAc;ARIN, YURI

ALL,KSLYL.VI(IH). Gagarin orbited the earth once on
April 1 2, 196l , in Vostok 1. On May 5, 1961, Alan
Shepard tn I'reedom Z became the first American
astronaut in space (see SHt.l'ARD, AI-AN B., jR).

SKYI,AB
Solar panel

Sky/ab (below) was
launched by the United
States in 1973. During its
lifetime, it was manned by
three three-person crews.
Skylab reentered the
earth's atmosphere and
was destroyed in 1979.

0rbital workshop

Shepard's flight took him i16.5 mi. [186.4 km]
high. On February 20,1962, astronautJohn (llenn

became the first American to orbit the emrth (see

GLI-.NN, JOHN HF,RSCHEL). Glenn circled the earth

three times in the spacecraft Friendship 7.In 1963,

Valentina Tereshkova, a Soviet cosmonaut (astro-

naut), became the first woman in space . By the end

of 1963, four Americans and six Soviets had made

successful flights in space.

In March 1965, cosmonaut Alexei Leonov,
aboard the Soviet Voskhod 11, became the first
human to walk in space. ln 1965 and 1966, the

American Gemini project sent ten missions into
space. Each of the missions carried two astronauts.

The Gemini project led into the Apollo project. A
high point of the Apollo project occurred on July

20,1969, when Apollo 1 1's lunar
landing module (unit),

the Eag/e, made a safe

landing on the moon.
American astronaut
Neil Armstrong, who

was aboard the Eag/e,

became the first person

to set foot on the moon
(see APor.r.o PROJECT; ARM-

. i S'l RONC, Nl--ll- ALI)F.N). Several other
" ,: Apollo missions explored the moon and

brought samples of moon materials back

Earth. American exploration of the moon ended

r972.
In I971, the Soviet Union launched the first

space statio n, SaQut I. A space station is a spacecraft

designed to remain in orbit around a planet or
moon. A crew can live and work inside a space sta-

tion longer than they can in other kinds of space-

craft. A space station has more room and carries

supplies to last for a number of weeks. Several

months after the Soviet space station was launched,

three cosmonauts were transported to the station
by the spacecraft Soyuz. They lived and performed
experiments at the station there for twenty-four
days. The United States launched its first space

station, Skylab, in May 1973.Later that year, three

American astronauts spent eighty-four days aboard

the station. Many tests were performed on the

Multiple docking
adaptor Entrance hatch

Lunar excursion module

Nd
Exit hatch

to

in

j ?:'*o
fR+:Y*,. .

Ascenistage f-W*
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SPACE EXPLORATION

astronauts to detcrmine tl"rc various effccts of long-

term weightlesstress and other conditions encoun-

tered in space. The Skylab astronauts collected new

informertiotr about the sut-t. 
-fhey also took thou-

sands of photographs of L,irrth. Skylab remaitred in

orbit For six years, with various crews of astronauts

going to and lrom it.
The Soviet space station Mir was launched irr

1986. A crew of two to six cosmonalrts stays in Mir
for up to a ycar at a time and is then replaccd by

another crew. Spacecraltt bring supplies, such as

food, water, and mail, to Mir every few weeks. Mir
has robots to operate the space station whcn no

crew is aboard (see ROBoI'lCs). Mir grows as mod-

ules are added on. 'l'he modules are additional liv-

ing quarters and laboratories. During the breakup

of the Soviet Union in late 1991, the

Soviet space program was disrupted, and

one cosmonaut was lorced to remain

aboard the space station months
longer thar-r planned. 'l'he former
Soviet space program is now operated

primarily by Russia, in cooperation 1Y\

with other nations of the former Soviet -,io

Union.
In 1975, astronauts of the Apollo-Soyuz'lest

Project, a joint Americar"r-Soviet space mission,

performed various scicntific expcriments in space.

This was followed by a joirtt unmanned mission, in

which a Soviet satellite performed biological exper-

iments that had been developed by U.S. scientists.

Cooperation between the nations exploring space

continues to develop. In 1995, the shuttle Atlantis

linked up with the orbiting Mir space station. On

board Atldntis were two Russians who transferred

to Mir. Two Russians and an American who were

aboard Mir tanslerred to the shr,rttle for the return

to L,arth.

Space Probes A space probe is an unmanned

vehicle that travels through the solar system and

may rravel beyond it (see I)LANET; sol-AR sYSTFIM).

A space probe contains various devices that gather

information about space and send the information
to Earth. Between 1961 and the early 1980s, Soviet

Wnera space probes explored Venus. Other Soviet

SALYUT

The Soviet Union launched
the first Sa/yutspace
station in 1971.ltwas
designed so that a Soyuz
spacecraft could act as a

ferry to carry cosmonauts
to and from the orbiting
space station.

Communications
antenna

Tra nsfer tunnel

,}

Entry hat

Soyuzferry
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SPACE EXPLORATION

space probes explored the moon. In 1988 and

1989, Sovie t Phobos probes explorecl Mars. The
United States also began launching space probes in

the 1960s. C)nc important U.S. space probe is

Voyager 2. Voyger 2 was launched in 1977. It has

sent back exciting photographs of Jupiter, Saturn,

LJranus, and Neptune (see JUPITF.R; NF.l)'l-LJNL-; SAI'-

URN; URANLt5). Voyager 2 is expected to continue to

send information back to Earth beyond the year

2000.

In 1989, the U.S. launched the space probe
Mngellan. Magellan sent back a detailed rnap of the

surface of Venus. Another U.S. space probe,
Gdlileo, also was launched in 1989. Galileo's final
destination was Jupiter. However, along the wav,

Gttlileo traveled past Venus and two asteroicis,

Gaspra and Ida, sending pictures of them back to
Earth. Ga/ileo also flew past the earth twice, using

the earth's gravity to help it accelerate towards

Jupiter. In 1995, Ga/ileo reached Jupiter and
launched another smaller probe directlv at

HITCHING A RIDE

After its first successfulflight, the space shuttle Colunbia
landed at Edwards Air Force Base, California. lt was then
transported atop a Boeing 747 for the journey back to Cape
Canaveral, Florida.

Telescope
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tt
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Fuel tank

Solar panel
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thc prlrtt'ret to stttclv JLrpiter's rrtnrcls;lhere'

U n fir rtut-trtt elt', Gt I i /c o was hrlrrl 1-rcrecl bv cq r'ri 1-r-

ment problett'rs.

l'hc space probe Ub'ttrt' I joint proiect

of the U.S. ancl rhe llurilpcan Sprrcc

Agencr', rv,ts lautrchccl in 1c)90. It was

clesignccl to str.tclv tl're slttr's nlrrgl-lctic

frelcl ancl solar rvincl.
'l'hc space prohc Giotto, built bv

thc Europrertn Sprrce AgencY, rvas

laut-rchecl in 19U5. [t passcc'l close to

The Soviet Union launched the Mirspace station in 1986

Since then, Mirhas "grown" as m0re modules have been

added to it. lt can accommodate up to six cosmonauts for up

to a Vear at a time.

Solar panel

MIR

#f

Docking port

Access hatch
Astrophysi cs

I a bo rato ry\

c
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Laboratory module

Living quarters

Docking tunnel
Service spacecraft d'

Docking port
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RAMSCOOP ROCKET

A design for a possible future interstellar rocket, the
ramscoop, has a "funnel" atthe front. The funnel sc0ops up
the hydrogen found in space, and the hydrogen is then used
as fuel in a fusion rocket.

I"-J--+-LJ--+-+--J'.1!4+r f, r!_'gffi_-
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Halley's comet in 1986. In 1990, it flew by the

earrh, using the earth's gravitv to divert its path

towards another comet, called Grigg-Skjellerup,

which it passed in 1992.

Space shuttle During the 1970s, the idea for a

space shuttlc was developed because of the
tremendous expense of spacecraft that could be

used only once. In April 1981, the United States'

first space shuttle, Columbia, was launched from
Cape Canaveral, Florida (see CAPF, CANAVERAL). it
later landed at Edwards Air Force Base in
California. After each flight, the shuttle is carried

atop a.f et back to Florida.

In June 1983, Sally Ride, aboard the space shut-

tle Challengen became the first U.S. woman in
space. In January 1986, Challenger met with dis-

aster shortly after being launched. The space

shuttle exploded, and all seven crew mem-

bers were killed instantly. Because of
this tragedy, space shuttle flights were

suspended for several years. The program

l. resumed in 1989. ln 1992, NASA added a
.- -i new space shuttle, Endeauor, to its fleet to

;. replace Chnlleruger.ln 1996, NASA operated

four space shuttles: Co/umbia, Discouery,

Atlantis, and Endeauor.

