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CAMOUFLAGE (kim'a flazh') Camouflage

refers to the concealment of some object by means

of patterns and/or colors that make the object hard

to see. To camouflage an object in a forest, a person

might cover it with leaves or with branches from a

tree. This would hide the object so others could not

see it easily. During wars, armies camouflage build-

ings and weapons so the enemy cannot see them.

Soldiers may wear camouflage uniforms as well.

Many animals are able to camouflage themselves

according to changing conditions. For example, the

chameleon, a small lizard, changes its colors. If it is
on a green leaf, it turns green. If it is on a brown

twig, it turns brown (see cHavu.EoN). Some ani-

mals change color with the season. The snowshoe

hare, for example, is brown in summer and white

in winter. The white fur camouflages the hare in

the snow Countershading is a common type of
camouflage in fishes. The underside of the body is

a lighter shade than the top of the body. This helps

the fish blend in with any shadows it may make.

Other animals are able to avoid being seen by ene-

mies because they look like another object. For

example, the insect called the walkingstick looks

like a rwig (see wat.xtNGSTICK).

Camouflage also helps some animals catch their

food. Because they blend in with the surroundings,

their victims do not see them quickly enough to

escape being caught.

See also MIMICRy; pRorEct'l'tvE coLoRATION.
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CAMOUFTAGE

Walklngsticks look just like
twigs and even sway gently
to copy the movement of
the surrounding branches.
Many bush crickets
resemble leaves. The one
shown here is hard to tell
from a dead leaf. The
photograph atthe bottom of
the page shows a nightjar
resting on the forest floor,
but it is very hard to see.
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Bush cricket
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CANAL A canal is a large ditch or open channel
built to carry warer. Canals range in size from
small, narrow warerways arbout 4 ft. 11.2 ml deep

to canals about 70 ft. [21 m] deep and more than
300 ft. [9t m] wide. Most often, canals have been

dug across dry land ro connecr bodies of water.
Other canals have been formed by making existing
water bodies wider and deeper.

The canals built in Egyp,, Babylonia, and China
thou.sands of years ago were all level canals. A level
canal can be built only where rhe water levels at
both ends of the canal are the same. The Suez

Canal, opened in 1869, is a level canal that was

built along the boundary between Asia and Africa
to connect the Mediterranean Sea with the Red Sea

and thus the Indian Ocean.

The Suez Canal was once the busiest canal in the
world. More than rwenry thousand ships passed

through it every year. The Suez Canal shortens the
voyage between Britain and India by 6,000 mi.

[9,700 km].
Other canals are nor level canals. They have

locks, or basins, to raise or lower the water level
along the canal. 'fhe earliest known lock canal was

built in China in a.o. 984. Locks make raising a

ship to a higher water level quite simple. The ship
moves along the canal into a lock. Watertight gates

close behind it. Water is poured in until the lock is

filled to the level of the water in the lock ahead,

raising the ship. Then the gates in lronr open. The
ship moves on. Most lock canals have several locks,
something like short flights of sreps. 1'he ship is

raised a little in each lock. \When ships are going in
the opposire direction, water is drained out of the
locks. The Panama Canal in the counrry of Panama
in Central America connecrs the Atlantic and
Pacific oceans by six locks and an artificial lake (see

LOCK (NAVrriATroNAt.)).

The Panama and Suez canals are considered the
most importanr canals in the world. In building the
Panama Canal, the United States employed thou-
sands of workers, using giant steam shovels and
dredges to build the 51 mi. [82 km] waterway. The
canal was completed in 1914, cosring $380 mil-
lion. More than fifteen thousand ships go through

CANAI
The Panama Canal crosses the narrowest part of Panama in
Central America to link the Atlantic and Pacific oceans.
Construction was begun by the French Panama Canal
Company and completed by the United States.
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the canal each year. The I'anama Canal makes it
possible for a ship to sail from New York City to
San Francisco without having to travel around the

southe rn tip of South America. The canal shortens

this trip by more than 7,000 mi. [12,600 km]. In
1977, the United States Senate approved a treaty to

return ownership of the Panama Canal to the gov-

ernment of Panama bv the year 2000.

Some canals connect inland cities to the sea. 'fhe

Houston Ship Channelin Texas has made Houston

one of the largest seaports in the United States.

This is a rare seaport, since Houston is more than

51 mi. [81 km] from the Gulf of Mexico. Other

canals open inland waterways to large ships. The

Erie Canal, completed in 1825, stretches 363 m|.

[584 km] across the state of New York. This canal

connects Lake Erie with the Hudson River. The

United States and Canada completed the St.

Lawrence Seaway in 1959. It is about 200 mi. [320
km] long. Its lock canals opened the Great Lakes to

ocean-going ships. 
-fhese ships can now travel

inland past Detroit as far as Chicago, Illinois, or

Duluth, Minnesota.
Most canals are used for transportation. Some,

however, are used to irrigate land or to carry sewage

from large cities. Most canals are less important

these days because of competition from air, rail,

and road transport. Russia, Belgium, the
Netherlands, France, and Germany still have

important canal systems in use.

CANARY

Canaries are popular cage
birds that come in a variety
of colors, often with
unusual names. Shown
here are ('l ) the oriqinal
yellow canary, (2) a Frosted
Gold Agate 0pal, (3) a
Frosted Rose Brown lno,
and (4)a Silver lsabellno.

CANARY The wild canary is a greenish yellow

bird of the finch family, seldom more than B in. [20
cm] in length. fhese birds are found on the Canary

Islands, after which they are named. \Wild canaries

live in pairs but often flock together. They build
nests of dry moss and grass in branches about l0 ft.

[3 m] from the ground. A wild canary usuallv lays

four or five eggs. In the United States, the name

wild canary is often given to the American

goldfinch, which looks somewhat like a tame

canary. \7ild canaries can sing but not as clearly

and musically as the tamed birds. The tamed birds

were bred for the quality of their song.

These birds were taken to Europe early in the

1500s. They became popular cage pets because of
their sweet song. Selective breeding has produced

many kinds of canaries. Tame canaries are usually

bright yellow. Some are orange, red, white, or pale

yellow. Different types of canaries are named for

their song style. For example, rollers have a rolling,

gurgling song. Canaries feed on seeds and leaf

buds. They also need a great deal of water for
bathing and drinking.

Each year, canaries replace some of their songs

with different songs. As a result, canaries have been

used in laboratory experiments on learning. Because

they are more sensitive to poisonous gases than

humans are, canaries have been used to discover

such gases in coal mines or during wartime, when

poison gas has sometimes been used as a weapon.
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CexcER

C",l... is er disease in which cells multiply without
control. When cancerous cells grow like this, they

destroy hcalthv normal tissue and mav even causc

death. (lancer cclls can grow in any tissue of the

body. They build up into large clumps of tissue

known as malignarlt tumors. Clumps of tissue that

are not cancerous are said to be benign tumors. A
benign tumor cloes not invade healthy tissue. A
r-nalignant tunlor car-r take the place of an organ,

thereby dcstroving it.

Cancer cells can break away from a tumor and be

carried through the bloodstream or other fluids.
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MALIGNANT MEIANOMA
A melanoma is a cancer that attacks the skin's pigment cells
(melanocytes), making them release extra pigment (shown in
red). The cancer may then spread to other tissues, such as
lymph nodes. This electron-microscope picture of part of a

human lymph node has been artificially colored to show
various types of cells.

These "breakaway" cells settle in other parts of the

body, where they multiply and start more tumors.

The movement of cancer cells to othcr parts of the

body is called metastasis. The tumors can eventu-

ally destroy the organs necessary for life.

More than one hundred types of cancer attack

human beings. Skin cancer is the most common

type but can usually be cured completely. A usu-

ally fatal kind of skin cancer called malignant
melanoma, however, grows quickly and can

metastasize, which means to move to another
location on the body. Lung cancer is the leading

cancer killer of both men and wome n and mostly

occurs in those who smoke cigarettes. Recently,

because women have learned how to recognize

early symptoms of breast cancer, the chances

of recovering from this
kind of cancer have

vastly improved.
Cancer of the bone

marrow and blood-forming i,
tissues is called leukemia. This 't
cancer involves the spreading of

undeveloped white blood cells.

Other vital cells are crowded out (see

LEUKEI\4IA). Cancer of the lymphatic system is

called lymphoma. The most common form of lym-

phoma is called Hodgkint disease.

People can develop cancer through contact with
one or more cancer-causing agents, called carcino-

gens (see CARCINOGTN). Carcinogens include pol-

lution, cigarette smoke, various chemicals, certain

types of radiation (including the sun's rays, which

can cause skin cancer), and viruses. Also, scientists

believe that a person may inherit a tendency to

develop cancer. Only a few kinds of cancer, how-

ever, are known to be passed from generation to
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generation with any regularity. The exact causes of
cancer are still not completely understood. Many
doctors think that a combination of events leads to

most cancers.

If a doctor suspects that a patient may have can-

cer, he or she may perform a biopsy to find out if
the tumor is malignant. In a biopsy, a small piece of
tissue is removed from the tumor, then looked at

under a microscope. This is done to check for the

presence of cancer cells, which look different from
normal cells. There are four basic ways of treating
cancer. If a cancer is discovered before a metasrasis

has occurred, a surgeon can cut away the tumor to
try to cure the patient. Another treatment, radia-

tion therapy, involves the use of X rays, gamma

rays, and X rays from radioactive substances, such

as radium and some forms of cobalt, to kill cancer

cells (see RADIATION THF.RAIv). A third way to slow

or kill cancer is by drugs. This method, called

chemotherapy, has become very important. Certain

drugs have proven effective in treating leukemia and
lymphoma. Also, certain drugs can make cancer

cells easier to kill by rays. ln biological therapy, the

person's immune system is treated with highly puri-
fied proteins. The proteins help activate it to
destroy cancer cells, which it recognizes as "foreign"

(see IMMUNI't'v).

Every person shoLrld be aware that sores that do

not heal, nagging coughs, lumps under the skin,

and great difficulty in swallowing or digesting food
are possible warning signals of canq-er

that should be checked by a doc-

tor. Diet is believed to play a
: :. role in preventing certain

types of cancer. A low-fat, high-fiber diet including
generous amounts of fruits, vegetables, and whole-
grain products may be beneficial.

Numerous organizations spend billions of dollars
fighting cancer in the United States. International
organizations share scientific findings, collecting
much knowledge about cancer. Such knowledge is

helping point the way toward the eventual control
of cancer.

CANCER TRI,ATMENT
Radiotherapy is a powerful way of treating cancerous
tum0rs. Here a radiographer uses a laser beam to line up a
patient (wearing a protective face mask) so that the radiation
beam is aimed exactly at the tumor.

SPREAD OF CANCER
(1) A carcinogen enters the body and reacts with parts of a

cell to begin cancer formation. (2) The body normally
produces a substance t0 neutralize the carcinogen, but it
may still enter the cell. (3) The carcinogen may enter the
cell's nucleus and damage the DNA in the nucleus. (4) When
this cell divides, two abnormal cells are produced. (5) A
promoter may make the abnormal cells multiply more rapidly
than normal cells. (6) The cells divide out of control as the
cancer grows. (7) Normal cells cease working and some

cancer cells may enter the bloodstream. (8) A
secondary cancer may develop if they

lodge in another part ofthe body.
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CANDELA (kin dEl'a) The candela is the stan-

dard unit of measurement for luminous intensity,

or the brightness of a source of light. The more can-

delas a source of light produces, the brighter it is.

One of the seven basic units of the SI, or interna-

tional system, candela is abbreviated cd.The candela

is used to calculate other units of light measure-

ment that involve distance from the light source,

such as lumens and footcandles (see FOoT-CANDLL,;

LUMEN).

CANNING
Newly made cans speed along to the canning machine,
where they will be filled and have their Iids sealed in place.

CANNING Canning is the process by which

foods are preserved by being sterilized and then

packed in cans or glass jars (see srERIt-lzATIoN).

Because air and, thus, disease-causing microorgan-

isms, have been removed from the containers,

canned food remains fresh for years (see tr'ttcltlooR-

cANISM). -l'he canning process was invented in

f795 by Nicholas Appert, a French chef. Today, it
is widelv used to preserve fruits, .iuices, meats, and

vegetables.

The industrial canning process begins when the

lood to be preserved is cooked in large stainless-

steel vats at high temperatures-212'F to 250"F

[100'C to 121"C]. The high temperatures destroy

any microorganisms in the food. The food is then

loaded into a dispensing machine. The machine

measures out portions of the food and, ofteu, some

kind of liquid, into empty cans or jars as they pass

along a conveyor, or moving belt. Any remaining

air is then removed from the cans or jars by a vac-

uum device, and lids are attached to the containers

with a seal that keeps air out. Next, the freshly filled

containers are heated at very high temperatures.

This heating sterilizes the containers and the foods

they hold. Sometimes, the canning process is some-

what different. 
-l'he 

cans and food are sterilized

before filling.
Canning can also be done ir-r the home. A pres-

sure cooker is used to cook the food, which is usu-

allv placed in glass jars rather than cans. It is

important to follow the correct procedure, or food

poisoning could result.

See also IroOD PRO(IF.SSlNCl.

CANTILEVER (kin'tl e'var) A cantilever is a

beam that is fixed at one end to a wall or other

structure and is unsupported at the other end' The

beam may be n'rade ol wood, iron, steel' or rein-

forced concrete. A simple form of cantilever is a

diving board over a swimming pool. Cantilevers are

widely used by engineers in the construction of
bridges. Cantilever beams can be long and are use-

ful in bridge building when the span to be crossed

is quite wide (see tsRIDclE). Certain cranes, such as

the hammer head cranes used around docks and in

erecting steel structures, are designed with can-

tilever arms so they can have a long reach.

CANTILE\'ER
These tower cranes are examptes of cantileversJhe main

arm that lifts the load gives such cranes a long reach.
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CAI{YON A canyon is a deep valley with steep

sides. Canyons are formed by the erosion of land over

tens of thousands of years. A narrow canyon with
nearly upright sides is called a gorge. Canyons form
some of the most spectacular scenery in the world.
The Snake River Canyon in Oregon and Idaho is

about 5,500 ft. [1,680 m] deep and 40 mi. [64 km]
long. Many small canyons are found in the Canadian

Rockies. Huge canyons occur under the oceans.

See also EROSION; ctRANI) CANYON.

CAPACITOR AND CAPACITANCE A
capacitor (ka pis'i tar) is an electrical device used to

store, or hold, an electric charge. The charge held

by a capacitor is used to control the supply of elec-

tricitl, within a circuit. The ability of a capacitor to

store a charge is called capacitance (ka p1s'i tans)

(see (-lRCUl'f, ELECTRIC).

Although capacitors vary widely in shape, size,

CANYON

The Yellowstone River flows
through a spectacular
canyon in Montana. A
steep-sided valley such as
this is the result of many
thousands of years of
erosion by the river that
flows through it.

and purpose, all capacitors are basically alike in
design. They consist of two or more metal plates

that are separated by insulation. \When a current is

passed into a capacitor, these plates build up an

electric charge. The charges of the capacitor plates

then become supplies of electricity, like the oppo-
sitely charged terminals of a battery. The capaciror

is included in a circuit to release its charge when

needed. The charge of a capacitor is called an elec-

trostatic charge. The insulating material that sepa-

rates the plates of a capacitor is called the dielectric.

The capacitance of a capacitor is determined bv

its properties and design. Capacitance increases if
the plates of the capacitor are made larger or moved

CAPACITOR AND CAPACITANCE

When a voltage is applied to a capacitor (left), electrons (- sign)
are pushed to one metal plate and pulled away from the other,
leaving positive charges (+ sign) behind. When the voltage is
removed,the charges are held bytheir electrical attraction
(center). lf the wires touch, the capacitor discharges (right).

Capacitor dischargedL:Capacitor charged

Electric spark



closer together. The capacitance is also determined
bv the insulating material that separates the plates

of a capacitor. The unit of measurement for capac-

itance is the farad. The farad is determined by
dividing the charge of the capacitor b,v the electro-

motive force, or voltage, applied to its plates. The
unic of measurement for charge is the coulomb. If
one volt gives a capracitor a charge of one coulomb,
the capacitor has a capacitance of one farad (see

CC)ULOMB; FARAD; VOLI ).

Capacitors are found in almost all electric and

electronic machines and equipment. They are clas-

sified according to their dielectric. Ceramics, glass,

mica (a mineral), plastic, air, and liquids are the

most commonly used dielectric materials.

CAPE CANAVERAL Cape Canaveral in
Florida is the sire of the John F. Kennedy Space

Center. Cape Canaveral is also home to the NASA
(National Aeronautics and Space Administration)
Lrrunch Operations Center and to the first tracking
station in the Atlantic Missile Range, which is an

area that extends 9,000 mi. [14,000 km] across the

South Atlantic Ocean. A tracking station has

instruments that are used to follow the flights of
missiles, rockets, and other spacecraft. All U.S.

spacecraft that carr1, men or women are launched

CAPE CANAVERAL

0ld rockets stand on display in the Rocket Garden atthe
John F. Kennedy Space Center, Cape Canaveral. A tracking
aerial unit is at the right foreground.

from Cape Canaveral. It is referred to as launcl-r

control. The Lyndon B. Johnson Space Center near

Houston then monitors the flight. The Johnson
Space Center is referred to as mission control.

Many important events in U.S. space travcl have

occurred at Cape Canaveral. For example, the
United States launched its first satellite, Exp/orer l,
frorn Cape Canaveral in 1958. T'he spacecraft of
the first American in space, Alan Shepard, was

launched from Cape Canaveral in 1961. The
spacecraft of the first American to orbit the earth,

John Glenn, rvas also launched lrom the site in
1962.In 1969, Neil Armstrong, Michael Collins,
and Edwin Aldrin, Jr., rocketed to the moon from
Cape Canaveral. Space shuttles have also been

launched from the cape. Space shuttles are reusable

spacecraft that carry ast[onauts.

Cape Canaveral rvas renamed Cape Kennedy in
1963 by President Lyndon B. Johnson in memory

of assassinated PresidentJohn F. Kennedy. In 1973,
the name was changed back to Cape Canaveral.

See also ARMSI'RONG, NEIL ALDEN; GLENN, IOHN

HERSCHEI-; NASA; SPACE F,XPLOMTION.
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CAPILLARY (kap'a ler'e) A capillary is a tiny
blood vessel that carries blood to and from the cells

and connects arteries and veins. The thin walls of
capillaries allow the exchange of materials, such as

food, oxygen, and wastes, between the blood and

body tissues.

See also CIRCULATORY SYSTEM.

CAPILIARY ACTION If a narrow glass tube

is lowered into water, the water rises up the tube a

short distance. This is the result of capillary action.

The attraction berween the molecules in the glass

surface and the molecules in the water surface

causes the rising of the water. This attraction
berween solid and liquid is stronger than the attrac-

tion of water molecules among themselves. The

surface tension of a liquid can be calculated from
the distance it rises in a capillary tube of known

diameter (see SURFACE TENSION).

Towels, sponges, and dry earth are porous sub-

stances that contain narrow tubes or passages.

These substances soak up water by capillary action.

Sap moves up the xylem from the roots to the stems

and leaves of plants by capillary action (see sal;
x\tEM).

CA

CARAT A carat is a unit of weight used by jewel-

ers to measure gemstones and pearls. The term is an

Arabic word meaning "seed" or "bean." In ancicnr

times, the seeds of coral trees were used as weights

for precious stones. 'fhese stones were described as

being of so many "seeds' weight" or "beans'

weight." The carat weighs 0.007 oz. [200 mg].

The term caratis also used to tell how much gold

there is in an alloy (see allov). When used this way,

carat is usually spelled karat. Pure gold is 24 karats

fine. If 14124 of an alloy is gold, the alloy is 14

karats fine.

See a/so DIAMOND; coLD.

CARBOHYDRATE A carbohydrate is a chem-

ical that contains the elements carbon, hydrogen,

and oxygen. The ratio is always 2 parts hydrogen to

I part carbon to 1 part oxygen. Carbohydrates are

one of the major kinds of nutrients (nourishing

substances) needed by all living things (see otnr).
They are the major source of energy released in res-

piration (see nnsltRerlox).
All sugars and starches are carbohydrates (see

STARCH; SUCIAR). Some of the most comnlon car-

bohydrates are glucose, sucrose, fructose, lactose,

and cellulose. Glucose is a simple sugar that is often

used in a solution for hospital patients who are

unable to digest solid food. The glucose solution is

given intravenously-that is, through a needle that
is inserted into a vein. Sucrose is the sugar known
as ordinary table sugar. Fructose is often found in
fruits. Lactose is the sugar found in milk. Cellulose

is a carbohydrate found in the walls of plant cells.

Cellulose is a major part of woody tissue and is

responsible for most of wood's strength. It cannot

be digested by the human body, but it provides

dietary fiber, which is needed for good health (see

CELLULOSE; FIBER). Some plant-eating animals,
such as horses and cows, are able to digest cellulose

because they have special bacteria and protozoa in
their stomachs. It is these microorganisms that
actually digest the cellulose. Some insects, such as

termites, also contain cellulose-digesting microor-
ganisms. Termites often do great damage to houses

and other wooden strucrures.

S ee a ls o PHOTOS\NTHESIS.

ACTIVITY Capillary action

Put s0me water into a jar or beaker. Add a few drops
of ink or food dye to make the water show up more
clearly. Dip a drinking straw into the water. Notice
how the water rises a short distance up the straw. lt
is drawn by capillary action. lf you look carefully at
the surface of the water in the straw, you will see thal
the surface curves upward where it meets the inside
of the straw.
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Carbon (C) is a nonmetallic element that is found
in three different forms, called allotropes (see ELE-

vnNr). These allotropes are diamond, graphite,

and amorphous carbon. These allotropes are differ-

ent because their atoms are joined together in dif-
ferent ways. 'I'he atoms of diamond are held
together very strongly. This makes diamond one of
the hardest substances known. The atoms of car-

bon in graphite are not held together so strongly. It
is one of the softest substances known. Diamond
and graphite are crystalline forms of carbon.
Powdery forms of carbon are called amorphous car-

bon. Charcoal, coal, and carbon black (soot) are

examples. Amorphous carbon will burn in air and

combine with oxygen to form carbon dioxide (see

CHARCOAL; COAI,; CRYS-IAL; DIAMOND; CRAPHII.E).

Carbon is very common. Diamond, graphite,

and coal are found in nature. Carbon also occurs in
nature as compounds in minerals such as lime-
stone, chalk, and marble. Oil and natural gas con-

tain carbon compounds called hydrocarbons (see

HYI)ROC]ARBON).

Carbon forms more compounds with other ele-

ments than does any other element. Over a million
compounds of carbon are known. This is because

carbon atoms can join together to form very large

molecules. Any compound that contains carbon is

.,j ".1'::

said to be organic. The special branch of chemistry

that studies carbon compounds is called organic

chemistry (see COMPOUND; ORGANIC CHEMISTRY).

IJses of carbon Carbon has many uses.

Diamonds are used in jewelry. Because they are so

hard, they are also used in industry as cutting edges

for tools. Graphite is soft and slippery. \When

CARBON'S USES

Carbon is used in many differentforms. The most commonly
used natural form of carbon is coal (above). Other forms of
carbon are shown below. Pencil "lead" is actually graphite,
another form of carbon. Diamond is a different and much
rarer naturalform. Carbon is also the raw material for making
synthetic diamond used in cutting teeth of rock drills.Other
everyday products, such as ink and tires, contain carbon.

'.' r':Li,;
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powdered, it is used to lubricate machinery. In its
solid form, it is used for pencil leads. Coal is widely
used as a heating fuel and to make coke. Coke is a

purer form of coal. Coke is also used as a heating

fuel, and it is added to iron to make steel (see

Col{E). Charcoal is used as a cooking fuel and in fil-
ters to remove fumes, odors, and impurities from
air and water. Carbon black is a very fine powder

used in making black printing ink.
The compounds of carbon also have many differ-

ent uses. Silicon carbide is a very hard material that
is used as an abrasive called Carborundu.m. Many
of the most useful carbon compounds are poly-
mers. All plastics are polvmers, and they all contain
carbon (see I'}LAS'l'l(i; POI.YMER).

Carbon in life Carbohvdrates are an important
group of carbon compounds that are necessary ro

life. These compounds are combinations of carbon,
hydrogen, and oxygen atoms (see CARBOHYDR{TE).

The carbon in living things comes from the carbon

dioxide in the air (see CARBON CIYCI-E,; CARBON

DIOXIDE). A small part of carbon dioxide conrains
an isotope (a different form of an element) called

carbon-14. This isotope is radioactive. \When

things die, the carbon-14 in their bodies starts ro

decay and change into ordinary carbon. By mea-

suring how radioactive something is, scientists can

tell how long it has been dead. This is called

CARBON

CARBON FOR COOKING
Charcoal is almost pure
carbon. lt burns without
producing smoke or fumes
and is ideal for a barbecue.

radiocarbon dating (see DATINcI; tl\l)IOACTTVITY).

Carbon's atomic number is 6. Its relative aromic
mass is 12.011. Carbon does not melt. Instead, it
changes directly from a solid to a gas. This is called

sublimation (see SUBLIMAI'ION). Carbon sublimes

at about 6,332"F [3,500'C]. The relative density of
carbon varies. That of diamond is between 3.1

and 3.5; graphite is between 1.9 and 2.3; amor-
phous carbon is between 1.8 and 2.1 (see RF,t.ATIVI

DENSTTY).

VAIUABLE CARBON

Diamond is a kind of pure crystalline carbon. lt can be cut
and given many facets (faceslthat catch the light and make
the gem sparkle. This large 2-carat diamond was mined in
South Africa.
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CARBON CYCLE Carbon is a necessary ele-

ment lor all living things. The mair-r source of carbon

for life is the carbon dioxide in the air (see cIARBON;

cARBON DIOXIDF.). This gas is taken from the air by

plants and returned to it by all organisms. This is a

continuous cycle necessary to life. It allows the lim-

ited carbor-r dioxide in the air to be constantly reused.

Green plants take in carbon dioxide and combine

it with water from the soil to make sugars and other

more complex carbon compounds. This process is

powered by the energy of sunlight and is called

photosynthesis (see PIJOI'OSYNI'HESIS)' Creen

plants return carbon dioxide to the air in two ways.

During the night, they give off carbon dioxide.

They also give off carbon dioxide when their
remains decay after they die.

Animals, including humans, use other animals

and plants as food. 'fhe food is made up of com-

pounds containing carbon atoms. These com-

pounds include carbohydrates, proteins, and fats,

all of which are broken down by digestion into

smaller molecules. These smaller molecules are

used for growth and rebuilding tissues. Also, as the

molecules are broken down, energy is released.

Carbon dioxide is a waste product formed during

CARBON CYCLE

Plants use carbon dioxide gu, to tuk, food, brt the arnount
of carbon dioxide in the air remains m0re 0r less constant.
This is because carbon dioxide is continuously recycled
through the carbon cycle. Carbon dioxide is released into the
air when animals breathe out, when plants and animals
decay, and whenever anything burns.

these chemical reactions. lt is returned to the air as

animals exhale. Like plants, animals also give off
carbon dioxide when they decay after death. The

decayed remairts of both plants and animals form

fuels sr-rch as coal, oil, and natural gas. When these

fuels are burned, carbon dioxide is released into the

atmosphere .

See A Is o RESPIRA'I.ION.

CARBON DIOXIDE Carbon dioxide (CO,)

is a colorless gas. It is heavier than air and makes up

about 0.04 percent of the earth's atmosphere . 'fhere

is fifty times more carbon dioxide in the ocean than

in the atmosphere. Joseph Black, a Scottish physi-

cian, discovered carbon dioxide in 1756.

$7hen carbon burns, it combines with oxygen in

the air. If the oxygen supply is plentiful, carbon

dioxide is formed. Additional carbon dioxide is

released into the air bv all living things during res-

piration (see RL,SPIRAI'IoN). For example, when a

person exhales, his or her breath contains about 5

percent carbon dioxide. Carbon dioxide is also

released when organisms decay and when fuels are

burned (see CARBON CIYCLE).

Carbon dioxide does not burn and does not sup-

port combustion. For this reason, it is widely used

in fire extinguishers. Carbon dioxide dissolves eas-

ily in cold water. It is the bubbly gas put into soda

pop under pressure. This is called carbonation.

Fermentation, a process used in making a variety of
foods and beverages, also produces carbon dioxide.

\ *o.-.s
d'* Txir'w'
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For example, the action of vcast in bread dough

produces bLrbbles of carbon dioxide that cause the

bread to rise (see FEI{MEN'IATION).

When carbon dioxide is cooled below -109.3'F

[-78.5'C], it becomes a solid material known as dry

ice. Dry ice does not melt into a liquid under less

than 1 atmosphere pressure. When it warms, it
changes directly into a gas (see sLJllt.lMAfloN). Dry
ice is an excellent refrigerant.

In addition to sunlight and water from the soil,

plants need carbon dioxide from the air (see I'Ho-

TOSYN'IllESIS). Carbon dioxide in the air absorbs

heat from both the sun's rays and the earth. It holds

this heat, acting like a blanket over the earth. This

is known as the greenhouse effect. Many people

believe that the greenhouse effect is intensifring,
which could greatlv affect the earth's climate (see

CRt[,NHOUSL, I]FFF.C.'l').

CARBON DIOXIDE

The bubbles in carbonated,
or ftzzy, drinks are carbon
dioxide gas. The gas
remains dissolved in the
liquid while it is in a sealed
bottle or can. When the
container is opened and the
pressure released, the
bubbles come out of
solution and the drink fizzes.

CARBON FIBERS Carbon fibers are long

strands of carbon. They are used to make a strong,

lightweight material by laying them in a synthetic

liquid resin that sets hard. The fibers may be woven

rogether for added strength. Before the resin sers,

the fibers can be molded into any shape. Some golf

club shafts, tennis rackets, fishing rods, car bodies,

and parts of aircraft and rockets are made from

carbon fiber.

'fhe first carbon fibers were made at the ertd of
the nineteenth century by the American inventor
-l'homas Alva Edison. He made them by hcating

strips of bamboo to carbonize them for use as elec-

tric light filaments. Since the 1960s, carbon fibers

have been made by carbor-rizing fibers of a synthetic

textile material called polyacrylonitrile, better
known as the material Courtelle. The fibers are car-

bonized by heating them in a vacuun.

CARBON FIBERS

Carbon fibers can be molded into almost any shape. Their
combination of lightness and strength is idealfor fishing rods,
which have to be long and thin, but also strong and light.

CARBONIFEROUS PERIOD (kar'ba niP

ar as pir'€ ad) The Carboniferous period was a geo-

logical period that began approximately 363 mil-

lion years ago. It lasted for 73 million ycars. The

period is divided into an older part, the

Mississippian period, and a more recent part, the

Pennsylvanian period (see {;EOLoC;lcAi- l'lMI-

SCALE).