Because space shuttles can be reused, they allow

space flights and experiments conducted in space

to occur more frequently. They also are used to

place satellitcs into orbit and repair them.

Future space station plans The United
States, in cooperation with other countries, has

plans for a second space station. The space sta-

tion will be assembled in space beginning in the

late 1990s.

The station will be built from separate modules.

The modules will be carried into orbit by space

shuttles and Russian launch vehicles. At first,
astronauts will live in the station for short periods

of time. Eventually, the station may be perma-

nently occupied. A small crew will staff the station

for a certain period and then will be replaced by

another crew. The crews will be brought back and

forth by a space shuttle.
The space station is expected to be used for

studies of the long-term effects of space on astro-

nauts and other living organisms. For example, it
may be a laboratory for such experiments as those

involving microgravi ty. (Micrograuity re fers to the

zero or near-zero gravity conditions in orbit.) For

example, the effects of zero gravity on bone for-
mation in chicken embryos while they develop

inside eggs may be studied. Through these exper-

iments, scientists hope to understand the effects

of zero gravitl, on the bone growth of humans

and other animals. Scientists also may study
whether semiconductor crystals of higher qualitv
than is possible on Earth can be grown in space

and whether exceptionally pure metals can be

made in space.

S e e A /s o AS'I,RONAUTI CS ; CRYSTAL ; S L,M i C]OND UCTO R.
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SPARK PLUG A spark plug is a device used to
ignite the mixture of fuel and air in the cylinder
of a gasoline engine (see l.Nc;lxl.). It is fitted by

means of a screw thread so that one end sticks

into the space in the cylinder above the piston.
The plLrg has two electrodes (see ut.l-c.'t'RoDF.).

There is an electrode running down through its
center. This electrode is surrounded by ceramic

mate rial, which is an insulator. Outside the
ceramic is the mctal plug casing. The casing
screws into the wall of the cylinder, making elec-

trical contact. From the lower encl of the c,rsing,

the other clcctrodc cxtcnds toward the center of
the plug. A tiny gap is lefr between the ends of the

two electrodes.

Elcctric lvircs are attached to the top end of the

center electrode. A pulse of high voltage electric-
ity is supplied from the engine's ignition
coil thror-rgh the distributor or through an

electronic ignitiorr system. This boosts the twelve

volts lrom the vehicle's storage battery up to
about twenty thousancl volts. This is cnough to
make an electric spark ju-p across the gap

betr.veen the two electrodes and ignite the explo-
sive fuel and air mixture inside the cylinder (see

AU'l'()tr'lOtlll.H; 13Al I F-ltY; F-t.F-(l'l Rl(ll'l'Y; VOLT).

The plug electrodes graduallv become corroded

bv rhe constant sparkir-rg. Deposits of carbon also

form on thern from the exhaust gases. Thus, spark

plugs rnust be occasionally cleaned or replaced.

SPARROW' n sparrow is a small, common
bird. 'l'here are about fifty species of sparrows

found in North and South America. Sparrows

have streaked, brown bodies and short, stubby
beaks. The sparrrow's diet consists mostly of seeds.

Sparrows often fly in large flocks (groups) and

migrate long distances each fall and spring (see

N,IIcRATION). The songs of sparrows sound like
whistles. The house, or English, sparrow-per-
haps the most common sparrow-i5 ns1 closely

related to the American sparrow. It was brought
to the United States from Europe in the I850s.
Since then, it has greatly expanded its range at the

expense of other types of birds. It is rarely found
lar from human scttlements.

SPARROW

The house sparrow (above) has greatly expanded its range in
the United States since being imported in the 1850s.
Sparrows migrate long distances each fall and spring.

SPAWNING (sp6ning) Spauning refers to the

way many water animals, especially fish, reproduce
(see RL,l'ROI)UC'l'loN). Although different fish
spawn differently, spawning usually involves exter-

nal fertilization, which means that the eggs are fer-

tilized outside of the fish's body (see nGG;

FERTILIZAI'ION). The female fish releases the eggs

into the water while one or more male fish swim

alongside and release sperm. The sperm fertilize the

eggs, which hatch hours, days, or weeks later.

The eggs may be released in nests of stones or veg-

etation; on the bottom of a lake, stream, or ocean;

or simply into the water. Some eggs float in the cur-

rent, while other eggs stick to rocks and plants.

Others get buried in sand or gravel. Fish release

thousands or millions of eggs. Many of these eggs

never hatch. They may die or be eaten by other fish.

Most fish spawn in the spring, when the water

temperatures are rising. The fish gather in the
spawning grounds in large numbers, and many of
the males develop colorful patterns on their skin.

These special colors, called breeding colors, show

up only during the spawning season. They help

attract the female fish to the male fish. Male fish

also engage in special courtship behavior that helps

attract female fish.

Many fish travel long distances to spawn. Some

travel to one side of a lake. Some travel thousands
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of miles in the oceans. Some swim upstream in
rivers. Some fish that live in the ocean swim up

freshwater rivers to spawn (see vtcntttoN). These

species, known as anadromous fishes, return to the

same river in which they grew up as young fish

before entering the sea. The best-known anadro-

mous fish is the salmon (see SALMoN). Large num-
bers of salmon are caught by fishers each year when

the fish swim up the rivers during their spawn-

ing run.
The American eel does the exact opposite migra-

tion. It lives its adult life in fresh water and returns

to salt water-the Sargasso gs2-1s spawn.

See ako EEL; FISH.

SPECIES (spe'shez) A species, in the classifica-

tion of living organisms, is a particular kind of
organism, such as a gorilla or a coconut palm.
Members of a species usually look alike. They can

breed among themselves but usually cannot breed

with members of another species. The members of
a species are more closely related than are members

of any other taxonomic grouping. Closely related

species are placed in the same genus.

See A/so CLASSIFICATION OF LIVINC ORCANISMS;

CiL,NUS; 'IAXONOMY.

SPECIFIC HEAT CAPACITY (spi sif ik het

ka pls'i te) The specific heat capacity of a substance

is the amount of heat needed to raise the tempera-

ture of one gram of the substance one degree

Celsius. The specific heat of water, which is given a

value of 1, is the standard for determining the spe-

cific heat capacity ofall other substances.

See also CAI.ORIE; HF-,{l-; JOULT-.

SPECTACLED BEAR The spectacled (spEk

ta kald) bear is the only South American bear. It has

shaggy black or dark brown fur. The spectacled

bear gets its name from the circles or semicircles of
white fur around its eyes. In many of these bears,

these circles of white fur look like eyeglasses.

Frequently, the white fur extends down onto the

neck and chest.

Spectacled bears are usually about 5 ft. [1.5 m]

long arrd 30 in. [76 cm] high at the shoulder. They

SPECTACLED BEAR

Although there is only one species of spectacled bear, there
are a variety of facial markings within the species.

weigh less than 300 lb. [135 kgJ. Their diet con-

sists mostly of fruits and leaves. Some times,
though, they may feed on small animals.
Spectacled bears usually live in cool mountain
forests. They are good climbers.

See also BP.IR.

SPECTROMETER (spEk trom'itar) A spec-

trometer is an instrument for taking measur€ments

of a spectrum (see SPF,CTRUM). A spectrometer is a

type olt s[)ectroscope .

See rt /so SPF,C-TROSCOPF,.
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SPECTROSCOPE (spEk'tra skop') Scientists

can learn many things by studying spectra (plural

of spectrum) (see Sl'L,c'l'RUM). Any instrument that

produces a spectrum for study can be called a spec-

troscope.

Scientists study various forms of electromagnetic

radiation with spectroscopes (see EI-l,c1'RoMAcl-

NF-'t'tcl ILADIAI'loN). Such radiation includes visible

light, X rays, ultraviolet and infrared rays,

microwaves, and radio waves. The radiation has

waves of different frequencies in a continuous band

or in a series of separate bands or lines (see rnt-

QUF.NIIY; VAVE). 'fhese bands or lines are made vis-

ible with a spectroscope.

To make a spectrum of visible light, the radiation

may be passed through a prism (see LlclH'r; PRISN{).

Sir Isaac Newton's prism arrangement was the first

spectroscope (see NF.\(/1'ON, SIR ISAAC). Another

device used to separate the frequencies of visible

light is a dilfraction grating (see I)IFFRACTIoN).