During the Mississippian period, vast deposits of
carboniferous limestone were fbrmed. Coal, nat-

ural gas, oil, and deposits of lead and zinc also

began to form. Shelled animals, fish, and amphib-

ians were plentiful. The first mosses appeared.

Many coral reefs were formed.

In the Pennsylvanian period, lavers of coal were

formed from the rich plant life growing in the

swamps (see co,qr-). These plants included trees
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CARBONIFEROUS
PERIOD

Dense forests grew on
swampy land in the
Carboniferous period. As
these plants died, they were
buried under thick layers of
mud. As they sank ever
deeper, the increasing
pressure changed them into
coal. Sometimes the shape
of one of those plants can
be found as a fossil in a

piece of coal today (inset).

that grew to a height of 100 ft. [30.5 m]. Large

insects lived, and giant ferns grew in the forests.
'I'he first reptiles appeared at this tin're.

The (larboniferous period is often called the "age

of amphibians" because thc first truc amprhibians

emerged and multiplied (see Alv'IPHIBIAN). Also, lifb
in the sea was abundant and included coral. mol-
lusks, trilobites, and manv different types of fish
(see I'RII.t)Blll:).

CARBON MONOXIDE Carbon monoxide
(CO) is a colorless, tasteless, odorless, and highlv
poisonous gas. It was first prepared in the labora-

tory in I776bv J.F-. de Lassone, a Frcnch chemist.

In 1800, William Cruikshank, a British chemist,

identified the composition of carbon nronoxide.

Carbor-r monoxidc can be prodr-rced by faulty
stoves and furnaces that do not have enough oxy-

gen to burn their fuel completely. Automobile
engines also produce large amounts of carbon
monoxide. Carbon monoxide contributes to air
pollr-rtion. Cigarette smoke contains a very small

amount ol carbon monoxide. This tiny amount
can be harnrful, especially to people who have arte-

riosclerosis or emphysema (see ARfF.RIOSCLEROSIS;

F.MPHYSF.MA; POLI.UTION).

Because carbon monoxide has no color, no taste,

and no smell, people n-ray breathe it without
rcalizing that they are being poisoned. Carbon

monoxide prevents the hemoglobin in the blood
from supplving oxygen to the body. Without oxy-

gen, a person soon dies. One way to prevent carbon

monoxide poisoning is to make slrre that all gas-

burning appliances and fixtures are well ventilared.

Also, car engines should never be run in a closed

garage.

Carbon monoxide is used in industry as a fuel.

Coal gas and water gas contain carbon monoxide
(see ctlRt- clas). Carbon monoxide is somerimes

used to separate mctals from their ores and to
purif, metals. Chemists also use carbon monoxide
to make other chemical compounds.

CARBURETOR (kar'ba ra'tar) A carburetor is

that part of a gasoline engine that mixes gasoline

and air. This supplies an air-gasoline vapor mixture
for fuel. A carburetor is basically a barrel (a metal

tr"rbe) with a narrow part in its middle, called the

ven tLlri.

As the engine runs, a vAcuum is created by the

movement of the pistons. This vacuum sucks air
into the carburetor from the outside. Before enter-

ing the carburetor, the air passes through a filter
that traps dirt. As the air passes through the ven-

turi, it is mixed with gasoline that is pumped in
through one or more nozzles. The resulting gaso-

line and air mixture passes out the other end of
the barrel into an intakc manifold. The intake
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manilold carries the luel vapor to the place where it
is ignited in the engine.

Carburetors may have one or more barrels. Most

engincs have only a single-barrel carburetor, but
racing engines can have six barrels or more. The

added barrels allow more fuel vapor to flow, result-

ing in higher speeds. Not all gasoline engines have

a carburetor. Some engines have a fuel-injection
system that squirts fuel into the cylinders.

See also L,NGINE.

CARCINOGEN (k1r sin': jan) A carcinogen is

any substance that causes a growth of cancerous

body tissue. Examples of carcinogens are certaiu

chemicals and certain viruses.

See ako CANCER; vlRUS.

CARDIAC MUSCLE Cardiac muscle is the

special musclc that makes up the major part of the

heart. Unlike other muscles in the body, cardiac

muscle does not become tired (fatigued).

Cardiac muscle is madc up of long, branching

muscle cells containing many bundles of muscle

protein. 'fhe cells are separated by disks. This struc-

ture allows the heart muscle to shorten itself (con-

tract) in a highly coordinated way when it receives

nerve impulses, so each chamber of the heart can

contract when it should and relax back to its former

size (rest) when it should.

Cardiac muscle cells also contain a lot more mito-

chondria than other muscle cells (see cIELL; MITO-

CHONDRIA). These use up food and oxygen

molecules to give the cells the energy to contract.

This means that cardiac muscle needs a constant

supply of food and oxygen from the cardiac arter-

ies to work, and is easily damaged if the supply is

cut off or restricted.

See also HLART; HITARI DISEASF..

CARDINAL The cardinal is a songbird that
belongs to the finch family, Fringillidae (see

FINCH). It is found in the central and eastern

United States and in a small area of the southwest-

ern United States and Mexico. The cardinal reaches

a length of 7 .7 5 in. [19.4 cm] and has a crest on its

head. The crest is a group of feathers that form a

point. Male cardinals are bright red. The females

are reddish brown. Although most songbirds
migrate to warmer areas for the winter, cardinals

live in the same place allvear round.

See also MtGIIATION.

CARDINAI
A male cardinal perches on a bush in the Sonoran Desert of
Arizona. The cardinal is a seed-eating bird. Like other seed
eaters, it has a large, powerful billfor cracking the shells to
get the nutritious food inside.

CARIBOU (kar'a boo') The caribou is a large

deer of North America that is closely related to the

reindeer of northern Europe and Asia. Like the

reindeer, it has antlers on both the male and the

female. Caribou usually travel in large herds, graz-

ing on grass and other small plants. Caribou are

well known for their migrations, which cover hun-

dreds of miles. The male may reach a height of 5 ft.

[1 .5 m] at the shoulder, a le ngth of 8.25 ft. [2.5 m],

and a weight of 704Ib. [aZO kg]. The female,

smaller than the male, gives birth to one calf in the

late spring. The hoof of the caribou is flat with a

deep division, or cleft. This cleft allows the foot to

spread out for support on snow and on icy ground.

There are two types of caribou. The barren

ground caribou spends the summer on the tundra
(windswept plain) of Alaska and northern Canada,

and moves south into the forests for the winter. The

woodland caribou, larger and darker than the bar-

ren ground caribou, lives all year in forests of the

northwestern United States and Canada.

307



CAR

Eskimos and some northern Native Amcricans

hunt the caribou. They use its meat for food and its

hide, bones, tendorrs, and horns for other items

they need.

See a/so RF-lNI)F-liR.

CARIBOU

This male caribou lives on the Alaskan tundra in summer. lts
huge antlers will fall off at the beginning of the winter, after
the mating seas0n, and its fur will grow longer to protect it
from the cold. Females are smaller than males and have
much smaller antlers.

CARIES Caries, or tooth decay, is the most com-

mon disease of the teeth. It is the most common

cause of tooth loss ir-r people under the age of thirtv-
five (see I'EIITH).

The development of caries involvcs a substance

called plaque. Plaque is a sticky film that is always

forming on the teeth. \i/hen food particles remain

on the surface of a tooth, the bacteria in plaque act

on the sugars and starches in the food to form an

acid. This acid attacks ar-rd begins to dissolve tooth
enamel, which is the hard, protective covering of
the tooth. If not treated, the decay creates a hole in

the enamel and continues through the dentin (the

layer of the tooth bencath the enan-rel) toward the

inside of the tooth. As the decay nears the pulp (the

solt center of the tooth), the nerves in the pulp
become irritated, and a toothache develops. If the

caries reaches the pulp, the pulp may become

infected, and an abscess may lorm. An abscess is a

pus-filled sac that forms near the root of the tooth.

It contains harmful bacteria that can enter the

bloodstream and cause infections in other parts of
the body (see n,tctr.RlA; INFECTIoN).

Caries usually forms where the teeth touch one

another, along the gum line, or on the chewing sur-

faces of the molars. The best way to prevent caries

is to keep the teeth clean. Dentists recommend

brushing the teeth after every meal and using den-

tal floss once a day. Brushing removes food and

plaque from the surfaces of the teeth. Flossing

removes food and plaque from between the teeth.

Use of a fluoridated toothpaste also helps prevent

caries. Many dentists "paint" childrent teeth with
fluoride compounds. Some communities add fluo-

ride compounds to their water supplies to help

strengthen enamel and prevent caries.

During regular dental checkups, the dentisr can

find caries and other problems of the teeth before

they become serious. The dentist or dental
hygienist can also clean the teeth to remove calcu-

lus, a hard, yellowish substance lormed by the

buildup of plaque (see DENTISITv). At the early

stages, caries is reversible. Fluoride pastes may be

applied directly to the surface of a small caries site

if the decay has not penetrated the dentine too

deeply. This process will often encourage the

replacement of the enamel. This is called rem-

ineralization. But once the decay has gone too far,

the dentist must remove the decayed area with a

small drill. Once the dentist has removed the

decay, he or she fills the hole with easily molded

metal mixtures (amalgams) , containing silver or

gold. Recently, plastics and other synthetic
(human-made) compour-rds have been used to fill
caries with great success.

CARNEGIE, ANDRE\UT (1835-1919)
Andrew Carnegie was an American industrialist
and philanthropist who founded United States

Steel Corporation. His philosophv was to acquire

wealth first and then to distribute it for the general

good.

Carnegie was born in Scotland on Novemb er 25,

1835. He and his family moved to the United
States in 1B4B and settled near Pittsburgh,
Pennsylvania. Carnegie was a classic example of the
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'American dream." His first job paid $ 1.20 a week.

He soon worked his way up through several com-

panies. By the time he was twenty-fbr.rr vears old,

Carnegie had madc wise investmcnts and was on

his way to becoming a multimillionaire.
In 1864, Can-regie became interested in iron and

steel. He brought the Bessemer process of steel pro-

duction to the United States in 1868 (see BF-sSh,-

\4ER, SIR HF-NRY; STEF.I.). ln the next thirty years,

Carnegie bought or established several other stcel

companies, all of which prospered. In 1899, they

were merged to form the Carnegie Steel Company.

This was renamecl United States Steel Oorporation

in 1901 .

Carnegie, by then one of the wealthiest men in

the country, set about distributing his money for
worthy purposes. During his lifetime, Cartregie

gave away more than $350 niillion. He left large

sums of moncy to several foundations that carry on

his charitable work.

CARNIVORE (k,i.".ta vor') A carrnivorc is au

animal that eats meat. Many carnivores belong to

the order of mammals called Carnivora. This order

includes cats, dogs, wolves, bears, and weasels.

Carnivorous animals have special teeth for tearing

and slicing meat. 'l'hey also have special enzymes in
their bodies for digcsting the neat.
See also C.ARNIVOROUS I)l.AN'l'; IIIIRBIVORL.; OMNI-

\roRL,. PROJECT 65

CARNTVORE

This tiger's skull shows the huge canine, or eyeteeth, used
for stabbing and tearing the prey, and the razor-sharp cheek
teeth with which the carnivores slice up the meat. The jaws
are worked by powerful muscles attached to the skull.

CA

CARNIVOROUS PLANT (larn ivorous (k,ir-

niv'ar as) plants are species of plnrnts that capturc

and absorb insects for fbod. -I'hese plants are able to

producc their own food through photosynthesis as

other plants do, but they get nitrogen fr-om the

ir-rsects. Also called it-rsectivorous plants, thev ustt-

allv grow in areas where nitrogen is scarce, such as

bogs. 'l'here are many diflerent kincls of it-rs.rctivcr-

rous plants, but the best known is thc Venus's-

flvtrap, which traps itrsects on its spikv leaves. The

pitcher plant attracts insects to a colorfttl sac

and then drowns them irr the liquicl insidc. The

sundew plant I'ras sticky tentaclcs on which insccts

become stuck.

See also INS t--(l l lVORF.r VL.N US'S-FI Yl'RAl).

Trigger hair

CARNryOROUS PI-ANT
(1)When an insect touches one of the trigger hairs on the
leaf of the Venus's-flytrap, the trap snaps shut around it like a
cage. Juices from the leaf digest the trapped insect. (2) This
crane fly has become trapped on the sticky tentacles of a

sundew plant. (3) The pitcher plant contains a liquid in which
insects drown before being digested.

(
rlf " 1

bi-*
i
j
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CAROTENE Carotene is an orange yellow pig-

ment louncl in plants. It gives a carrot its orange

color. Carotene also gives colors to lrellow and

orange flowers atrd causes leaves to turn yellow or

orange ir-r the alltllnur. Carotene helps a plant make

food durin g photosyntl-resis (see I'H ( rl'oSYN'l'H I'-Sl s).

In the liver of humans and other aninrals, carotene

is changed into vitanrin A (see vl'lAMlN). When

carotene combines with oxygert, another yellowish

pigment, callcd xanthophyll, is formed (see xAN-

t tt()PHYLi.) . There is some evidence to suggest that

carotene may be important in preventing cerrain

tvpes ofcanccr.

CARP'fhe carp is a freshwater fish that belongs

to the carp and minnow family, Cyprinidae. The

carp is a large fish. Most people do not realize that

it is closely related to the goldfish. The carp is

thick-bodied, with two pairs of barbels (thin, fleshy

growths) at the corners of its mouth. The fish can

weigh as much as 60 lb. 127 kg) and reach a length

of morc than 3.3 fi. [1 rn] (sec ci()LDFISH; MINNOW).

Carp are native to Europe and Asia. They were

brought to the United States in 1832. By I 896,

carp were widespread in the United States. Carp are

able to live in badly polluted water. Carp are a pop-

ular food fish in Asia, Europe, and some parts of
the United States.

The carp likes still or slow-moving water, where itfeeds on a

wide range of insects and other small animals.

CARRIER A carrier has two meanings in medi-

cine. People can be carriers of a disease if they have

the disease-causing organism in their bodies but do

not show the symptoms of that disease. This hap-

pens for bacteria (e.g., cholera) and viruses (e.g.,

AIDS). Carriers can pass on the disease without
knowing they are infected.

Thc other type oFcarrier is involved in son-re dis-

eases c.rused by a specific gene (see (ll--Nlr'l'lcS).

Sometimes, an individual has to have one set of
that gene from both parents belore the disease

develops (this is called a recessive gene). If only one

recessive ge ne is present, the disease does not

devclop. Howcver, the person can pass on the

disease-causing gene to his or her children. That

person is a carrier for that gene, as are the children.

For example, hemophilia and color blindness arc

inherited from carriers (see (l()t.oR Rt.lNl)Nf.SS;

HL-MOPHIl.rA).

CARROT The carrot is an edible orange root

that belongs to the parsley family. Although the

carrot produces stems and leaves above the ground,

it is the underground root that is eaten as a veg-

etable. Carrots are rich in sugar, iron, and carotene

(sce CAROTENF.; PARSLEY FAMILY).

(larrots are grown throughout the world. They can

be roasted and ground to be used as a cofFee substi-

tute. The Romans and Greeks used them as nredicine.

CARROT

Carrots store food, mainly in the form of starch, in the outer
part of the root.

CARSON, RACHEL LOUISE (1907_

1964) Rachel Carson was an American writer and

marine biologist. Carson is best remembered for

her books, especially Silent Spring, published in
1962. This book warned of the consequences of
unwise use of pesticides. The book said that pesti-

cides pollute the earth's water. This pollution harms

and kills organisms that live in the water, thus

breaking the food chain. The book led to restrictions
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on the usc of pesticides in manv parts ol the worlc'l

(rcc l ()r )l) ( l lAlN; l,l \ l l( Il)l ).
(larson was born in Springdale, Pcnnsylvania.

She was graduatecl from thc Pennsvlvania Oollegc

for 'Wome n in 1929. (,arson the n str-rdied and

worked at a marine biology labclratory :rt \Wcrods

Hole , Massachuse tts, ancl at Johr-rs Hopkins
University in llaltin-rore, Maryland. In 1936, she

yoined thc U.S. Bureau of Fisheries (now the U.S.

Fish and Wildlife Servicc). She became editor of
the bure:ru's publications.

CARTIIAGE Cartilage is a type of strong con-

nective tissue lound ir-r the bodies of vertebretc eni-

mals (see (-()NNH(.'l'lVt.'l'ISsL,rE; \'l:I{'l'l:IlI{A'l'F.).

Cartilage has manv roles in the human bod,v. Ir pro-
vides support for ccrtain bodv parts, such as the

ears ancl nose. lt irlso connects bones, such as the

ribs and breast bonc. Clartilage can cushion, too.

There is a great deal of cartilagc arouncl the knee,

r,vhere the tisstre helps absorb the shock of walking

and running.
Before an anirnal is born, most of its skeleton is

cartilage. Much of the skele ton changes into bone

soon after birth. -l'he 
skeleton of sharks and other

primitive fishes is all cartilage. Oartilage is also

called gristle.

See d/so AR-l'HRl'l lSi UoNF.: SKF-t-1.'l'()N.

CARTOGRAPHY (krir t6g'ra fe) Cartography

is the art and science of making maps. A nrap is a

representation, usuerlly on a flat surface, of all or

part of the features of the earth and other planets.

See also i\{AP AND NiAI'l'lN(;.

CARVER, GEORGE \TASHINCTON
(1864-1943) George tWashington Carver was an

African-American who is lamous for his research in

agriculture. He began the science of chemurgl,,

which is the use of agricultural products in indttstrrr

Carver was born a slerve on a farm near Diamond
Grove, Missouri. Carver's parents were killed when

he was voung, and he was raised by the people who

had been his owners. Carver became a free person

when slavery ended in 1865. As a child, he was verv

interested in trature. Carver eventually became

CA

known as "the plant doctor" Lrccausc hc hacl learned

so mtrch about plants ar-rd their grorvth.

Carvcr was gracluatecl frorn Iowa State

Agriculttrral Collcec, which is nolv Iowa St:rte

Univcrsity, in 1i194. Clarver then took a job at the

college as an :rssistr,rnt botanist (see B() l'A\\'). Whilc
he sttrdied to get I'ris master's degree, Carver took

care of the college's greenhousc. I)Lrring this tinre ,

he developed a collection ol cx,er t\\,entv thousand

species of fungi, scvcral of which were n:rrlcd after

hinr (see I-UNGLIS).

In 1 896, Booker'l. Wasl'rineton inr.'itecl (larver to

head thc ncw l)epartment of Agriculturc at the

Tuskegee Institute in Al:rban'ra. Washington wrrs an

African-Arncrican leacler, educator, ancl founcler ol
Tuskcgce Institute, a colleee for blacks. l)espite the

fact that Carver hird to set Llp l"ris dcpartn'rcnt rvith

lew resources, his r.vork there greatlv changecl aqri-

culturc in the Sotrth. (larver's goal was to incrcasc

the productivity of sor-rthern farms in order to help

small farrrrers makc a profit. He persuadcd south-

errr firrmers to grow crops such as peanuts, pecans,

and sweet potrltoes, rvhich rctunr nutrients to the

soil. These fnrmers had been planting crops such as

cotton, which removc nutrients fi'orn the soil. To

increase thc clemancl for these nclv products,
C:rrver invented uses for thenr. He developed over

300 prodLrcts fronr the peanut, ir-rcluding instrrnt

GEo RGE \rAsHrNGrO ry!44YlR
George Washington Carver becarne famous as an
agricultural researcher.
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"coffee," ink, plastics, and soap. He developed 118

products lrom the sweet potato, such as flour, rub-

ber, and shoe polish. Carver's experiments in
chemurgy also led to the creation of synthetic, or

human-made, marble from sawdust. When \World

War I (1914-1918) prevented the United States

from importing dyes from Germany, Carver cre-

ated over 500 dyes from 28 different plants.

Carver won many awards for his work, including
election to England's Royal Society in 1916. In
1953, the U.S. Congress established the George

\Tashington Carver National Monument on the

Missouri farm where he was born.

CASEIN (ka sen') Casein is the main protein in
milk. Lumps of casein, called curd, can be sepa-

rated from milk by adding acids such as lemon

.juice or by allowing the milk to sour. Pure casein is

a white, tasteless, odorless, custardlike material. It
can be eaten as a food or used to make cheese.

Commerciallv produced casein is washed, dried,

and ground into a powder. This powder is used in

cosmetics, medicines, glues, and plastics. Casein

plastic was first produced in 1897. It is still used

today to make buttons, buckles, and knitting
needles.

CASSAVA (ka s:i'va) The cassava is a small, ever-

green shrub belonging to the spurge family (see

SPURC;|, FAMILY). Cassava, also known as manioc, is

raised in South America, Central America, and the

CASSAVA

0riginally from tropical
America, cassava is now
one of the most important
food crops throughout the
tropics. lts starch-filled
roots can weigh over 22 lb.

[1 0 ksl.

southern United States for its edible roots. These

often reach a length of 3.3 ft. [1 m] and a diameter

of 8 in. [20 cm].
There are two main varieties of cassava. One is

sweet cassava, whose roots can be eaten raw or

cooked like potatoes. The other is bitter cassava. Its

roots contain a poison that must be removed before

the roots can be used. Purified bitter cassava roots

are used to make tapioca, flour, and laundry starch.

CASTING Casting is a way of shaping an object.

First, the material of which the obiect is to be made

is turned into a liquid by heating it. Then, the liq-
uid is poured into a mold and left to harden. The

shaped object also is called a casting, or a cast.

Egyptians were casting bronze in molds more than

3,500 years ago.

Before materials are cast. a pattern is made. 'fhese

patterns are used to make the molds from which

the casts will be made. One-piece patterns are

called loose patterns. Loose patterns are used to

shape very large objects. Usually, only a few of these

objects need to be made. A match-plate pattern is

made by dividing the pattern into halves. A split

pattern is made of halves that can be fitted and

locked together.

Many metals are cast in green sand. Green sand is

a mixture of sand, clay, water, and a binder. -Ihe

binder holds the grains of sand together. If a metal

is going to be cast from a split pattern, one-half of
the pattern is placed on a board, with the flat side

down. The board is then surrounded by two boxes,

making up a flask. Sand is packed very hard around

the pattern, filling the spaces berween the pattern

and sides of the flask. The board is then removed.

The other half of the pattern is fitted to the first

half. Sand is packed around this half. The top half

of the flask is called the cope, and the bottom half
is called the drag. After the pattern is taken out of
the sand, the cope and the drag are fitted together

to make a mold. A small opening, called the gate, is

formed in the cope, allowing the substance to be

poured into the mold. The substance cools in the

mold, forming a solid. The sand is then broken

away. This type of casting, called sand casting, is

widelv used.
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Permanent-mold casting is similar to sand cast-

ing. The difference is that the mold, or die, is made

of metal. The same die may be used many rimes,

instead of a new one being made for each cast. Pit
molding is needed to make extremely large casts.

Such casts are molded in a deep pit. It may take up

to several weeks to complete the cast in a pit mold.
In centrifugal casting, molds are spun around while
the metal is being poured.

Shell molding, die casting, and the lost wax
process are three methods used to make accurate

castings. In shell molcling, the pattern halves, from
0.25 to 0.5 in. [6 to 13 mm] in thickness, are held
together by weights or clamps. The pattern is

heated and placed in the molding substance. This
substance is a mixture of sand and a type of plastic.

In die casting, the liquid metal is forced into a

mold. The casts are removed after they cool. In the

lost wax process, wet plaster of Paris is placed

around a wax pattern. The mold is usually baked.

The wax runs out or evaporates, leaving a very
accurate mold. This method is often used to make

dental plates.

CAST IRON Cast iron is an alloy of iron, car-

bon, and other elements (see ALLOv). This alloy
usually contains between 2 and 5 percent carbon,

making cast iron very hard and brittle. Because it
can absorb great shocks, cast iron is an important
construction material. It also is widely used to
make machine frames and engine blocks.

CASTING

Materials that melt and
flow, such as iron and steel,
can be cast in different
shapes by melting them and
pouring them into a mold.
Steel cast in slabs is rolled
into strips in this strip mill.
The steel strips will be used
as a raw material for
manufacturing articles
elsewhere.

Cast iron is made by melting pig iron, which is

iron with nothing added to it. Pig iron is made in a

blast furnace. In gray cast iron, which contains 1 to

3 percent silicon, flakes of graphite (a form of car-

bon) are present. The graphite makes gray cast iron
easy to process by machine. White cast iron, with a

smaller amount of carbon and silicon, contains no

graphite. White cast iron is very hard. It is almost
impossible to process by machine. Malleable cast

iron is made by heating and gradually cooling
white cast iron. This method allows the formation
of graphite, making the alloy easier to roll and ham-

mer into shape. Malleable cast iron is often used

instead of cast steel. Malleable cast iron is cheaper

to make and is much easier to melt.

See also CARBON: IRON.

CAST IRON
The strength of cast iron
makes it suitable for making
items ranging from vehicle
engine blocks to machine
frames. This fire hydrant is
also made from cast iron.
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CAI A cat is a mammal that is a menrber of the

family Felidae. Of the thirty-eight species of cats

found around the world, only one is kept as a house

pet. Cats are carnivorous (see CARNIVORE). In the

wild, they are generally nocturnal (active at night),
preying on other mammals and birds. In addition
to highlv developed night visiorl, cats have keen

hearing and sense of smell. Other fbatures all cats

share are thick fur, twenty-eight to thirty long
pointed teeth, a rough tongue, and sharp claws. All
br"rt the cheetah can draw their claws back into their
paws. Cats are native to all parts of the world except

Antarctica, Australia, New Zealand, and sorne parts

of Oceania. There are many different kinds of cats.

The lion, tiger, leopard, jaguar, cheetah, and puma
are large cats. They mav occasionally attack
humans. The bobcat, lynx, ocelot, and margay are

smaller, less dangerous cats.

There are about thirtt-six varieties, or breeds, of

domestic cats. House cacs weigh about 8lb. [3.6 kg]

when fully grown. They are popular as pets and

valuable for killing rats and mice in situations
where those animals are considered pests. Cats are

more independent than dogs. Tirey have good
mernories and learn rapidly. Cats also have a strong

homing instinct, and their cleanliness is well
known. After mating, the female is pregnant fbr
about two months. She gives birth to a litter of
from two to five kittens, and she feeds them milk
for about eight weeks. If well cared for, cats can live

fbr fifteen years or longer.

Short-haired breeds are derived from an African
species domesticated by the ancient Egyptians

about four thousand years ago. The Crusaders

brought these animals to Europe, where they were

interbred with small native wildcars. Long-haired
domestic cats first appeared in Europe in the
1 500s. Persian and Angora cats are among the most

CAT

The cheetah (left) is one of
the larger cats. lt is the
fastest of all land animals. lt
can run at speeds of 70
m.p.h. [1 12 kph] f or short
distances. lt lives in small
family groups and hunts
antelopes. The cats
pictured below are just two
of the many breeds of
domestic cats.

Blue-cream British shorthair

\14

Persian red tabby longhair



popular of the long-haired breeds. Varieties of
short-haired cats are much more numerous. They
include the Siamese, most popular of all breeds, as

well as the Burmese, Abyssinian, Maltese, Manx,
and Russian Blue. The most common modern
breed is the American, or domestic, shorthair, of
which the calico type is a favorite variety.

CATALPA (ka til'pa) A catalpa is a tree that
belongs to the genus CataQa. There are t'vvo species

of catalpa in North America, the southern catalpa

and the northern catalpa. The southern catalpa

grows to about 60 ft. [18.3 m], but the northern
catalpa can reach 120 ft. [36.6 m] in height. Both
species grow lovely white flowers and are planted

for decoration. The catalpa seed pod looks like a

string bean, and the trees are sometimes known as

bean trees.

Catalpa flowers grow in large, candle-shaped spikes. The
long, slender seed pods are dark brown or black when they
are ripe. ln addition t0 the two species that grow in North
America, there are bean trees in the West lndies and in
eastern Asia. There are many cultivated varieties of catalpa
as well.

CA

CATALYST (kirl ist) A catalyst is a substance

used to change the speed of a chemical reaction.

The catalyst itself does not change during this
process. For example, potassium chlorate can be

heated to obtain oxygen.'Without the presence of a

catalyst, this process occurs slowly. The same reac-

tion happens rapidly when a small amount of man-

ganese dioxide is added. The manganese dioxide
remains unchanged.

A catalyst may also be used to slow down a reac-

tion. For example, gypsum is added to Portland
cement to slow the hardening process. This reduces

the possibility of cracking in the cement.

Catalysts may work in two ways. Surface, or con-

tact, catalysts work by adsorption. The reacting

chemicals are adsorbed to form a concentrated
layer at the surface of the catalyst. Being concen-

trated, the chemicals react more quickly. For exam-

ple, hydrogen and oxygen combine at the surface of
powdered platinum to make water (see ABSORI,-

TION AND ADSORPTION). 
'Without the use of con-

tact catalysts, many industrial processes could not
be effectively performed.

Homogeneous, or chemical, catalysts take part in
a chemical reaction. They form compounds with
the reacting chemicals. These compounds react,

forming the product and reforming the original
catalyst.

Small amounts of catalysts are necessary to make

many chemical products, such as plastics, rubber,

gasoline, oils, sulfuric acid, and ammonia. In plants

and animals, organic catalysts, called enzymes,

speed up many body processes. For example,
ptyalin is an enzyme found in human saliva. It
speeds up the change of dissolved starch to dis-

solved sugar during digestion (see ENZYME).

CATALYTIC CONVERTER (ket'l it'ik
kan vtr'tar) A catalytic converter is a device
designed to reduce harmful emissions from a

gasoline engine. \When gasoline is burned inside

an engine, gases harmful to people and the
environment are produced. They include carbon

monoxide, hydrocarbons, and nitrogen oxides
(see CARBON MONOXIDF.; HYDROCARBON). Breath-

ing carbon monoxide can cause drowsiness,
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CATALYTIC COI{VERTER

This steel container houses a honeycomb of precious metals

that trigger chemical reactions in automobile exhaust gases

as they flow through it. These reactions transform harmful

engine exhaust gases into gases that are less harmful to
people and the environment.

unconsciousness, or even death, depending on how

much is breathed in. Some hydrocarbons can cause

cancer. Nitrogen oxides make breathing difficult
and cause acid rain (see ac-tn R{lN).

A catalytic converter is fitted in the engine's

exhaust pipe. Exhaust gases flow through a honey-

comb of materials inside the converter. The honey-

comb is coated with a thin layer of precious metals,

usually platinum, palladium, and rhodium. They

act as a catalyst and trigger rapid chemical reactions

in the exhaust gases (see CAIALYS'I'). A honeycomb

is used because it has a huge surface area over which

chemical reactions can take place.