Diffraction gratings may be used to study infrared

or ultraviolet rays as well as visible light (see

INFRARED iLA\'; Ul.l'll\\'lol.ET RAY).

Different sources olradiatior-r have different sPec-

tra. The spectra differ depending on the atoms and

molecules present in the source (see xlolr,'t; MoLl,-

cuLE). By studying the spectra lrom a radiation

Prism

Eye

source, scientists can determine the chemical com-

position of the source. Astronomers use spectro-

scopes to analyze the spectra of radiation from the

sun, stars, and distant galaxies. They are able to

determine the chemical composition, temperature,

and other properties of those bodies by studying

the spectra (see RstnolHYSICS).

A spectroscope equipped with a scale for mea-

suring wavelengths or frequencies of spectra is

called a spectrometer (see sPEclrROMErnn). Spec-

trophotometers are instruments that show the

intensities of different frequencies in a spectrum.

A spectrophotometer can be used to mcasure the

absorption of different frequencies of light by

samples of a solution. ln this way, scientists can

identify small quantities of substances dissolved

in a liquid. A spectrograph is a device lor taking

pictures of different spectra so that they can be

analyzed. In a mass spectrograph, charged parti-

cles given off from a source are deflected by elec-

tric and magnetic fields so that they form a kind
of spectrum according to their mass. The spec-

trum is usually recorded on a photographic
plate. The photographic plate can be analyzed to

show the relative atomic masses of thc elements

present.

See ako FLL,MENT; MASS; RF,[.At'tvE AloMlcl N4,ASS.

SPECTROSCOPE

A spectroscope can be used to study the spectrum of any
light source. The illustration shows sunlight being focused by

a lens into a device called a collimator, so that parallel rays
of light strike the prism. The spectrum can then be viewed
through the telescope. By analyzing the spectrum,
astron0mers can learn a great deal aboutthe properties of
the sun.

Sunlight

Lens

/1/t

/J
V

L
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A ,p..tr,.r- (spEk'tram) is an arrangement of radi-
ation in order of wavelength or frequency (see rnt-
QUI,NCY; RADIAI'ION; \XIAVF,). The most familiar
spectrum is seen in a rainbow. Raindrops split up

sunlight into all the separate colors that make up
white light (see LIGHT). Each color represents a

small range of freque ncies of light vibrations. The
colors we usually see in the visible spectrum are red,

orange, yellow, green, blue, indigo, and violet (seeIlr
EMISSION AND ABSORPTION

Glowing sodium vapor produces a yef f ow light if it nat u

spectrum of two lines spaced close together (above). This
kind of spectrum is called an emission spectrum.

SpECTRUM

colon). The light at the red end of the visible spec-

trum has the longest wavelengths (or lowest fre-

quency). The light at the violet end of the visible

spectrum has the shortest wavelengths (or highest

frequency).

Beyond each end of the visible spectrum are other
forms of radiation. We cannot see them, but they
are still important. Beyond the red end are infrared
rays, which are heat radiation. Beyond the violet

ll
lf light passes through sodium vapor, the spectrum produced
has two dark lines where the emission spectrum has two
bright lines (above). This happens because the sodium vapor
absorbs light atthese frequencies. Such a spectrum is called
an absorption spectrum.

An emission spectrum of white light is shown above. All the
wavelengths are present.

An absorption spectrum of the sun is pictured below. The
dark lines represent certain wavelengths that are missing
from the spectrum.

elements is useful in determining which elements are present
in a star. The spectrum of a star can be obtained and the
lines compared with those of known elements. Similarly,
unknown mixtures of elements can also be analyzed.

Emission spectra of various elements are shown below. Left
column: hydrogen (top), mercury (middle), and sodium
(bottom). Right column: barium (top), potassium (middle), and
lithium (bottom). Knowledge of the spectra of individual

ilillI
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SPECTRUM

encl are ultraviolet ravs. These are resPotlsible for

bun-ring or tanning the skin. Farther beyond the

infrared lie radio waves, :rnd farther beyond the

ultraviolet lic X rays and gamma rays. All these

forms of radiatiorr make up a continuous spectrum'

the electromagnetic spectrum (see i--lectROMACl-

NE'r'rc RADTATION).

To produce a spectrum of all the colors, white

light may be passed through a prism (see lnlsl't).

Somc of the frequencies are bent more than others

as they pass through the glass, and so the frequen-

cies become separated. The spectrum can be pro-

jected on a screen or on a photographic plate. The

screen may be marked with a scale of frequencies

corresponding to each point in the spectrum' Such

a device is a type of spectroscope (see SPECTRO-

scoPE).

\7hen a spectrum of sunlight is shown on a

screen in this way, it may be seen to have a num-

ber of dark lines at particular frequencies. These

lines are due to elements in the outer atmosphere

of the sun. The vapors of these elements absorb

light of certain frequencies (see vAPOR). Dark lines

are left where the light has been filtered out of
the spectrum. Each element produces its own

SOLAR SPECTRUM

A glass pnsm ,ar' tplit a n*m of wfrite tight from the sun into
all the colors of the rainbow. This set of colors is known as

the solar spectrum.

particular patte rn of bands. The pattern for each

element is known as its absorption spectrum.

Absorption spectra (plural of spectrum) enable

scientists to identify the elements in the atmos-

phere of the sun and other stars (see ASTRO-

PHYSICS; ELEMENT).

Absorption spectra also help scientists under-

stand how stars move. \fhen stars are moving away

from us, the dark lines of their absorption spectra

are found to move toward the red end of the spec-

trum. This is called the red shift (see DOPPLF,R

EFFEC-|; RF.D SHIF'f). The faster the star is moving,

the greater this shift.

If a substance is turned into a vapor by extreme

heat, its elements give out a specrrum of bright

lines. This is called an emission spectrum. The

bright lines are in the same positions as the dark

lines in the elements' absorption sPectra. Often it is

possible to detect the presence of an element by

means of its emission spectrum when only one part

in a million is present.
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SPEED Speed is a measure of the time it takes to

travel a certarin distance. It can be measured in

miles per hour, kilometers per hour, mete rs per sec-

ond, or any other convenient unit. For instance, if
a car travels a distance of 60 miles in one hour, its

speed is 60 m.p.h. (60 niiles per hour). Speed is a

scalar measurement, which means that it is ir"rde-

pendent of the direction of travel. Velocity, on the

other hand, is a measurement of speed in a speci-

fied direction.
See rt/so VF.I.OCITY.

SPEEDOMETER (spi d6m'i tar) A speedome-

ter is an instrument found in motor vehicles that

indicates the speed of the vehicle in miles per hour,

kilometers pcr hour, or both (see sPF.ED). In a

mechanical speedometer, the speed is read on a dial

that has numbers that usually range from 0 to 140.

A moving pointer on the dial indicates the speed.

Some vehicles have electronic speedometers, which

display the speed as numbers on a panel.

A mechanical speedometer is driven by a flexible

cable that is connected to a set of gears in the vehi-

cle's transmission (see cABt.F,; (tF-AR). tJ7hen the

vehicle moves, the gears turn a core, or flexible

metal shaft, inside the cable. The core turns a mag-

net inside a metal drum, called a speedcup, which
is inside the speedomcter housing (see MAGNET-

rsrll). The revolving magnet exerts a force on the

speedcup that causes the speedcup to turn. The
movement of the speedcup is transferred to the

Pointer

Speed c u p

Maqnet
Ca ble

Core 0dometer

Hairspring

SPEEDOMETER

A revolving magnet at the end of the core tries to revolve the
speedcup, which is held in check by the hairspring.

pointer on the dial of the speeclometer. However,

the motion is slowed by the action of a fine spring

called a hairspring. The hairspring prevents the

pointer from simply turning around and around. It
also brings the pointer back to zero when the vehi-

cle stops n-roving.

Most speedometers also incorporate an odome-

ter, a device that records the distance driven.
Some vehicles have trip odometers that can be

reset to zero.

.Se e a lso ALJTOMOtII LL..

SPERM \7HALE The sperm whale, or
cachalot, is one of the largest and best-known
whales. The male sperm whale often grows to more

than 60 ft. 120 m] long, but females are only about

half this length. This whale is easily recognized by

its square-ended head. The lower jaw is very long

and narrow and swings down from the head like a

trapdoor. The sperm whale has about fifty large

teeth in its lower jaw that average B in. [20 cm] in
length. The upper jaw has no teeth at all. The
sperm whale lives in all oceans of the world but
prefers the warmer waters of tropical regions. The

sperm whale generally feeds on large squid and

cuttlefish (see GUTTLF,FISH; SilutD).

Sperm whales have long been sought by hunters

for their oil, which is a valuable lubricant used in
many industries. Sperm whales also contain a sub-

stance known as spermaceti, which is used in cos-

metics and ointments.
See ako \fHAl-F,.

The huge square-ended
head of the sperm whale is

one-third of its body length.
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SPIDER Spidcrs bclor.rg to a largc class of arthro-

pods called arrachnids (see AI{At)t1NIl); AItI IlRo-
Pot)A). Spiders are not insects. There are about

Irorty thousnnd known species of spidcrs and as

many as ernother seventy thousand yct to be identi-
fied. 'l'he various spccies range from about 0.04 in.

[1 mm] to giar-rts measuring more than 10 in. [25
cml across their outstretched legs.

All spiders produce silk, though not all of them

make webs. Most spiders have glands that produce

poison for killing or paralyzing prey (see cil.nNtr).

In North America, only six species are dangerous to

human beings. These are the brown rccluse, black

widow, brown widow, red-legged widow, varied

widow, and sac spider. Most spiders are very help-

ful to people because they kill large numbers of
insects that people consider pests. Some spiders

even eat mice and other animals such as frogs.

Body of a spider The body of a spider has two

sections: the cephalothorax and the abdomen (see

AIII)OM[,N; THoRAX). The cephalothorax is a fused

head and thorax. It is joined to the abdomen by a

thin waist called a pedicel. The body has a tough

skin that is covered with many hairs or tiny spines.

Like all arachnids, spiders have a pair of fanglike

appendages called chelicerae. The chelicerae are

located between the eycs and mouth. They each

end in a hollow claw that acts as a fang, injecting

poison into the spider's prey. Spiders also have a

pair of leglike palps, one on each side of the mouth.

Thesc hclp thc sprider feel its way arortncl. 'l'heir

bascs are also trsed to slicc ancl crr.rsl-r fbocl.

A spider cannot chew, so its Fooc{ rnust Lrc in liq-
uid fornr. Thc spidcr has a narrcw, tLrbclikc mouth

for sr.rckir-rg jtrices from its fcrod. A spicler crrn erlt

solids only aftcr prccligesting then"r. It docs this by

spitting digestive juiccs on the solid. This c,tltscs

the solid to break down into a licluid. Most spiders

have eight simple eyes, but some have less rhan this

and somc spiders have no cycs nt all (see trYI: ANI)

vrsr()N).

t.ike all arachnids, spidcrs have eight legs. F,ach

leg has scvcn segrnents, the last of which ends ir-r

two or three claws. A tiny pacl of hairs called a scop-

ula may surround thc claws.

Spiders producc silk in glands in the abdonrcn.

The silk is drawn out when needed through organs

called spinnerets, which are at the end of the

abdomen. Most spiders have six spinnerets, but
some have as few as two. A spider leaves a thin
thread of silk, called a dragline, wherever it gocs. As

the spider moves, it attaches thc clragline in various

places with dots of silk called attachment disks.

The dragline can be used to help a spider escape

from an enemy or detect the presence of prey in a

web. Many spiders weave elaborate webs of silk.

SPIDER-Varieties
Various kinds of spider are pictured: (1) platform spider, (2)

c0mmon house spider, (3) common garden spider (male), (4)

wolf spider, (5) black widow spider, (6) common garden
spider (female), and (7)crab spider.

I
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Most spidcrs also wrap their eggs in a sack of silk.
Many spiclers use silk to wrap a "cocoorr" around

prey so that the prev canr)ot escape.

Spiders breathe through tiny oprcnings called

spiracles. The spiracles open ir-rto "book lunss" in
the abdomen. These book lungs are made of fblds

of thin tissuc mnd irct much like the lungs of higher
animals. 'l'he blood of spiders is colorless. There is

a long, tubular heart in the abclonrcrr. The circtrla-

tory system is open, meaning that bloocl flows intcr

bod1, spaccs and does not stay in blood vessels.

Reproduction In most species ol s;riclers, rhe

females are larger than thc merles. As soorr as a male

reaches maturitl', hc looks for a mate. Most spiders

have a complex dance that is a part of the courtship
before mating. In many species, the male prepares

to rnate by spinning a platfbrm of silk. Hc then

SPIDER-Behavior
Two types of spider
behavior shown here are
(1) a female raft spider
carrying a sac of eggs, and
(2)an orb spider displaying
her warning colors as she
sits at the center of her
web.

squirts a drop of sperrn (fluid containing rnale sex

cells) frorn lris alrdor-nen onto the platform. He fills
the ends of his palps with this sperm ancl uses thc

palps to transfir the sperm to the lcnrale during
nating. -I'he 

Fernale lnay store the spernr in her

bodv for several months. When sl'rc lays her eges,

they are fertiliz-ecl bv the storecl spernr as rhev leave

her body 'l'l'rc number of eggs varies f}om one to
sevcral thousand, depending on thc spccies (see

lr(,(l; Fl:l{l Il.l7-AI It)N; RI--l)R()l)Ll(.'l'lON).

Most lcrnales wrap the eggs in a casc of silk. In
some species, thc fcmale dies soorr irfter nraking the

silk case. In manl' species, tl-rough, she carries tl'rc

egg sack rvith her or stays with the eggs Lrntil thev
hatch into spiderlings.

As soon as the spiderlings have hatcl'red, they start

producing draglines. Sorne use these draglines to
travel great distanccs by a process called ballooning.

I
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SPI DER-Trapdoor
The trapdoor tarantula digs
a burrow and then covers
the entrance with a lid of
silk. When an insect walks
near the Iid of silk, it causes
the lid to vibrate. The
tarantula detects the
vibrations and springs out
to capture the prey.
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In ballooning, a spiclerlins spins a draeline and lets

it get caught by the wind. Some spiderlings have

bcen fbuncl floating in thc rlir nrore than 200 rni.

[320 km] out to sea. A spic'lerling looks much like
a small adult spider. It molts several times before

reaching firll size (sec Nl()l l'lN(;).

Prey capture As far as catching prey is concerned,

there are rwo mair-r grolrps of spiders: huntine spri-

ders and web-spinning spiders. Most hunting spi-

ders lrave good vision. 'fhcv actively pursuc prey by

running afier or pourrcing on it. -larantulas 
are the

largcst and most fearsome looking of the hunting
spiders. Most of them live in burrows. The trapdoor
tarantulas cover the openings of their r.rnderground

homes with lids of silk. \When their prey walks near

the trapdoor, the tar:rntula detects the vibratiorrs,

opens the door, and captures the prey.

In contrast with the hunting spiders, most olthe
web-spinning spiclers have poor vision. They relv

on their webs to catch unsuspecting flying insects.

Thcse spiders do not activeiy pursue their prey.

Sheet-rveb weavers produce flat, horizontal sheets

of silk. Some produce two sheets and lie in wait
between them. Orb weavers produce beautiful,
complex webs that are usually circular with a defi-
nite network pattern.

A third group, typified by. thc crab spiders, sin-
ply lie in wait for their prey without making any

form of trap. They often sit in flowers and grab the

insects that come to feed. Some crab spiders can

change color to match diflbrent flowers.

SPIDER MONKEY The spider monkeys
include four species of New 'World monkeys that
belong to the genus Ateles in the faniily Cebidae.

T.hey live in tropical forests in Mexico and Central
and South America. They are about 2 ft. 160 cm]
long with a tail that is abor,rt 3 ft. [qO crn] long. 

-fhe

tail has a hairless, fingerlike tip that allows the
rnonkeys to grasp tree branches. The monkeys can

hang by their tails while they pick food with their
hands. Unlike most other monkeys, the spider
rnonkeys have no thumbs.

Most spider nronkeys have brown or reddish
brown fur. They live in groups of as many as one

SPIDER MONKEY
The black-handed spider monkey tubou.) " un ugit* rf *nrt
and moves easily through tree branches using its grasping
tail like an extra limb.

hundred monkeys. They are herbivores and usually

eat fruits ancl nuts.

See also HERBIVORE; MONKE\'.