There are two types of catalytic converters. A

two-way converter changes carbon monoxide into

carbon dioxide, and hydrocarbons into carbon

dioxide and water (see CARIION DIOXIDL,). A three-

way converter also changes nitrogen oxides into

nitrogen gas, carbon dioxide gas, and water. A car

fitted with a catalytic converter must not use fuel

that contains lead because lead coats the precious

metals inside the converter and stops it from
working.
See a/so AUTOMOBILL.; NI-i'RO(IF.N; OXY(IEN.

CATERPILLAR The caterpillar is the larval

stage of a butterfly or moth. Butterflies and moths

go through four life stages: egg, larva (caterpillar),

pupa, and adult (see TUTTERI]LY AND MOTH; LARVA;

ML,'IAMORPHOSTs). The caterpillar's body is divided

into a head, thorax, and abdomen. Together, the

thorax and abdomen are made up of thirteen seg-

ments. Most segments have a pair of spiracles,

which are openings used for breathing (see

ABDOMEN; THORAX).

The head has strong jaws, which the caterpillar

uses to eat its way out of its eggshell. Later, these

jaws are used for eating leaves and other plant

material. A few caterpillars eat insect eggs and lar-

vae. The caterpillar's head also has two tiny anten-

nae and up to six small eyes (see aNTnxNaE). Below

the mouth is an organ called a spinneret, which

squirts out a liquid that hardens into a fine thread.

This thread can be used for holding on to a surface

as the caterpillar moves along. Some caterpillars

hang from trees on this thread. Others use it to
swing from one place to another. Later it may be

used to make a cocoon.

The first three body segments make up the tho-

rax. Each of these segments has a pair of clawed

legs, which later become the legs of the adult but-

terfly or moth.

CATERPILLAR

These caterpillars belong to the buff-tip moth that lives in

Europe and Asia. They have a bad smell, and their bright
colors warn birds that they also taste bad. These caterpillars
live in groups and can do much damage t0 f0rest trees
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The other ten segments make up the abdomen.

The stumpy, fleshy legs on these sections are lost

when the caterpillar enters the pupal stage.

Caterpillars shed their skins several times before
reaching the pupal stage.

Birds, insects, and small animals eat caterpillars.

Caterpillars protect themselves rvith either special

structures or poisons. Some caterpillars have hairy
or barbed bodies. Some of these hairy caterpillars

also produce a poison, which can be injected
through special stingers into a predator. Other
caterpillars can spit a poison at an attacker. Many
have bitter or poisonous body fluids. These cater-

pillars are often brightly colored so that birds and

other predators learn not to eat them (see \<TARNINC

COI,ORATION).

Many caterpillars feed only at night. Some build
protective tents or webs. Many caterpillars have

protective coloring, or camouflage, that helps them

blend in with their surroundings. Some can even

change colors so that they are brown when on a

twig or green when on a leaf (see CAMOUFLAGE).

CATFISH Catfish is a name for many kinds of
fishes. Although there are saltwater catfishes, most

species are found in fresh water. There are many

CATFISH

This fierce-looking catfish is a saltwater species belonging to
the family Ariidae. The male protects the eggs by keeping
them in its mouth. Four large eggs can be seen in this picture.

CA

catfish families. The freshwater catfish family of
North America is the Ictaluridae. This family
includes bullheads, madtoms, and catfishes. There

are seven fishes that are called catfish found in
eastern and central North America. Some spccies,

such as the flathead catfish and blue catfish, can

weigh more than 100lb. V5kg). Such catfishes live

near the bottom of slow-moving rivers and lakes.

They have four pairs of barbels (thin, fleshy
growths) around their mouths. These barbels

look like the whiskers of a cat, which is how the

fish got its name. The barbels are used by the fish

to find food.

The walking catfish belongs to a different family.

This catfish is able to leave water and crawl to
another body of water. In the United Stares, ir is

found only in Florida.

See ako FISH.

CATHODE-RAY TUBE A cathode-ray tube
is a funnel-shaped electronic device that encloses a

vacuum (a space that contains no matter). The flat-
tened end of a cathode-ray tube is used for the

screens of radar and television sets and oscillo-
scopes (see CISCILLOSCOI'F,; R{DAR; TELEVISION).

The narrow end of a cathode-ray tube contains a

cathode. A cathode is a negatively charged elec-

trode (see ELECIRODL). It is also known as the elec-

tron gun because it emits a stream of negativell.

charged electrons (see ELEC'I'RON). Magneric or
electrostatic fields focus these electrons into a

steady beam, called a cathode ray (see E,t.F,cTROSIA-

'l'lCS; MAGNETISM). This beam is directed at the flat
end of the tube, or the screen. The screen is coated

with fluorescent substances (see FI.UoRESCENCIE).

\7hen the electron beam hits these substances, a

spot of light is produced.

The strength of the electron beam, which affects

the brightness of the spot of light, can be controlled
by adjusting the anode, or positive electrode. The
anode is located between the electron gun and the

screen. The beam can be made to move by several

sets of oppositely charged plates. The plates are

located above and below and on either side of the

beam. The plates can move the electron beam in a

horizontal or vertical direction and also in curves or
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CATHODE-RAYTUBE
The cathode-ray tube in a televistn t.t.ontuins.lectron
guns that fire beams 0f electrons at the screen. They make
the inside coating on the screen glow to form red, green,
and blue points or stripes. Coils of wire in the neck of the
tube produce a changing magnetic field that makes the
electron beams sweep from side to side across the screen
and also from top to bottom to produce a picture that fills
the screen.

ziezirgs. A picture is prodr,rced bv the electron

beams moving very rapidly down the screen one

linc at a time. -l'he movement is so rapid that it can-

not be seen by the hunran e1'e.

See als o F.I-ECI'RONlcs:'TELEVISIoN.

Line time base

CATION (klt't'an) A cation is an atom (or a

group of atoms) with a positive electrical charge

because it has lost one or more electrons. It is called

a cation because it is attracted towards a cathode,

the negarive electrode in an electric circr-rit. If elec-

trodes erre dipped in a solution containing copper

sulfate, and an electric current is passed through

tl-re solution between the electrodes, positive cop-

per ions (cations) are drawn through the solution

towards the cathode, and ne€iative sulfate ions
(anions) are attractecl to the anode.

See AIso ANION; FI,L,C,IROI-YSISi IONS AND IONIT-A.

l-toN.

.i ii. :

Sync pulse separator
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CATKIN A catkin is a flower spike made of very
small flowers, which often do nor have any petals.

Each catkin is either male or female and produces

either pollen or secds. Mosr catkins hang from the
twigs and are pollinated by the wind, although
some arc pollinetcd hv insecrs.

See also FLOVL,R; INFI-ORI1SChNCE,; POLLINATION.

CATKIN

Male birch catkins open atthe same tire as tf'r t.uves. The
wind blows their pollen to small female catkins. Seeds then
grow in the female catkins. Ripe female catkins hang among
the leaves and eventually break up to release their seeds.

CAIS'-EYES Cats'-eyes are studs set in the road
surface to help drivers see the road ar night. They
consist of glass reflectors fixed to a rubber pad
which sits inside a metal base. tJ(/hen a vehicle
approaches at night, light from its headlights is

reflected back to the driver. Cats'-eyes are so named
because they look like a cat's bright eyes at night.
Lines of cats'-eyes are set into the road along the
edges and between the lanes. At night they look like
lines of glowing lights in the road surface. Cars'-

eyes were invented by Percy Shaw, a British engi-
neer, in 1934. His first cars'-eyes soon became

useless because of dirt on rhe glass reflectors. He
solved this problem by changing the design so rhar

the weight of a vehicle driving over rhem pressed

the rubber pad down and automatically wiped the

CA

CATTLE Cattle are hooved mammals belonging
to the family Bovidae (see tr,ta.vval). Cattle have

been domesticated for many cenruries and are now
reared in almost every counrry in the world. Thev
supply people with meat, milk (from which other
dairy products, such as cheese and yogurt, are

made), and hides for leather goods. Cattle also sup-

ply other substances used in making medicines,
soap, and glue. In some countries, cattle are used in
place of horses for farm work.

Cattle have large, hear,y bodies, long tails, and

cloven (divided) hoofs. They may grow as tall as

about 5 ft. [ 1.5 m] and weigh as much as 2,035 Ib.

1925 kg). They have short hair and can be black,
white, brown, yellow or red.

A cow is the female of cattle. A bull is the male.

A steer is a male with its testicles (reproductive

glands) removed. A heifer is a cow that has not yer

given birth to a calf. Calfis the name given to baby
cattle.

Cattle have teeth in the back of both their upper
and lower jaws and in the front of the lower jaw.

The absence of upper teeth in the front of the
mouth prevents cattle from biting into their food.
They have to tear grass out of the ground by jerk-
ing their heads back and forth. The stomach of cat-

tle has four compartmenrs. When something is

eaten, it is chewed slightly and swallowed. It goes to
one of the compartments in the stomach. Later, it
is brought back up into the mouth. This returned
food is called cud. The animal chews the cud and
swallows it again. The cud now goes through the
other compartments in the stomach and conrinues
through the digestive sysrem (see nuvlNaNr).

Most cattle have small, unbranched horns.
Farmers prefer hornless, or polled, cattle because the
horns can cause injuries. Breeding has eliminated
horns in some varieties. Special chemicals have been

used to remove horns from other varieties.

Between and in front of its hind legs, the cow has

a saclike udder with four teats. Each of these teats

leads to a separate comparrment where milk is

stored. Although some farmers srill milk cows bv
hand, most larger dairy farms use machines rhar

remove the milk by suction. Cows produce milk for
about ten months after giving birth to a calf.

Female catkins

reflectors clean.
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Normandy

There are three maior types of cattle. Beef cattle'

such as Angus, Brahman, and Hereford, are raised

for their meat. Meat from a calf that is less than

three months old is called veal. Dairy cattle, such as

Jersey, Guernsey, and Ayrshire, are raised for their

milk. Holstein is the principal breed of dairy cattle

in the United States. Dairy cattle are productive for

CATTLE

Different breeds of cattle are used for different purposes The

Kankrej is used for pulling carts and plows in its native lndia,

but has been introduced to Latin America as a beef animal.

The longhorns and the Limousin are also beef cattle, but the

NormandV and the Finn are dairy breeds.

Ka n krej

about five years and are then slaughtered for their

meat. l)ual-purpose cattle, such as milking short-

horn and red poll, are raised for both meat and

milk. The calves r-rsually grow quickly and, when

slaughtered, provide more veal than most other

types of calves.

S e e a ls o AGRICUITU RF.; ANTI Lllol'lC ; H{)I{NI ON F..

Texas longhorn
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A."u. is a natural opening in the earth that is big

enough for a human or other animal to enter. Most

caves are formed bv the action of water on rocks

such as limcstone or dolornite. The water is a verv

weak acid, because it contains dissolved carbon

dioxide. This acid dissolves the rock, forrning pas-

sages and largc open spaces. \(/ater may come from

rainfall or underground streams.

Many limestone caves have icicle-shaped stone

formations called stalactitcs ancl stalagmites.

LIMESTONE CAVES

Limestone caves are formed as the calcium carbonate rock
is slowly dissolved by streams of water flowing through
cracks. Stalactites and stalagmites consist of limestone
(calcium carbonate) that comes out of solution.

STAIACTITES AND
STALAGMITES

Pillars of limestone link the
floor a nd ceiling of this
cave. The pillars formed
over thousands of years
where stalactites growing
from the ceiling of the cave
joined up with stalagmites
growing upward from its
floor. Colored lighting is

used to dramatize the
cave's interior for visitors.

Cnrrp
Stalactites hang lrom the cciling, and stalagmites

rise from the floor (see SlAL,LtlTI'l'F ANI) STAI.'\(,-

vtrl-). Besides limestone caves, other types olcaves

include ice caves. lava caves, and sca caves. Most ice

caves are formed within glaciers (see (;t.A(.lL,lt). Lava

caves are found near the base of a volcanic tnoult-

rain (see voLCANO). They are arctualh' hollow
spaces in hardened lava deposits. Sea caves are

formed by the actiotr of waves on seasidc cliffs.

People and animals have long usecl caves for tem-

porary shelter. Most caves are wct and colcl vear-

round. Deeper caves usuallv have a twisting Passagc

that keeps sunlight fron'r reaching more thatr a lew

feet into thc cave. Few organisms are able to live irr

the total darkness of most caves. Some animals,

such as bats and snakes, live in caves lor prttrection

fron-r the weather. These animals are usuallv noc-

turnal, carrving on most of their activity at night
(see NOC'I'LTRNAI- LIEHAVIOR). Frequentlv bears and

other animals that hibernate choose A cave lor shel-

ter during the winter (sec HILILI{NATI()N).

Some people have lived in caves for long periocls

of time. Drawings done by prehistoric people havc

been found in caves. Some of this earli, art dates

back to about 20,000 B.c. In France, stone tools

have been found in caves. Some of these tools are

about 500,000 years old. lt is likely that prchistoric

cave dwellers lived at thc entrancc to the cave, or
just outside of it. There are still isolated groups of
cave dwellers living in Spain and in the Philippines.

Some famous caves in the United States are

Carlsbad Caverns in New Mexico:rnd Mammoth
Cave in Kentuckv.
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CAVENDISH, HENRY (r7 31 -18 I 0) Henry
(.avendish was a British cl'remist and physicist. He

n-rade many important findings in the study of elec-

tricit,v. Cavendish gave himself electric shocks to

estimate the strength of the current bv the amount

of pain he receivcd. Because of his unusual n-reth-

ods and his careless attitude toward publishing his

discoveries, Cavcndish was looked upon as a color-

ful but odd personalitv during his life.

As a physicist, Cavendish made the first accurate

device lor measuring thc force of graviry. He used a

torsion balar"rce , made up of a rod suspcnded by a

wire. He placed a small ball mt each end of the rod.

Two large balls were brought toward the small balls.

The rod swung slightly toward the large balls. This

was caused by the gravitational attraction between

the large and small balls. Cavendish measured the

force ir-rvolved to find the gravitational constant.

From this, he determined the mass of the earth (see

CRAVITY).

As a chemist, Cavendish was the first to discover

thc properties of hydrogen. He called the element
"inflammable air." He showed that water is a com-

pound of hydrogen and oxygen. Cavendish also

removed the oxygen and nitrogen from a sample of
air. The inert gas remaining was later discovered by

Sir William Ramsay, who called it argon (see RAtvl-

SAY, SIR \(II,LIAM).

CAVITATION (klv'i ta'shan) Cavitation is the

formation of bubbles or cavities (hollow places)

behind a body that is moving rapidly in a liquid.

For example, cavitation can occur behind the blade

of a boat's propeller when the boat is moving. As a

boat moves through water, the propeller pushes

against the water. This thrusts the boat forward. If
cavitation occurs, the propeller spins in a pocket of
water vapor and air and does not work in the way

it was designed. Cavitation also absorbs a great deal

of energy, reducing a propeller's efficiency. Proper

design can prevent cavitation from occurring.

CD-ROM The name CD-ROM stands for
Compact Disc Read-Only Memory. A CD-ROM
looks like an audio compact disc, but it is designed

to be plaved bv a drive unit connected to a computer

Photodiode detector

CD-ROM
Mirrors reflect a laser beam onto a CD-R0M disc. A lens
focuses it 0nto a tiny sp0t. The position ofthe spot on the
disc is controlled by swiveling mirrors. Reflections of the
beam from the disc are guided onto a photodiode detector, a

device that changes the flickering reflections into electricity.

instead of a compact disc player. Information
stored on the disc is read by a laser and led into the

computer. The information may be sounds, music,

text, drawings, photographs, movies, or video clips.

Two or more different forms of information can be

presented at the same time. While a photograph

and text are shown on the computer screen, music

may be playing through loudspeakers connected to

the computer. The computer selects which part of
the disc to read according to a computer program

and also in response to keys pressed or a mouse

clicked by the computcr user. An entire multi-
volume encyclopedia, with pictures, text, and

added speech, animation, and film footage, can be

stored on one disc. The use of different forms of
information together, stored on CD-ROM and

accessed by computer, is known as multimedia.

\7hen CD-ROM was introduced in 1985, it was

used mainly for training in education, business,

and industry. The abilitv to jump to anv part of a

Grating

Fixed mirrors
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disc within a second or so, called random access, rs

very useful for this training. A student or trainee

can follow a course on a disc in his or her individ-

ual way, repeating lessons, looking at extra exam-

ples, or skipping unlrecessary information. In
recent ycars, the use of CD-ROM has become

increasingly popular in schools and homes.

See also COMPUTF.R.

CEDAR Cedar is the name givcn to a number of
evergreen trecs that grow in many parts of the

world. Tiue cedars are coniferous trees that belong

to the pine famil,v, Pinaceae (see c.clxtlnR; tV[,R-

cREEN). They are native to Africa, Asia, and

Europe. Some true cedars are planted for ornamen-

tal purposes in warm areas of the United States.

The best-known true cedar is the cedar of Lebanon,

which has large, horizontal branches.

The cedars that are native to North America are

not true cedars. 'I'hey are members of the cypress

family, Cupressaceae. These cedars include the

northern white cedar, western red cedar, Atlantic

white cedar, and eastern red cedar. The northern

white and western red cedars are also called arborvi-

rae (see ARIIoRVITAF.).

Cedars are found in many different types of
places. Atlantic white cedars are commonly found

in swamps. Eastern red cedars can be found grow-

ing in old pastures. The wood of cedar trees is very

strong. It rots very slowly, which also makes it a

good wood with which to br.rild. Cedar wood
is often used in furniture, fence posts, shingles,

and poles.

See also JUNII,ER; SUC]CESSION.

CELERY Celery is a biennial plant in the parsley

family (sec BIL,NNIAI- PLANT; PARSLEY FAMILY).

Native to Europe , celery has edible leaf stalks that

can be cooked or eaten raw. In ancient China, cel-

ery was used as a rnedicine. The top of a celery

plant has delicate leaves and small flowers. The

seeds of the celery plant are used as a spice. Cray

brown and about 0.1 in. [.25 cm] long, celery seeds

are among the smallest seeds of all the cultivated

plants. A variety of celery called celeriac has a

swollen stem that is used as a vegetable.

CELERY

This bunch of celery, trimmed and ready for market, clearly
shows the swollen food-filled leaf stalks that can be eaten.
The best-quality celery has almost-white stalks. Celery
grown for making soups is greener, and the stalks do not
form such a tight bunch.

CEDAR

The cedar of Lebanon is easily recognized by its large,
spreading branches. lt is commonly planted in parks and

large gardens, but is now rare in its native home around the
eastern Mediterranean. lt has upright, barrel-shaped cones
and sharp, bluish green needles.

;d$ryi
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CELESTIAL SPHERE (sa lEs'chal sfir) The

celestial sphere is used by astronomers to describe

the positions of celestial (heavenly) bodies and as

an aid in plotting nraps of thc heavens. The celes-

tial spl're re is an imaginarv sphere of enormous

radius (distance from the center to the outer sur-

face), having the earth as its center. The points

where the earth's axis, if continued into outer sPace,

would pass throlrgh the celestial sphere are called

the cclestial poles. The celestial eqlrator is the circle

where a plane (flat surface) through the earth's

equator would meet the celestial sphere.

An1, point on the carth can be described bv its lat-

itude ancl Iongitude (see LA't'l'fuI)1. ANI) LONCI-
't uDl:). Points on the celestial sphere are described

in a similar manncr. Clelestial latitude is called dec-

lination. f)eclination is measured from the celestial

equator in the same way that latitude is measured

from the carth's cquator. Celestial longitude is

called right ascension. The longitude of the earth is

measured from the Greenwich meridian. In a sim-

ilar way, right ascension is measured from a point

on thc celestial eqlrator called the vcrnal equinox.

The vernal equinox is the point where the sun

crosses the celestial equator at the beginning of
sprir-rg in the Northern Hemisphere .

'fhere are other important points on the celestial

sphere. The zenith is the point directly above the

observer. The nadir is the point directly opposite

the zenith on the celestial sphere. 'l'he celestial hori-

zon is the circle that passes midway between the

zenith and thc nadir. The points where the celestial

equator and the celestial horizon cross are called the

east and west points. The prime meridian for a

given observer goes through thc zenith, nadir,

and celestial poles. The points where the prime

meridian crosses the horizon are the north and

south points.

CELESTIAl- SPHERE

The earth lies at the center of the celestial sphere, which is a
huge imaginary sphere. The positions of heavenly bodies,
such as stars and galaxies, on the celestial sphere can be

described in terms of their declination (celestial latitude) and

right ascension (celestial longitude).

September
equinox

North, celestial pole

East
point

Polaris or
Pole Star

Ze nith

North point
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South celestial pole
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The cell is the basic unit of life . All living organ-

isms are made up of one or more cells. The only

possible exception is the virus. Viruses are acellular

(not made of cells), but scientists are divided on the

issue of whether a virus is a living organism (see

vtRUS). Some cells, such as the yolk of an egg, are

large enough to be seen with the naked eye. Most

cells, however, are extremely small and can be seen

only with the aid of a microscope (see MICROSCOPE).

Some organisms consist of only one cell. This cell

carries on all the functions of life (gas exchange,

intake of food, excretion of wastes, growth, repro-

duction, and death). These one-celled organisms

may live alone or in groups. Most organisms, how-

ever, are made up of many cells. 'fhe humarr body,

for example , contains more than 10 trillion cells. In

multicellular organisms, groups of cells are special-

ized to perform specific functions. A group of cells

gathered together to perform a single function is

CELL

Although cells are very small, they are also very
complicated. The plcture on the right shows the outside
of a cell, while the picture below shows a cr0ss section
of a cell and its organelles.

Cell membrane
I, Microtubule

i \,.\\

CErr
called a tissLle. A group of tissues gathered together

to perform related functions is called an organ (see

ANAI'OMY).

History In the sevente enth century, the

first microscopes were developed (see t.l.l,uwnN-

HC)L,K, AN'I'ON vnN). For the first time, scientists

were able to look "inside" an object-beyond
the outside features and into its internal structure.

In I665, Robert Hooke, an English scientist,

looked at a piece of cork under a microscope. Hc

noted that cork was made up of many tiny, boxlike

structures. Hooke called these structures ce/ls. In

1838. the German scientists Matthias Schleiden

and Theodor Schwann proposed the cell theory.

The cell theory states that all living things are made

of cells (see SCHWANN, THEODOR).
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Food particles .-

Cell structure Cells varl' greatly in shape and

size. The shape of a cell is usually related to its func-

tion. For ex,rmple, an anreba cell has no particular
shape. It is a iellylike blob that changes shape as it
moves. On the other hand, somt: muscle cells in
humans ancl other animals are long and thin, allow-
ing them to contract when doing work. Cells vary

in size fronr the tiniest, a bacterial cell measuring

0.0002 in. [0.0005 cml long to the largest, an

ostrich egg yolk measuring 3 in.17.6 cml long. Most
cells, however, arc about 0.001 in. [0.0025 crn]

lor-re. The size of a multicellular organism depends

on the number of cells, not the size of the cells.

In spite of the differences in shape and size, all

cells have the same basic structure. All cells are

cell merrrbr"t-r. t t

--membrane holds the cell together and separates it
from irs surroundings. 'fhe cell membrane is semi-

permeable-that is, it some

che cell

substances

E

.:\-1,,!-i

.fi::.'.1:,'.

q I ry 
qLE- qE!LE!4\I IuI4!

Paramecium (left) is a
single-celled animal just
visible to the naked eye. lt
lives in water and swims by
waving the tiny hairs, or
cilia, that clothe its body.
The cilia also bring
microscopic bacteria and
other food particles into its
mouth.

BRAIN CELLS

The photograph below,
ma gnified many thousands
of times, shows some of the
cells in the human brain.

allows
\X/ithinthrough but not othery

of rrrost-cells ,.. tl',.H/.
membra

the

The nucleus is frequently called "the control cen-

ter" of the cell because it directs most of the cell's

activities. T'lie nucleus is enclosed by a nuclear

membrane which. membrane,

pcrmeirble. I structures

called chromosomes (see cHROMO\I)ME). Tl-re

cfilsmosornes c.,nrain genes. which control the
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heredity of the cell and ensure that all new cells pro-

duced from it are of the same kind (see clL.NE).

CELL

PLANT CELL

This very highly
magnified drawing of
a plant cell shows
that many organelles,
similar to tiny organs,
are packed into a tiny
space.

Central vacuole

Mitochondrion

Chloroplast

Cytoplasm

Nucleus

Endoplasmic
reticulum

Cell membrane

Basically, the genes control the productron

- 

-1 
e---

anrl fu_nctioning of proteins called enzymes

which, themselves, control the chemical
processes within the cell (see tNzvvn) Th9- ff
nucleus may also include one or more nuElg-

- oll-fhe nucleoli help produce tih.'so'''-'".*

Lhe cell's centers of plotein production.
Cells with a well-defined nucleus are

-1
\
\
I

called eukaryotic cells. Some cells, such

as bacteria, some algae , and red blood

cells, do not have a well-defined
nucleus. They are called prokaryotic

cells. Their nuclear material is suspended

in the cytoplasm.

.n'\

/'7\
\ {-21\/

The cvtoolasm is located in the cell between the- -/ f-
_ __,,_

CYT()l't-Asi\1). !he-cy!-gJ,l$!g is made up of awatery

liquid, usually containing dissolved substances

such as enzymes and digested food, and several

kinds of structures called orqanelles. The semisolid,

jellylike outer layer of the cytoplasm is the ecto-

plasm. The thin, liquid inner layer of the cytoplasm

is the endoplasm (see EC'I-OPLASM; FNDOPI-ASM).

The o rgan elles i nclude mi tocho ndrt4lfdglb!,q11i-
reticulum, ribosomes, lysosomes, cenrrioles, and

-GIgi bodies. Each organelle performs a special

function to T<eep the cell working properly (see

ORC]ANF,I,I-E).

Most cells have one or more lq11aehaldria. The

mitochondria are the "powerhouses" of the cell,

producing most of the energy needed lor cellular

activities (see vlrocHONDRlA). The endoplasmic

reticulum is a network of canallike passages

benveen the cell membrane and the nuclear mem-

brane. Ribosomes are tiny structures where pro-

reins are made in the cell (see RtLlosoML).
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CELL

This highly magnified section of a tobacco leaf shows several
kinds of cells. The leaf is infected with a fungus disease,
which is causing cells to break away from the surface.

Lysosomes are small, enzvme-containing structures

that help break down manv substarrces such as food

and, ir-r thc casc of whire blood cells, bacteria. The
centrioles are rocl-sl-raped structures that are active

in cell reprocluction. The Golgi bodies store and

release various substances from the cell.

Plant cells contain several additional structures.
'l'hey have a strong cell wall su.rrounding the cell

mcmbrane. The cellwall usually contains ccllulose

and gives plants additionirl support and protection
(see (.ELLLiLOSL). The cytoplasm of plant cells also

contains organclles called chromoplasts and leu-

coplasts. Chromoplasts known as chloroplasts con-

tain chlorophylls, thc glecn pigments needed for
photosvnthesis (see CHLOI{OPIIYLI.; C.HLOROPLAST).

C)ther chromoplasts contain pigmented substances

other than chlorophyll (see CHROMOI)l.AS'l).

Ler-rcoplasts arc usually white or clear and are used

to store starch. Most plant cells, and some animal

cells, also contain vacuoles (see r,'Rcluclt-1.) . Vacuoles

are fluid-filled or gas-frlled spaccs in the cell that
transport various materials within the cytoplasm.

Cell growth and reproduction Cells can

grow in size only a little. The growth of multicellu-
lar organisms (plants and animals) is caused by an

increase in thc number of cells. l-he cells of an

elephant, for example, are about the same size as

(though much more numerous than) those of a

mouse. Cells usually increase in number by split-

ting in two by a process called mitosis (see H,lt'l'tl-

stS). ln mitosis, a parent cell divides into two

daughter cells, which are identical in appearance

and genetic structurc to the parent. In one-celled

organisms, this process is a type of asexual

reproduction called fission (see ASF,xUAI. RI-.PRO-

DUCTION).

Cells sometimes divide in a process called meio-

sis (see MEtosts). In meiosis, a parent cell divides

twice, producing four daughter cells. Each of these

daughter cells has half the number of chromosomes

of the parent cell. Meiosis is characteristic of the

production of gametes, or sex cells (see cAMETE). In

sexual reproduction, a male gamete (sperm) joins

with:r female gamete (egg) to produce a zygote (see

FEIITII-17-ATIoN). This zygote has the full number of
chromosomes.

Cell diseases Cells, like all living things, grow

old and die. Some cells live for only a few minutes,

while others may live for hundreds of years. In the

human body, cells die at the rate of about 3 billion
per minute. These cells are replaced, however, by

new cells produced by mitosis.

Cells usually grow, function, and reproducc iu au

orderly and efficient way. There are certain dis-

eases, however, that interfere with the normal
course of events. In cancer, some cells seem to go

wild and reproduce in unusually large numbers (see

c;ANCER). These cells are different from normal

cells and often have altered genetic codes. The can-

cerous cells exist in such great numbers that they

interfere with the normal functioning of the other

cclls. Some viruses kill cells by interfcring with the

normal hereditary material in the cell. As the virus

reproduces, it destroys the host cell, releasing hun-

dreds of new viruses to attack other cells.

If the chemical reactions within a cell are

interfered with or altered, the result is a metabolic

disease (see l,{ttaBOLISM). Many metabolic
diseases are caused by a change, or mutation, in the

genetic code.

See rtlso CYTOLOGY; HL,RL,DITY; MUTATION.
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CELL, ELECTRICAL An electrical cell is a

structllre used to generate electrical current. In the

late 1790s, the Italian physicist Alessandro Volta

discovcred that certain chernical reactions produce

electricity. Placing a copper rod and azinc rod in a

container of acid, Volta found that a wire strung
betwecn the tops of the two rods carried an electric

current. This was the first electrical cell, or combi-
nation of chemicals to produce electricity (see

VOITA, AI,F,SSAN I)RO).

An electrical cell basically consists of two differ-
ent plates called electrodes that are separated by

chemicals called the electrolyte. The rcaction of the

electrolyte and the electrodes produces electricity at

the electrodes. \7hen the positive and negative rer-

minals of a circuit are attachcd to the electrodes,

the electrical cell provides a flow of electrons, or

current, through the circuit. ln some electrical
cells, the electrolyte is a liquid. These cclls are called

wet cells. Other cells have a solid electrolyte and are

called dry cells. 'l'he standard automobile battery is

a series of wet cells, which are similar to the cell

invented bv Volta. The batteries used to supply

electricity for flashlights and radios are dry cells.