SPINA BIFIDA Spina bifida is a congenital
condition (a condition a person is born with)
affbctins about 1 in 700 babies. Part of the bony
plate o[ the spine, which normally protects the

spinal cord, fails to develop properly in the wonrb
(uterus) (see st,tNAt. coRI)). The nerves of the spinal

cord in that area are exposed and become easily

damaged, which causes paralysis. The exposed area

of the spinal cord can become easily inFected,

which can be fatal. Spina bifida in the lower spine

often causes paralysis in the legs as well as inconti-
nence (the inability to control bowel and bladder

functions). In the Llpper spine, it can cause paralv-

sis in the arms. Surgery can repair the gap in the

spine, but there is no way oF repairing the nerves

once they are damaged. Physiotherapy, or physical

therapy, can help people with spina bifida to lead

.r/./'
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independent lives. There are many therapy centers

in the United States to help children with spina

bifida and their parents (see PHYSIO'l'HI,RAPY).

SPINACH (spin'ich) Spinach is an annual plant
that belongs to the goosefoot family (see RNNuRI-

PLAN'I'; GOOSEFOO'I' FAMILY). The spinach plant
produces a rosette of thick, juicy leaves (see I-nnn).

These leaves are a good source of vitamins A and C.

They also provide some B vitamins and they are

much richer in protein than most other leaves (see

vt'tAMtN). f'he leaves can be eaten raw in a salad,

cooked as a vegetable, or used as an ingredient in
many types of dishes.

SPINAL CORD The spinal cord is the thick
bundle of nerve cells that extends from the lower

part of the brain down the vertebral column (back-

bone) of all vertebrates, including human beings
(see NERVE CELL; NERVOUS SYS I,EM; Vb,KI.L,I]RA; VER-

TEBIT,\TE). The spinal cord carries millions of nerve

impulses in both directions between the brain and

the trunk and limbs. Pairs of spinal nerves (cordlike

bundles of nerve cell fibers) branch off from each

side of the spinal cord, carrying these impulses. The
whole spinal cord is encased in the vertebrae of the

spine (see SKELF,ToN). The spinal nerves pass

through small spaces between the vertebrae. The
human body has thirty-one pairs of spinal nerves.

SP

If the spinal cord is seen in cross section, the cen-

tral part appears gray. The outer part looks white.
The white matter is made up of nerve cells and

nerves that relay nerve impulses up and down the

cord. The gray matter has many synapses (junc-

tions) between nerve cells, where messages are

"5v7i16hsd"-that is, transferred from nerve cell to
nerve cell. In particular, many reflex actions are

caused by nerve impulses switched through the
gray matter of the spinal cord (see nnnr-nx). This
switching function is much more complex than the

message carrying of ordinary nerves. Because the

spinal cord Forms an extension of the brain stem,

and because it performs this switching function, it
is considered, along with the brain, part of the cen-

tral nervous system.

See ako BRAIN.

SPIRACLE (spir'a kal) A spiracle is part of the

respiratory system of many animals (see RESPIRA-

TION). It is an external opening through which air

or water passes. In many arthropods, such as

insects, the spiracles open into a series of branching
tubes (see INSECT). Most insects have two pairs of
spiracles on the thorax and eight more on the
abdomen (see ABDOML,N;'I'HOMX). In other arthro-
pods, such as spiders and other arachnids, the spir-

acles open into pouches containing folded membranes

(thin tissues) called book lungs (see sI'IDER).

SPIRACLE

0n this porpoise, the
spiracle is the blowhole on
the top of its head through
which it breathes out.

Spira cle
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In rrrys and sonre other cartilagil'tous fishes,

spiracles rtre associatecl with the gills (see ttsH;
(llt.t.s). Thev are sn'rall openinss iust behincl the

eyes. \(4rtcr flows through the spriracles atrcl into the

gills. In wl'ralcs, the spriraclc is the oper-rir-rg of the

nasal cavity. It is often cirllecl the blowhole (see

wHAt.E). In taclpoles, the spiracle is the single oPcn-

ing thror-rgh which wrlter flows as it leirves the gills.

When a taclpole Lrccomes an rrclult frog, its left front

leE emcrges through the spiracle.

SPIRAEA (spi r€'a) Spirrtctt is a genus of the rose

family that includes about onc hundred spccies of
herbaceous plants and sl-rrubs (see ut,nnn(lLous

I)t.AN'l-; SHRUB). Spirlleas are lound throughout tem-

perate areas of the Northern Hcnrisphcre. Thcy are

popular garden platrts because thev produce clus-

ters of beautifirl white, red, or pink flowers.

See rt/so R()SF. Ir/\i\4lt-Y.

SPIRAEA

Shrubby types of spiraea are valued for their sprays of white,
pink, or red flowers. Smaller species are known as

meadowsweet in some parts 0f the United States.

SPLEEN'fhe spleen is a large organ in thc body

that helps frlter the blood. It is about 5 in. 112.5 crnl

long ancl 3 rc 4in. 17.5 to l0 cnr] wide in adults'

Thc spleen weigl-rs about 7 oz. 1200 gJ ancl cotrsists

of deep violet-red spotrgy tissue. It is locatecl to the

left of the stomach and a little behind it.

The spleen helps filter fbreign substances fron-t

the blood. It also contains a type of white blood

cell called lvmphocytes. Lynrphocytes fight dis-

ease-causing organisnts that get into thc body.
'fhe spleen also acts as an emergency bloocl sup-

ply. It releases some of the blood it has stored if
the bodv loses blood through ar-r injurv (sec

Rl.o()D; TNlMLJNI IY).

The spleen is not an essential organ. Sometimes,

it becomcs diseased and has to be sr-rrgicallv

removed from the bodv.

See also IYMI'}HATI(. SYSl't-N'{.

SPONGE (sp[nj) Sponges are sinple, multicel-

lular animals that belong to the phylum Porifera.

All spor-rges arc acluatic, and most live in tropic:rl or

sr.rbtropical oceans. Freshwater sPonges often live

symbiotically with various types of algae (see

ALGAL,; SYI\{uloSIS). Sponges range in size lrom

about 0.8 in. [2 cm] rc 4 ft. [1.2 ml. Thev fre-

quently live in colonies of hundreds olsponges.

The body of er spongc may be tube shaped, or it
may have no particular shape. Sponges are hollow.

They have many tiny openings called pores in their

body walls. These pores lead to canals made of fla-

gellated cells called collar cells (see cnt.t-; FLAcI'-t--

LUM). The flagella in these flagellated cells beat

constantly. This creates a flow ofwater into the pores,

through the body, and out a large opening called the

osculum. Tiny organisms in the water are trapped

and digested by the collar cells. The constant flow of
water also brings in dissolved oxygen and removes

wastes. There is no nervous system to control the

sponge's activiry and each cell works on its own.

A sponge is supported by a framework of tiny
needles or long fibers, or both. The needles are

called spicules. They may be made of calcium car-

bonate or silica (see C.ALCIUM CARBONATF.; SILICA).

'fhe fibers are made of a protein called spongin.

Vhen a sponge dies, it leaves its lramework behind'

L
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SPONCE

The bright purple vase sp0nge, which grows in the waters of
the Caribbean, is unusual because it is fluorescent (it gives
off light).

Fibrous sponge "skeletons" are collected and used

for household purposes. Most of the commercially
available sponges, however, nre synthetic-that is,

human made. l-hey are designed to look and work
like naturalsponges, but they are made of plastic or
other artificial materials.

Some species of sponges are hermaphrodites, and

some have distinct sexes (see Hl.RMAl)HRol)l'l'F-) .

Both kinds releasc spcrm into the water, and some

of the sperm finds its way to tl-re eggs still nestling

inside the sponges. The sperm and eggs join up,

and each fertilized egg develops into a flagellated,

free-swimming larva (see lciti; L.ARVA). This larva is

swept out of the parent's body. After swimming
around fbr a while, the larva settles on a surface and

develops into a sessile (nonmoving) adult. Sponges

also reproduce by forming buds.

See a/so ASF.XUAI. RITPRODU(l'l lON; BUl)l)lN(1.

SPO

SPONTANEOUS GENERATION (spon

ta'n€ as .jEn'a rn'shan) Spontaneous generation is the

theory that organisms develop from nonliving
material. Early scientists had noticed that maggots

(fly larvae) would suddenly appear on decaying

meat. They thought these maggots appeared out of
nowhere-spontaneous generation. However, in
time. scientists realized that the larvae hatchecl

from tiny eggs laid by adult flies. Such observations

hclpcd disprove the theory of spontaneous genera-

tion as an explanation for how li|e arises under cur-
rent conditions.