Dr1. cells usually consist of azinc case containing a

paste of chen'ricals and a carbon rod. The case and

the rod are the electrodes. The paste of chemicals is

the electrolyte (sec BATTF.RY).

Cells like those of the aruton'robile battery can be

Ammonium
uarbon and

c nl0fld e

iellv manganese
o x rrie

Co p per

CELL, ELECTRICAL

ln an electrical cell, chemical reactions force electrons
around circuits. A copper rod and a zinc rod, placed in acid,
form a cell (right). ln a modern battery (left), a carbon
electrode replaces the copper, while the zinc casing is the
negative electrode. The liquid acid is replaced by a paste.

recharged. This means they can receive a supply of
electricity after they have discharged, or lost their
charge. The cell of a flashlight battery cannot be

recharged, because its chemicals finish reacting

together and change into other chemicals that do

not produce electricity. Cells that can be recharged

are called secondary cells. Cells that cannot be

recharged are called primary cells. The recharging

of secondary cells involves the reversing of their

chemical reactions. A source of electricity supplied

to the electrodes causes the electrolyte to take up

rather than give off electrons. ln automobiles, the

chemical reaction of the cells of the battery is

reversed by a supply ofelectricity from the genera-

tor, or alternator.

All electrical cells produce voltage, which supplies

current only after the electrodes have been con-

nected to the terminals of a circuit. A dry cell

produces 1.5 volts. Each of the storage cells in
an automobile battery produces 2 volts. By con-

necting cells in a series, higher voltages are

obtained. The 12-volt car battery consists of six 2-

volt cells. All cells provide direct current (see

D]RF,CT CURRENT).

Today, scientists are finding more and more uses

for two other kinds of electrical cells: fuel cells and

solar cells. ln the fuel cell, the electrolyte and elec-

trodes are constantly replaced or renewed by the

chemical combination of oxygen with hydrogen,

or a hydrocarbon fuel. The solar cell is a scmicon-

ductor that produces electricity when struck by

sunlight.
See also CIRCUI'l', L,LL,C'I'RICI; CURRF,NT, EI.ECITRIC;

T,LI,CTRO D E ; HYD RO(]ART] O N ; PH C)TC) E,LE CTRI C

L FFL,C.I; SEN,IICONDUCTOR.

CELLOPHANE Cellophane is a thin, flexible,

synthetic (human-made) material that resists mois-

ture . Most cellophane is transparent and either col-

orless or slightly tinted. Cellophane that is not
transparent may have any color. In 1908, Jacques
Brandenberger, a Swiss chemist, invented cello-

phane. It is made from cellulose, which comes from
plants (see CELI.LII.OSF-).

Cellulose is obtained from wood fibers by a

chemical process. Cellulose is then mixed with
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sodium hydroxide (caustic soda). This mixture is

treated with carbon disulphide, forming viscose, a

sticky liquid. Viscose is shaped into a thin sheet,

then placed in sulfuric acid. The acid hardens the

sheet to form cellophane. The cellophane is then

dipped into liquid that removes impurities from
cellophane and makes it flexible. Manufacturers

coat cellophane with a substance, such as synthetic

resin, to make the cellophane moisture proof (see

RESrN).

Most cellophane made in the United States is

used to package products, especially food products,

that need protection from moisture. Cellophane is

sometimes laminated (stuck) to aluminum foil or

paper to make special wrapping materials.
Cellophane is also used in the manufacture of such

products as drinking straws, envelopes, and tapes

used for sealing and mending.

CELLULOSE Cellulose is the substance that

makes up most of the cell walls of plants. It gives

strength to a plant's leaves, roots, and stems.

Cellulose is a carbohydrate, being made of carbon,

hydrogen, and oxygen. Plants make cellulose from

sugars. These sugars are built up from carbon diox-

ide and water in the process of photosynthesis.

Cotton and flax fibers are almost all cellulose.

Wood is about one-half cellulose. Paper is almost

entirely cellulose. The substance is also present in
all foods obtained from plants (see CARBOIIYDRATF,;

I'HOTOS\}JTHESIS).

Cellulose is a major forn'r of dietary fiber and

important to digestion (see r.tLrEn). Cellulose makes

up the bulk and roughage that aid the movements

of the intestines. Cellulose helps prevent disorders

such as constipation.
Cellulose reacts with several strong acids and

bases. For example, when ordinary paper is placed

in a strong solution of sulfuric acid, the cellulose in

the paper swells. It forms a hard, waterproof paper

that is used for legal documents, maps, and

diplomas.

Cellulose is one of the most widely used chemi-

cal substances. It is especially used in the manufac-

ture olexplosives and many plastics.

See A/so CL,LLOPHANE: CELLULOSF, ACL,,IAI.E; R"{YON.

CELLULOSE ACETAIE Cellulose acetarc is

a substance made from cotton linters, which are

short cotton fibers. 'l-hese linters, made chiefly of
cellulose, are treated with acetic acid, acetic anhy-

dride, and sulfuric acid. Sulfr-rric acid acts as the cat-

alyst (see (IAIALYS'I';Ctll.l ULOSF.). When the reaction

is complcte, the mixture is added to water.

Cellulose acetate separates as white flakes. The

flakes are dissolved in acetone . This solution is then

pumped through small holes in a device called a

spinneret, where the acetone evaporates itr warm

air. The cellulose acetate comes out of the spinneret

in the form of long fibers. Chcmicals called piasti-

cizers and solvents are often added to cellulose

acetate to make the fiber more flexible and useful.

Dyes may be added to color it.

Cellulose acetate is used in bulk form as a plastic.

Knife and toothbrush handles are familiar objects

made from cellulose acetate. The plastic is also used

in making magnetic sound recording tapes, electri-

cal insulation, and fireproof motion-picture film.
The material is also used in thin sheets for wrap-

ping various products. Cloth made from cellulose

acetate fibers is silky and does not crease (see RevtlN).

Cellulose acetate is used to make cellulose acetate

butyrate. Because it stands up well under all
weather conditions, cellulose arcetate butyrate is

often used in streetlight globes, automobile tail-
light covers, and outdoor signs.

CELSIUS, ANDERS ( 170 r-r7 44) Anders

Celsius (sEl's€ as) was a Swedish scientist who

invented the Celsius, or centigrade, temperature

scale. Celsius introduced his scale in 1742. It is

used throughout the world today and is part of the

metric system of measurement. Celsius also made

many contributions to the field of astronomy. He

was a professor at the University of Uppsala in
Sweden, where he built the Uppsala Observatory.

Celsius made many observations of the aurora

borealis, or northern lights, and participated in an

Arctic expedition that verified Isaac Newton's theory

that the poles of the earth are slighdy flattened. He

wrote important works on the shape of the earth and

measured the distance between the earth and the sun.

See also AURoIIAT cELSIUS scALE.

330



-_
CEM

CELSIUS SCALE (sEl's€ as skal) The Celsius

scale is a scale used to measure temperature. It is

part of the metric system of measurement and is

used throughout the world (see METRIC sYSTEM).

The Celsius scale is based on 0" as the freezing

point of water and 100" as the boiling point of
water. The scale is divided into 100 equal parts

between these rwo points. The Celsius scale is often
called the centigrade scale, because centigrdde

means "divided into 100 equal parts." The Celsius

scale was invented in 1742 by Anders Celsius, a
Swedish scientist (see CELSIUS, ANDERS).

The Celsius scale has been used as the measure-

ment of temperature throughout most of the world
for many years. In the United States, the Celsius

scale is coming into wider use, though the
Fahrenheit scale is still used as the common mea-

surement of temperature. The Fahrenheit scale is

based on 32" as the freezing point of water and

212" as the boiling point of water. There are 180

divisions berween the rwo points.
Temperatures below the freezing point in the

Celsius scale are given in minus degrees. The low-
est temperature possible in theory is absolute zero.

It is expressed as -273.1.5"C l-459.67"F1.
See also ABSOLUTE ZERO; FAHRENHEIT SCALE;THER-

MOMETF,R.

CELSIUS SCALE

When Anders Celsius invented his temperature scale, he
originally made 0'the boiling point of water and 100'the
freezing point. He later reversed the scale so that the
freezing point of water is at 0o.

CEMENTAND CONCRETE

Concrete made from cement, sand, and gravel is often used
in building constructi0n because it can be poured as a liquid
and then it sets rock hard. Here, it is being poured into a steel
casing to form part of a building's foundations.

CEMENT AND CONCRETE In its broad-

est meaning, cement is any substance that makes

things stick together. Early people probably used

sticky clay to hold together stones to make their
houses. Common library paste and other kinds of
glue are all forms of cement.

Concrete (kdn'kret') is a strong building material.

It is made by mixing a cement with other materials.

The use of concrete goes back thousands of years to

the ancient Egyptians and Greeks. The ancient
Romans made a concrete by mixing slaked lime
(calcium hydroxide) with a volcanic ash. The result

was called hydraulic concrete because it would
harden under water. The Romans called it poz-

zolana. Many of the buildings of ancient Rome,

such as the Colosseum, are still standing because

they were made of solid concrete.

After the fall of the Roman Empire in the fifth
century A.D., the art of making cement was lost

until John Smeaton, a British engineer, rediscov-

ered how to make it in 1756.
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The most common kind of cement used in mak-

ing concrete is called Portland cement, or hydraulic
cement. It is a fine gray powder made of limestone,

silica, and alumina. The first Portland cement was

made by an Englishman, Joseph Aspdin, in 1824.
He burned a mixture of one part clay to three parts

limestone in a very hot oven, called a kiln, until the

raw materials melted together to form a hard mass

called a clinker. When the clinker cooled down, he

ground it into a fine powder. He called the powder
Portland cement because it resembled a stone he

had found on the Isle of Portland, England. Today,

Portland cement is manufactured in a definite way

so that it has become a standard product through-
out the world (see I'OKI'I.AND CEMENT).

Concrete is made by mixing cement with a fine
aggregate, usually sand, a coarse aggregate, usually

gravel, and water. The fine sand mixes with the

coarse gravel, and the two are held together by the

pasty mixture of cement and water. The materials

must be mixed carefully in the right proportions.
Too much water, for instance, makes a thin paste,

and the hardened concrete is less durable.

Meat-eating mammal

CENOZOIC ERA

Mammals have become the l,
dominant Iand animals
during the Cenozoic era, in i
which we live. Grazing
animals lived on grasslands
that replaced much of the
previous forest. Some were
to evolve into the modern
horse. They were hunted by
early dogs. Some early
mammals were enormous.

Special techniques have been developed so thar

concrete can be mixed in large quantities at a cen-

tral plant and then taken to the building sitc in spe-

cially designed trucks. The trucks have turning
drums to keep the freshly mixed concrete from
hardening along the way. Concrete can stand up

against strong pushing by clther parts of a structure.

Thus, it is said to be strong in compression. It is

*eak it-r tension, however, and may be pulled apart

relatively easily. 'fhe tension of concrete can be

increased by use of steel wires embedded in the

concrete. The result is called reinforced concrere,

which is used in many types of construction.
The United States produces more cement and

uses more concrete than does any other country.

CENOZOIC ERA (s€'na zo'ik Er'a) The
Cenozoic era covers the last 65 million years of the

earth's history. It is divided into rwo periods: the

Tertiary period and the Quaternary period. The
Tertiary period lasted approximately 63 million
years. The Quaternary period covers the past 2 mll-
lion years. The Tertiary period is further divided

Tree-eatin g

mammal
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into five segments called epochs. The shorter

Quaternary period is divided into the Pleistocenc

and Holocene (or Recent) epochs.

By the time the Cenozoic era began, most of the

giant reptiles were extinct. Mammals became the

dominant land animal, which is why the Tertiary

period is often called the "age of mammals." Birds,

insects, and flowering plants also evolved to a state

similar to those of today. The Quaternary period
saw the rise of human beings (see EVOLUTION).

The modern landscape took shape during the

Cenozoic era. Tall mountain ranges, such as the

Rockies, Alps, and Himalayas, were formed.
During the later part of the Cenozoic era

(Pleistocene epoch), widespread glaciation
occurred, forming many of the land features of
Europe, Asia, and North America as worldwide cli-
matic patterns changed. As the earth warmed up

again, the glaciers retreated (melted).

See A/so CL,OLOGICAL 
,I.IMT 

SCALE; GLACIATION; ICE,

AGt,,

CENTER OF GRAVITY I'he center of grav-

ity is that point where all the mass or weight of an

object seems to be concentrated. It is also called

the center of mass. If the object is symmetrical,

such as a coin or a ruler, the center of gravitv is at

the midpoint or center of the object (see GRAVITY;

SY]I,IN,IETRY).

The position of the center of gravity is important
in the balance of an object. If the center of gravitl.
is directly over the base of an object, the object will
not wobble. If the object is at an angle so that the

center of gravity is not above the base, the object

may fall. An object with most of its weight at the

bottom, such as a telephone, has a low center of
gravity and cannot easily be tipped over. An object

such as a floor lamp, which has the weight of the

shade and bulb at or near the top, has a high center

of gravity and can be easily knocked over. It is

important that automobiles and ships be designed

with a low center of gravitv to prevent them from
overturning.

CENTIPEDE

This large, tropical centipede clearly shows how the body is
divided into segments, each with one pair of legs.

CENTIPEDE The centipede is a worm-shaped

arthropod belonging to the class Chilopoda (see

ARTHROPODa) . There are more than three thou-
sand known species, mostly varying in size from I

to 2 in. 12 to 5 cml. However, some tropical cen-

tipedes reach l2 in. [30 cm].
The head of a centipede has a pair of antennae

and three pairs of mouth parts (see ANTENNAE).

The body is segmented, each segment having a pair

of legs and usually one pair of small openings for
breathing, called spiracles. Most centipedes have fif-
teen to fwenty-three segments, but some have more

than one hundred. The legs on the first segment are

modified to form fangs. These fangs are called "poi-

son claws" because they are filled with poison. This
poison is injected into prey such as insects, worms,

mollusks, and even other centipedes.

ACTTVITY The center of gravity

Here's how to make a pencil
balance on its point by lowering
its center of gravity. Take a

length of wire about 3 in. [7.5
cml long. Twist one end of the
wire around the lower part of
the upright pencil and bend the
wire around underneath the
point. Place a large piece of
modeling clay onto this end of
the wire. Now stand the pencil
on its point at the edge of a

table, wrth the modeling clay
about 2 in. [5 cml under the
table. The pencilwill stand up
because lts center of gravity is
below its point. lf the pencrl is

tilted slightly, the center of
gravity rises. Then the center of
gravity falls back to its lowest
position, so that the pencil is
returned to its upright position.

JJJ
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Centipedes live in the soil under rocks or logs. If
disturbed, the larger ones can give people painful
bites. Some species of centipedes are biolumines-
cenr (see Bror.uMrNF,SCENCE). see also Mrr.r.rPEDF,.

CENTRAL HEAIING Central heating is a

system for warming a large arca, such as a house,

from one heat source. Heat is delivered where it is

needed. Most central heating systems serve only
one building. Somc, however, heat several buildings,

such as those at an apartment complex.
'I'here are two main types of central heating sys-

tems. A direct system moves warm air throughout
the area being heated. An indirect system carries

steam or hot water through pipes to devices called

convectors or radiators, which give off heat. Both
systems use electricity or a type of fuel, such as

petroleum (oil) or natural gas, as a source of heat.

In central heating systems, the temperature can

be controlled by one or more thermostats. The
thermostat has a bar made of two different metals.