It is generally accepted that all living things on

tarth today come from other living things.
However, many scientists are workir-rg on cxpcli-
ments to try to learn how living organisms first
developed on L,arth. Such organisms probably did
arise bv spontaneous generation.

See also t,tt v..

SPOONBILL A spoonbill is a long-legged
wading bird that belongs to thc familv
Threskiornithidae. It is closely related to the ibis
(see tBrs). The spoonbill was named for its
long, flattened bill, which is enlarged at the tip,
having a shape similar to that of a spoon. 'l'he bird
moves its bill from side to side to strain small

crabs, crayfish, and fish out of the water. The only
species of spoonbill found in North America is the

roseate spoonbill, which has a vivid pink belly,

wings, and legs. It is rather rare but can be lound
in extreme southern Florida, Texas, and Mexico.
The roseate spoonbill usually lives in shallow
salt water.
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SPOONBILL

The roseate spoonbill of North America has pink and white
feathers and a long, lrght green bill.
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SPORANGIUM (spa rin'je am) A sporangium

is a caselike structure that produces, stores, and

releases spores (see SI't)Rf.). In simple algae and

lungi, the sporangium is one celled and produces

lew spores. In more advanced organisms, such as

ferns and mosses, the sporangium is multicellular

and produces many spores.

See also ALI-l-.RNA'l-l()N ()t' (IF,NIIRATIONS; ASLXUAL

RF PR()t)U(-l'loN.

SPORE A spore is a single cell that can develop

ir-rto a new organism (see Cl:1.1.) . Spores are Pro-
duccd by many organisms as part of reproduction
(see,ltTl-ttNA'l'lON OF GI--NL,RAI'IONS; RTPRODUC-

'ttON). Algae, b:rcteria, lungi, ferns, hornworts,

liverworts, and mosscs all reproduce by spores.

The sporozoans, a typc of parasitic protozoan,

irlso produce spores (see At.c;al,; BACITERIA; FF-RN;

FUN(;USi MOSS, I,IVER\flORf, HORN\(ORT; I)ROTO-

7-OA; SI)OROZ-OAN).

Most spores are so light in weight that they can be

carried by the wind. Some spores are called

zoospores. They have one or more tiny taillike
flagella and are able to swim around in water (see

I.LAL;LLLUN{). Such spores are produced by some

algae. Spores produced by plants that live on land,

such as mosses and ferns, have thick and resistant

SPORI,

Ferns produce spores in
structures called sporangia,
which form clusters on the
undersides of the leaves
( ris ht).

outer coverings (cell walls). This enables the spores

to survive unfavorable conditions such as dryness

and high and low temperatures. Some spores

remain in an inactive, or dormant, state for years

until water and the right temperature enable them

to grow into Irew organisms.

SPOROZOAN (sp6r'a z6'an) The sporozoans

are a type olprotozoan (see PROTOT-OA). 'Ihey are

single-celled parasitic organisms that live in
almost every type of animal and even in other

sporozoans (see laR,tsttn) . Many sporozoans have

two different hosts at different times during their

life cycles. Many sporozoans are pathogenic, or

disease causing. T'he sporozoan Plasmodium, for

example, causes malaria in human beings (see

MALARIA; PI.ASMODIU x,r). Plasmodium spends part

of its life in the Anopheles mosquito' After the

mosquito bites a human or another animal,
Plasmodiunt completes its life cycle in the circula-

tory system of that animal.

Sporozoans feed by absorbing dissolved food and

body fluids from a host. All sporozoans produce

spores, usually after sexual reproduction (see

sPORE). Sporozoans also reproduce asexually by

fission.

See A/SO ASEXUAL RF,PRODUCTION; REPRODUC-I.ION.

J-
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SPRAIN A sprain is an injury in which ligaments

are torn. Ligaments are bands of tough tissue that
hold bones together (see t.tGetr,tnNr). Sprains are

common injuries that most often occur in the
ankles and wrists. They are usually caused by a sud-

den movement or fall. The movement stretches the

ligament and causes it to tear, but not completely.

When this happens, blood or other fluid may get

into the joint and cause pain and swelling (see

lotNl'). Severe sprains should be treated by a doc-

tor, who may use a plaster cast, tape, or elastic ban-

dages to bind the injured limb to limit movement.

SPRING AND GEYSER Springs (springz)

and geysers (gi'zars) are natural sources of water
from the ground. Rain and melted snow seep into
the ground and filter through the soil and rocks,

Eventually, the water reaches a maximum depth in

the ground. It is then called groundwater (see

GROUND\(/ATF-R).

The groundwater may rise until it finds a way out
to the surface to form a flow of water called a

spring. If the spring is in an area of sandstone

formations, the spring water is well filtered and

clean. In areas of limestone formations, the water is

not as pure. Huge amounts of water flow from the

limestone springs in Missouri and Florida (see

I,IMESTONL,; SANDS-I.ONB).

Mineral springs are springs in which the water is

rich in dissolved minerals (see vlNERtl). The areas

around mineral springs are sometimes converted

into health resorts or spas.

Spring water is usually cold. Some springs are

warm or hot, however, and are called thermal
springs. Some thermal springs originate deep in the

earth where the rocks are hot. Other thermal springs

form in areas of volcanic activity (see voLCANo).

Geysers are springs that thrust hot water into the

air. Geysers occur in areas of extremely hot rocks,

often where there is volcanic activity. They consist

SPRING AND GEYSER

Some springs originate
deep within the earth,
where the rocks are hot, or
in areas of volcanic activity
Such sprlngs have warm or
hot water. The geyser
pictured here is in
Yellowstone National Park
in Wyoming. The park has
more hot springs, including
geysers, than any other
area in the world.

ACTIWTY Making a geyser

Set a funnel mouth-downward in a can or jar of
water. Place the end of a length of plastic tubing
under the edge of the funnel and blow down the
tubing. Watch how the water sp0uts 0ut of the funnel,

lust like a geyser.
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of a hole at the earth's sr.rrface and a tubc that leacls

down to the rocks thirt are hcated by the earth's

interior. -l'hese rocks heat the water well above its

boilirrg point of 212"F [100'C]. The watcr crlnnot

boil, howevcr, because of the weight of the water

above it. L,ventuallv, the water at the bottom turns

to steam, causing bubbles to risc. The bubbles fbrcc

somc of the water out of the opening to thc carth's

surface. This car-rses the weight of the water to

decrease slightly, until the water at the bottom ol
the spring boils over. \7hen this happens, the water

shoots out of the surface oper-ring. 'l'hen ground-

water begins to collect in the tube oncc more, and

the erLrptiorr cycle hcgirrs again.

Geysers are fbund in \Wyoming in the United
Statcs, Iceland, and New Zealand. In some areas,

the energy of geysers is used to power electric gen-

erators and to provide heat for buildings (see

ENERGY).

C)ne of the most lamous geysers is Old Faithful in

Yellowstone National Park. Old Faithful erupts for

four minutcs every sixty-five mitrutes or so. These

eruptions reach heights of 120 to 150 ft. [37 to 46

m]. Yellowstone has other geysers besides Old
Faithful. In fact, Yellowstone contains the largest

collection of geysers in the world.

See also wAll-R lAtil L.

SPRINGBOK (spring'b6k') The springbok,
also called springbuck, is a type of antelope resem-

bling the gazelle (see aNtet.OPE; CAZtLll). The

springbok lives on thc grassy plains of southcrn

Africa. The animal gets its name from the way it
springs high into the air. When disturbed or
lrightencd, a springbok can leap up to 10 ft. [3 rrr]

in the air, "springing" repeatedly as it runs away at

high speed. 'l.he back of the animal is sandv col-

ored, with a white crest running flron-r the middle
of the back to the white rump patch. \Zhen the

springbok senses danger, this crest is raiscd, and

its ftrr stands on cnd.

Springboks are slender animals. They stand

about 2.5 ft. [76 cm] high at the shoulder and

wcigh lrom 70 to B0 lb. 132 to 36 kgl. Both sexes

ofspringbok have curved horns.

Millions of springboks once roamecl the southern

African plains, but huntcrs have killed many of
these animals over the years. The springbok has

been adopted as the national ernblem ol South

Africa.

SPRING (MECHANICAL) A spring is a
shaped piece of material with good clastic proper-

ties (see ELAsI'tclry). When a spring is clistorted, it
stores the energy that was used to change its shape.

It changes back to its original shape when the force

applied to it is removed.

There are several dilferent kincls of springs. In
automobiles, there may be leaf springs to cushion

the effects of uneven roads on the vehicle's occu-

pants. Leaf springs mre several bow-shaped pieces of
metal clamped together. Leaf springs distort by

,:,li#tr,,.!tll,.1

SPRINGBOK

The sprrngbok gets its name
from its habit of "springing"

into the air when frightened
These animals (left) are
grazing on the sparse grass
in a dried-up riverbed.
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bending. In a hclical spring, tough, springy metal is

wound into a series of coils in a cylindrical shape.

The turns of the coils may be touching, so that the

spring stores e ncrgy when it is stretched, or the coils

may be apart, so that energy is stored bv compress-

ing thenr until they toucl'r or nearly meet.

Spiral springs, coiled in a flat plane, are used in
nonelectronic watches. Winding the watch tight-
e ns the coil and stores energy. The encrgv is
released slowly and steadily through a mcchanism

called an escapemenr (see (.t.(x-K AND \xATCilt). In
the kind of spring known as a torsion bar, energy is

absorbed in the twisting of thc bar between its

ends. Torsion bars are sometimes used in vehicles.

Because springs distort in proportion to the force

appliecl to them, they are r.rseful in measurement of
forces. The simplest spring device used to measure

force is the spring balance, fbr weighing objects.

SPRINCTAIL The springtails are generallv
regarded as primitive, wingless insects belonging to
the order Collembola, although many biologists no

Ionger consider them to be insects (see Ix-SECT).

There are about two thousand known species,

ranging in size from 0.1 to 0.4 in. [3 to 10 mm].
Springtails are characterized bv a furcula, which is

a forked "spring" normally lield against the under-
side of the abdomen. A springtail can release the
"spring," catapulting itself ir-rto the air. However,

springtails usually move by walkirrg.

Springtails are found throughout the world, usu-

allv in decaving vegetation or soil. Thev eat decay-

ing matter and lungi as a rule, but some nibble
living plants. Fossils indicerte that springtails are

among the oldest animals still in existence.

See a/so FOSSIL.

SPRUCE Spruce is the common name for ever-

green, cone-bearing trees of the genus Piceabelong-

ing to the pine family (see (IONIFER; EVERGREFN;

PINE FAN{ILY). There are about fifty different kinds

of spruce trees native to the Northern Hemisphere.

Some types of spruce trees grow north of the Arctic
Circle. In the United States, spruce trees grow as far

south as North Carolina and Arizona.
Spruces are generallv pvramid-shaped trees.

SPU

SPRUCE

Spruce trees have needlelike leaves and long cones that hang
down. Their bark is rough and flaky. Pictured here are (1 and
2) Sitka spruce, (3) Serbian spruce, and (4) Norway spruce.

Their leaves, or needles, are dark green or blue
green. 'fhe needles grow in dense spirals around the

branches and point in all dircctions. Tl'reir cones

hang dowr-r from the branches and do not lall to
pieces when ripe. Spruce trees vary from 70 to 200

ft. 122 to 62 ml in height.

Large spruce trees include the Norway spruce

from Europe, the Sitka spruce from western North
America, and the Serbian spruce from central
Europe. 'I-he Norwav spruce is a quick-growing
tree. The tree is logged and used for poles, intcrior
woodwork, boxes, matches, and paper pulp (see

IUI,IBER). Small trees of this variety are sold as

Christmas trees, as are small trees of some other
spruce species. 'I-he Sitka spruce is a hr-rge tree that
is used primarily for lumber. Other spruce trces

include the white, red, and black spruces of eastern

North America.

SPURGE FAMILY The spurge (spffrj) familv
includes 300 genera (plural of genus) and about
7,000 species of herbaceous plants, shrubs, and

trees (see HLRnACFoUs pr.ANT; SHRUB; rRrr). They

*
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are all clicotyledons and srow in all but the coldest

areas of the rvorld (see otctlt't'l.F.l)()N). The flor,vers

are either staminate (male) or pistillate (female)

(see FLOWEH) . Both sexes usualll' grorv on one

plant (see MoNoF.(llOUS). In many cases, the florv-
ers form a cuplike clusrer called a cyathia. In a

cyathia, a pistillate florve r is surrounded by several

staminate flowers. They are all enclosed in a whorl
of colorful bracts, which are petallike le:rves. The
stems of plants in the spurge faniily contain a

milky white fluid.
Some spurges belonging to the genus hrphorbia

grow in dry parts of Africa and are very like some

of the cacti of America. Other members of the

spurge familv include the castor bean, cassava, cro-

ron, artd rubber rrees.

SPUTNIK (spoot'nik) Sputnik.lwas the world's

first artificial satellite (see sattLLITE). It rvas

launched by rocket fiom tl-re Soviet Union on
October 4, 1957. The rvord sputnik is Russian for
"traveler. "

Sputnik lwas a 23-in. [58-crn] diaineter sphere

with four long radio antennas. A small transmit-
ter in the s:rtellite sent radio signals that enabled

Sputnik 1's orbit (path around the earth) to be fol-
lowed by ground stations. Sputnik l orbited at a

height of betrveen 141 and 588 mi. 1227 and947

SPURGE FAMILY
The aptly named firecrest
spurge has bright reddish
orange petallike leaves
surrounding the smaller
flowers, which form a

cuplike cluster called a

cyath ia .

km]. It went around the earth every ninety-
six minutes. After 1,400 orbits, it plunged back

into the earth's atmosphere and burned up on

January 4, 1958.
Sputnib 11, laLrnchec{ a month after Sputnik I, car-

ried a dog named Laika as passenger. Sputnik III,
launched in May 1958, weighed well over 2 tons

[0.9 metric tonsl. It became the first scientifically
equipped laboratory in sp:rce. Seven nore Spuniks
were launched between 1958 and 1961. They car-

riecl scientific instruments and five nrore dogs as

passengers. The Soviets used the inforrnation thev

gained from launching the Sputniks to launch the

first human into space in April I 961.
See also SPACF, L,XPI,ORATION.

SQUID The squid is a marine mollusk belongine
to the group known as cephalopods (see CF-PHALO-

POD; MoLLUSCA). It is related to the cuttlefish and

octopus. There are about 350 species of squid, and

they are found in oceans througl-rout tl-re world, at

nearly all depths. The common squid is found
along the Atlantic coast of North America from
Nova Scotia to Florida. Some people eat squid.

Fishers aiso use the animal fbr bait.

The sqr.rid's body is shaped like a bullet, with two
fins at the tail end. The front end is surrounded by

ten arms, or tentacles. Two tentacles are longer than

I 820
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The common squid (above) has a pair of large ryrs and t*
tentacles, with which it seizes its prey. A squid moves by
sucking water into its main mantle cavity (below, top)then
contracting muscles in the mantle wallto force water out of
the siphon (below, bottom). This action pushes the squid
backward, but it can reverse the siphon t0 move forward.

Contracted animal

the others. Each tentacle has powerful suckers.

These sucking disks are used to catch and hold
prey. The squid's body is supported by a horny
rod, called a pen, under the skin. A thick cloak of
skin, called the mantle, surrounds mosr of the
body. The mantle forms a collar just behind the
head. Openings in the collar allow water to be

drawn into the mantle cavity where the gills are
(see {itLLS). After passing over the gills, the water
leaves through a muscular tube called the siphon
on the underside of the body. -I'he siphon can be

pointed either backward or forward, and if the
water is forced out strongly, the squid is moved
either forward or backward.

Like most cephalopods, squids have an ink sac.

They can squirt black clouds of inklike fluid into
the water to confuse their enemies. Squids can also

change color to blend with their environment (see

CAMOUFLACE). Many of the deep-sea species are

bioluminescent, meaning that they glow in the
dark (see BIOLUMTNESCENCE).

Most squids vary in length from 0.5 ft. to 15 ft.

[0.15 m to 4.6 m]. Giant squids, some of which
measure 55 ft. [17 m] in length (including the ten-
tacles), are the largest of the invertebrate animals
(see INVI-RTEBRATE).

SQUIRREL Squirrel is the common name for
members of the large family of rodents known as

the Sciuridae (see RODENT). There are more than
three hundred kinds of squirrels. The animals are

found almost worldwide. Squirrels can be divided
into two basic groups-rree squirrels and ground
squirrels.

Tlee squirrels, often seen in forests, are usually
lively animals with long, bushy tails. These animals
scamper on the ground and in trees. They can often
be seen leaping from branch to branch. Tree squir-
rels often have two homes, a permanent one and a

temporary one. The permanent home may be a
nest built on a branch or a den made in a hollow
tree trunk. During winter, several squirrels may
share one den. Nests used for temporary purposes

are merely loose piles of twigs and leaves. Such nests

are used during the hot summer months.
Squirrels spend much of their time searching for

;! i;
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food. They eat fruit, nuts, corn, berries, and seeds'

A female squirrel has a gestation period of thirty to

forty-five days (see cES'IxTION PF,RIoD). She may

give birth twice a year. Litters normally consist of
two to six young.

Gray squirrels, fox squirrels, red squirrels, and fly-

ing squirrels are the main kinds of tree squirrels.

Gray squirrels usually are gray on their backs and

white on their underparts. In the United States,

eastern gray squirrels live east of the Rocky

Mountains. \Testern gray squirrels live along the

Pacific coast. The fox squirrel is the largest type of
tree squirrel in North America. Some fox squirrels

grow to 28 in' [71 cm] in length, including the i2-
in. [30-cm] tail. Their fur is gray, reddish brown, or

black. Found in the east-central United States, fox

squirrels are more aggressive than most other kinds

of tree squirrels.

Red squirrels are the most active and noisiest of
all the squirrels. They are famous for the many pine

SQUIRREL

free squirreG include the soutirern flying squirret (left, top;,
which does not actually fly but glides from branch to branch,

and the tassel-eared squirrel (below), holding food in its fr0nt
paws. The western ground squirrel (bottom left) arches

its back and fluffs its tail when it is alarmed

cones they collect and store for food. A red squirrel

may gather more than a hr-rndred pine concs in an

hour. tiThen winter comes, the squirrel may have

stored three to ten bushels of pine cones. Few red

squirrels are more than I f,. pO cml in length. Red

squirrels are found in most parts of the United

States and Canada. Flying squirrels are the smallest

kind of tree squirrels. Few grow more than 10 in.

125 cml in length. The flying squirrel has a fold of
skin that stretches from the front leg to the rear leg

on each side of the body. This skin allows the fly-

ing squirrel to glide. Some flying squirrels can glide

more than 150 ft. 146 m| Unlike other kinds of
tree squirrels, flying squirrels are usually active only

at night. They are found throughout the United

States and Canada.

The other main group of squirrels, the ground

squirrels, have short tails and seldom climb trees.

These squirrels live on the ground and make bur-

rows. They feed on a variety of plant material and
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on insects and othcr snrall animals. Ground squir-
rels include chiprrnunks, marmors, prairie dogs, and
woodchucks. Many of them go into hibcrnarion
for the winter.
See A/so HIRI.,RNA I I()N.

STAINLESS STEEL Stainless steel is an iron
alloy that resists corrosiorr and stains (see Rt.t.ctv;

CORROSION; IRoN). Such rnetals as chromium and

nickel arc alloyed with iron to make stainless steel.

Stainless steel has a wide range of uses. It is used

for cutlery, kitchenware, tools and automobile
parts, and rnixing cquiprnent in thc dairy, brew-
ing, food-processing, ancl chemical industries.
Stainless steel was invented because of a chance

obscrvation. In 1913, a British gunsrnith called
Harry Brearley made various iron alloys for his

work. The ones that did not work well for his

guns, he ge nerally threw away. One day, he found
some scraps that had been sitting around for sev-

eral months. All of the scraps had rr-rsted excepr

for the alloy containing 12 perccnt chromium. Hc
used this formula to develop stainless steel.

See a/so S'l'L,L,I..

STALACTITE AND STALAGMITE
Stalactites (sta lik'titz') and stalagmites (sta

lig'mrtz') are rock formarions that occur in caves.

Stalactites hang from cave roofs like icicles, whilc
stalagmites rise from cave floors.

Stalactites and stalagrnites are usuallv for"rnd in
limestone caves. Groundwater seeping through the
limestone dissolves calcium carbonate (see c.et.-
(llUM C.ARIIONATF; (lROUNl)wA'IF.R; l.lMt-S I ONI--).

Whcn the water reaches the cave roof, it forms a

droplet. Carbon dioxide is given off b1. this droplet,
which makes the water unable to hold as much cal-

cium carbonate, and so a tiny particlc of calcium

carbonate is deposited on the cave roof. Eventually,

the cleposits accumulate to form a stalacrite.

Stalagmites form in a similar manncr, except
that the water drips from the roof or wall of the
cave to the floor. The impact of the fall shocks the

calcium carbonate out of solution and forms a

deposit. 'l'he deposits eventually accumulate to
form a stalagmite.

Sometin'rcs, stalactites and stal:rgmites meer and

form a continuous pillar from the cave floor to the
roof. Carlsbad Caverns in New Mexico and other

STA]ACTITE AND
STAIAGMITE
Stalactites (which hang
down)and stalagmites
(which grow upward) form
spectacular rocky
structures in limestone
caves. They are made of
calcium carbonate, which
comes from groundwater
seeping through the cave
ro of.

/'/ |/ i.:
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caves in Virginia, Kentucky, and Indiana contain

stalactites and stalagmites.

See also Cnvr,.

STAMEN (sta'man) The stamen is the male

reproductive organ of a flower. It produces pollen

and is usually located within the corolla, a group of
colorful petals. The bright colors of the petals

attract birds and insects that pollinate the flower
(See I,OLLEN; I,OLLINATION).

The stamen usually consists of a slender stalk

called a filament, topped by a four-chambered

pouch called the anther (see aN-runR). Pollen grains

are produced in the anther and are released when

the anther splits open. Flowers that are pollinated

by wind instead of by insects or birds often have

longer filaments. Also, the anthers are loosely

attached to the tops of these filaments. This allows

the filament and anther to swing in the breeze and

scatter the pollen when the anther splits open.

See also FLO\SER.

, Anther

,t

Filament

grarn

STAMEN

The side view (left) shows a typical stamen,
consisting of an anther at the end of a long
filament. The cross section (above) shows
pollen grains inside the anther. When the
anther is ripe, it splits open (along the dashed
lines) to release the pollen.

STANDARD TEMPERATURE AND
PRESSURE Standard temperature and pressure,

abbreviated STB are conditions often used in cal-

culations in physics and chemistry. Standard tem-

perature is a temperature of 32"F [0"C], and

standard pressure is760 mm of mercury, also called

one atmosphere or 1,4.7 lb. per sq. in. [1.03 kg per

sq. cm] (see At'MosPHERE (uNIT)). Another term for

these conditions is normal temperrtture and pressure

(NTP). Using the standard temperature and

pressure allows scientists to compare the results of
different physical processes.

See also PRESSURt; TEMPL,R\TURF..

STANDARD TIME Standard time is the sys-

tem in which the world is divided into twenty-four

specific time zones. Each zone occupies about 15"

out of 360" of longitude (see LATITUDT'- AND LoN-

CI'fUDE). Since the earth rotates once on its axis

every twenty-four hours, each time zone has a dif-

ference of one hour (see flME 7-oNE).

In the forty-eight adjacent states of the United

States, there are four time zones: Eastern, Central,

Mountain, and Pacific. Thus, when it is B n.v. in
New York City, it is 7 n.r,t. in Chicago, 6 R.v. in
Denver, and 5 A.M. in San Francisco. During the

summer, most states advance their clocks one hour.

This is called daylight saving time.

STANDING \U[/AVE A standing wave is a form

of vibration in which there is no visible movement

of a wave along the object that is vibrating (see

\(/AVE). When a stone is thrown into a still pool of
water, it causes waves that spread out. The waves

move away from the place where the stone entered

the water. If they meet the surface of a solid, such

as the side of the pool, they are reflected. Reflected

waves travel back from the solid object, in the

opposite direction. They meet new oncoming
waves and have an effect on them. If the timing is
absolutely right, the crests and troughs of the

reflected and oncoming waves will coincide. The

result is a pattern of waves that is going neither for-

ward nor backward. The waves become stationary,

or standing, waves.

\7hen the string of a violin, guitar, or other musi-

cal instrument vibrates, the same thing happens.

Standing waves are set up in the string. There is no

visible wave movement from one end of the string

to the other. The center of the string vibrates most.

The outer ends do not vibrate at all. Standing

waves like this are set up in the columns of air in

wind instruments. They are also set up by radio

waves in the antennas and electric circuits of radio

and television receivers.

See also RESoNANCE; souND.
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