Each metal expands when warm and contracts
when cold, but at different rates. \7hen the air
warms, one metal expands more than the other.

This makes the bar bend in one direction far
enough to touch an electrical contact and shut the

furnace off (see lllMI--'lAt-t-lCl S'I'RIl'};'l'Hl--RMOS'lAI').

In a steam heating systcm) the steam moves

thror-rgh pipes to one or more radiators. In a radia-

tor, the steam condenses to form water (see CON-

DENSATION). As the steam condenses, it releases

heat. This heat flows out to warm the surrounding
air by convection (see CONVTC'I'ION). The cooled

water is returned to the furnace, where it is reheated

into steam. The radiators in a steam heating system

have valves that allow the escape of air. In a hot-
water heating system, hot water travels from the

boiler to the radiators, where it passes on its heat to
the surrounding air. In some systems, hot water
passes through pipes coiled under the floor. In
warm-air (also called forced-air) heating, air is

warmed in a furnace and then forced through a sys-

tem of ducts, or pipes, to each room. Another sys-

tem of ducts carries cool air from the rooms back to

the furnace. Many homes have warm-air systems.

These systems do more than just heat the air. For

example, with a humidifier, a forced-air system

adds moisture to the air, increasing the humiditv
throughout the home. The ducts and blower can be

used as part of a unit for central air conditioning.
Radiant heating involves the use of a continuous

loop of hot water pipe or electric cable. This pipe

or cable may be installed on the floor, wall, or ceil-

ing. Heat leaves the pipe or cable by radiation.
Radiation does not directly raise the temperature of
the air within a room. It affects only the objects it
strikes. Radiation distributes heat more evenly than

convection. All radiant heating systems limit the

temperature difference between the floor and the

ceiling to only a few degrees.

tlectric heating differs from other central heating

systems. It requires no fuel in the building being

heated. The fuel used to produce the electricity is

burned at an electric power plant that may be far

away. Electric heat is produced by heating electric

units. These units produce heat bv passing electric-

ity through a material that resists the flow of cur-

rent. This type of electric heating is called
resistance heating. Resistance heating warms a

room in the same way as radiant heating.

A heating system that uses a heat pump operates

much as a warm-air system. However, the heat

pump uses a condenser, pump, and other equip-

ment to get heat from outside air or the ground and

pump it into the buildinB (see CoNDF,NSF,R).

During the summer, a heat pump works in reverse.

It cools a building by pumping heat from the inside

to the outside.

Besides central heating, two other new methods

of heating are geothermal and solar heating. In
geothermal heating, cold air is carried in pipes

through warm earth below the frozen ground. The

air absorbs the warmth and carries it into the

house. Solar heating uses the radiant energy from
the sun directly. Solar energy not only provides

warmth but can also be used to run machines.

Huge reflectors are needed to "collect" enough sun-

light to heat large areas. Solar heating is likely to be

more commonly used in the future. The fuels

required in central heating systems are extremely

expensive and becoming more scarce evcry year.

See also ENERGY; FUEL; HEAT; SOLAR ENERGY.

.).)4
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CENTRIFUGE (sEn'tra frorcj') A centrifuge is a

device that spins around at high speed. It is usually
an electric nlotor to which two or more conrainers
are attached. When the motor is turned on, rhe

containers spin. The centrifuge is used ro separare

liquids that are mixed together or solid particles
that are mixed in a liquid. As it spins, the heavier

liquid or solid particles move to the outside of a

container, and the lighter substances remain on the
inside. This is how cream is separated from milk.
Ordinary centrifuges can turn at from eight hun-
dred to six thousand times per minute. An ultra-
centrifuge can reach speeds of eighty thousand
turns per minute. Centriluges are used in many sci-

entific, industrial, and medical lerboratories.

CENTRIPETAL FORCE Centripetal (sEn-

trip'i tl) force acts to keep an object moving in a cir-
cle. According to Isaac Newton's first law of
motion, a moving object travels in a straight line
unless a force acts on it (see l)yNA\.itcs). When a

stone is tied to a string and swung around, the ten-
sion in the string supplies centripctaI lbrce that

Centrifuqe tube

CENTRIFUGE

A common type of
laboratory centrifuge holds
four tubes that are spun
rapidly. As the rotor spins
around, the tubes swing
from a vertical to a

horizontal position. Any
solids suspended in the
liquid in the tubes come
together to form a pellet at
the bottom of the tubes.

-Centrif 
u g e

bu c ket

Motor

ed
control

Time control

acts on the stone to keep it from moving off in a

straight line.

An example of centripetal force is the gravita-
tional force that keeps a satellite in orbit around its

ACTIYITY Spin a ball

Use centripetalforce to spin a ball in a circle. Put a
table tennis ball in a small toy bucket and tie a string
to the handle. Let the bucket dangle by the string and
then swing it in a circle. Swing the bucket faster and
faster while raising your arms t0 a level position so
that finally the bucket is swinging in a vertical circle.
The ball will stay in the bucket. Centripetal force
keeps the ball moving in a circle.
Caution: Be sure no one is close to you when you
swing the bucket.

-sr
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pare nt body, as the moon ttrbits thc earth. In
another example, a car traveling around a bend in

the road is kept frorn skidding off by the cer-rtripetal

force supplied bv friction between the tires and the

pavement (see IrlLl(.'l'l()N; tlRAVl'l'Y) .

According to Newton's third law of motion, every

force creatcs an equarl but oppositc reaction. In the

example of the stone and string, centripetal force is

balanced by a force exerted bv the string on the

hand of thc person holding it. This force is known

as centrifugal fcrrce.

CEPHALOPOD (sEf'a la pod') Cephalopods

are saltwater animals that belong to the class

Cephalopoda, in the mollusk phvlum (see H,lclt.-

LUSCA). T'he octopus, squid, cuttlefish, nautilus,

and ammonite (an extinct animal similar to the

nautilus) belong to Cephalopoda. There are some

750 species.

Cephalopods are soft-bodied animals without
any bones. A thick fold of "skin" called the mantle

partly surrounds their bodics. ln other mollusks,

such as clams, the mantle produces a hard shell that

encloscs the body. Thc nautilus is thc only living
cephalopod witl'r a shell. The cr-rttlefish ancl sqr.rids

have a small trace of a shell inside their bodies, but

thc octopurcs .lo n.rt.

Cephalopods are all predatory anim,rls (or

hunters), feeding on shrimp, cr;rbs, fish, and also

other ccphalopods. Cephaloprods breathe with gills

in the mantle cavity. After the water travels throttgh

the gills, it passes out through the si;rhon, a short

spout. When this water is forccd or.tt olthc siphorr

quickly, the animal moves backwards rapidlv.
Cephalopods Llse this rnethod to escapc frorr-r their

encmies. They also squirt an inky liquicl into the

water, which makes the water clor-rclv and hard for

their enemies to see through.

CEPHALOPOD

The pictures below show the main gr0ups of cephalopods.
Apart from the nautilus, cephalopods catch prey with
sucker-covered arms or tentacles. The octopus has eight
arms. The squid and the cuttlefish both have ten arms-eight
short ones and two long ones that can shoot out when prey
approaches. The nautilus has up to ninety short arms, which
have no suckers and merely grab small animals and shove
them into the mouth. The ammonite, often found as a fossil,
was a cephalopod that became extinct millions of years ago.

Ammonite

N a util us

0ctopus



Cerarr-rics are objects r-nadc from rnaterials strch as

clav, fclclspar, sand, and talc that have been frred into

pernranent firrrl. The word cernrnio', whicir also

refers to the art olrnaking thcsc objects, corncs frorn

the Grcek word l<erarnas, meanirrg "ptttter's clav."

The term ceramic describes prodr,tcts thert arc nrade

lrom materials other than a metal or a plastic.

Pottcry is the oldcst fbrm of ceramics, dating
birck to pre historic tirncs. 'l'he oldest wav of {rrsh-

ioning cla1, into potterv is b1'a rotating u'heel called

the potter's wl"rcel. Many new nrethods havc sincc

been developed.

Clay and other materials r-rsed in ceramics forn'r

most of the carth's crust. These minerals, called sil-

icates, are crushed and ground into flne particles.
-l'he 

particles are mixed anci added to water. \Water

makcs the particles flexible for shaping. Jiggering is

a common n'rethod used to shape clav ceramics. Irt

jiggering, nr machine presses the clav into a spirrnirrg

rnold of the dcsired shape. Slip casting, another

method, is donc bv pouring liquid clav into a mold.

Some products, such as abrasives or inslrlators, are

CEneUICS

made bv pressine the clav it-rro a nrolcl. F-xtrltsiott

shapcs bricks bv fbrcine the clav thror.tgl-r att ope Ir-

ing in a shllping clevicc (see c.,ts t lxt').
After rhe procluct has driecl, it is flretl, or hcatccl.

This process takes placc in a special 11'1',c t,f firrtracc

callccl a kiln (scc Klt.N). (jcranrics :rrc fireci at tcnt-

peratures raneing fi-onr 1202"1 [(r50'(.] to .1002"F

[1650"C]. Firing harclct-ts the proclttct it-tto pertla-
nent fbrm ancl tn:rkes it strot-rg rtncl clr.tr,rble .

Manv cerarnic proclttcts are coatecl rvith a glrrssv

coveritrg callecl a glaze. (ilaz-c seals the sttrfrtcc ancl

prevents tl're prodttct lrotl rrbsorbing liqLricls. It rtlso

givcs a srnooth surfacc to thc proclttct attcl rrtal<cs it

casier to clcan. Some glrrz-cs are ttsecl fitr cle...,r'.rti.,rt.

C)nc important Llse of ccrrrnric ntatcriltls is irt

MAKING POTTERY

Pottery making begins with shaping the soft, wet clay.
Circular objects, such as plates and bowls, can be made by

shaping a lump of clay on a rotating potter's wheel (below

left) This technique is called throwing. The wheel is powered
by a foot-operated treadle or, m0re often nowadays, by an

electric motor.

DECORA'TINC

Fine china is often
decorated with intricate
designs by highly skilled
painters (above).

:.itdt:'

..:.
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CERAMICS

making abrasives, which are materials used for
grinding. Manufacturers use extreme ly hard
ceramic materials. such as alumina and silicon car-

bide, for grinding, polishing, and sanding many

surfaces.

Clay and shale are used to make construction
products, such as bricks and drainpipes. Cement is
made chiefly of calcium silicates (see CEMF-NT ANt)

cONCRTITE). Gvpsum is used in the manufacture of
plaster. Bathtubs, sinks, and toilets are made of
porcelain, which is made of clay, feldspar, and

quartz.

Ceramics make excellent bowls, cups, and plates.

Li addition to not absorbing liquid, ceramics resist

acids, salts, and extreme heat. Most ceramic din-
nerware is made from a mixture of clay, feldspar,

and quartz.

Some ceramic materials, such as alumina and

porcelain, do not conduct electricity. These mate-

rials are useful as insulators-for example, in elec-

tric power lines and television sets. Barium titanate
is a ceramic material uscd in making capacitors,

electrical devices used to store, or hold, an electric

charge.

It was discovered in 1986, however, that certain

ceramics have the ability to be superconductors. A
superconductor is a substance that conducts elec-

tricity without resistance (see RnstsTaNCE, ELECI RI-

CAI-; SUI']FRCONDLiCITIVIIY). Superconductors
allow electricity to be carried long distances with-
out losing any voltagc (see VOLT). Until 1986, all

FIRINGAND COLOR

Firing clay by heating it
inside a klln to a

temperature in excess of
1,200"F [648"C] transforms it
into a rock-hard material.
The color of the sinks is
determined by the chemical
substance used to glaze
them. The glaze takes on its
final color only after firing.
Changing the chemical
make-up of the glaze
changes its color.

superconductors were made of metals. Metals have

to be cooled to near -459.69"F l-273.16"C1 before

they are superconductive. -I'hese 
temperatures are

difficult and costly to achievc. However, ceramics

become superconductive at -234'F [-148"C]. This

temperature is much easier to reach. Ceramic
superconductors do have some disadvantages,

however. They are expensive to produce and diffi-
cult to make into wire.

The ceramic material silica is used in making a

great number of glass products (see cless). 'fhe

glasslike substance called porcelain enamel is used

as a protcctive coating on many metal products,

such as refrigerators, stoves, and washing machines

(see ENAMst-).

Refractories are another important group of
ceramic products, often used for lining furnaces.

Refractories resist heat and chemical action.
Certain types of refractories are used for rocket

nose cones. Ceramic substances used in making
refractories include alumina, magnesium com-
pounds, and silica.

Experts in ceramics are continually developing

new uses for their material. Different types of
porcelain are used to make false teeth and artificial
bone joints. Uranium oxide ceramics are used as

fuel elements for nuclear reactors. Alumina is used

in making certain lasers, which produce extremely

strong light.
SCC A/so CI,AY; FE,LDSIAR; FLIN.,I.; GYI)SUM; QUARTZ;

SHALE; SILICA.
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CEREAL CROP Cereal crops are annualplants

that are among the most important food plants (see

ANNLTAL PI.ANT). 'fhey have a high starch content

and are a good energy source. \With the exception

of buckwheat, all the cereal crops are members of
the grass family (see IlUciK\(HIAT FAMILY; GRASS).

Cereal crops were cultivated as earlv as 5000 B.C. in
Asia. T'hey are now raised throughout the world.

Farmers constantly try to improve the quality of
their crops through genctic control (see BREL,DIN(i;

HYBRTD).

Cereal crops are grown for human use and animal

use. Corn can be eaten cooked or can be processed

into flour, syrup, oil, or other forms. Once
processed, corn can be used in many foods such as

bread and breakfast cereals. \Wheat is usually
ground into flour and used for breads and other

foods. Rice is the main food in the diets of half the

people in the world. Most Asians rely on ricc as

their major food. The outer covering of rice, the

husk, is rich in vitamins. Millet is another maior

cereal crop, especially important in Africa.

Cereal crops used for animals are in the form of
feed. About half of the corn grown in the United
States is used for livestock feed. Mixed feed is made

of one or more grains from cereal crops, vitamins,

protein supplements, and drugs.

Cereal crops have many other uses. They are an

CEREAI CROP

Plant scientists are constantly experimenting with different
strains of cereals to improve on the yield of existing crops
and their resistance t0 pests and diseases. New strains are
tested in the laboratory and also in field trials t0 ensure that
they have no unwanted characteristics.

important ingrcdient in n-ranv medicines, explo-

sives, and alcoholic beverages (see AI i.oHOL).

CEREBELLUM (sEr'a bEl'am) The cerebellurn

is the second largest part of the human brair-r. It lies

toward the rear of the cerebrum. The cerebellum is

concerned with the sense of balance, position of
the bod,v, and coordination of bodily movements.

Certain animals that need good balance and coor-

dination, such as birds and mammals, have a

larger, more developed cerebellum than do fish and

reptiles.

See ako BRAIN.

CEREBRAL PALSY (sa re'bral p6l'z-e) Cerebral

palsy is a brain disorder that results in the impair-

ment of muscle control and coordination. Cerebral

palsy may be caused by brain damage that occurs

before or during birth or during the first few years

of life. The brain damage may be due to head

injuries or to certain infections-for example,

German measles in a pregr-rant woman. Cerebral

palsy is rarely inherited. Some people with cerebral

pals1, have sight or hearing problems or mental

retardation. Most people with cerebral palsv can

learn to lunction with their disability through
physical or occupational therapv.

See a/so BRAIN.

CEREBRUM (t, re'bram) The cerebrum is the

largest part of the human brain. It is divided into

rwo halves called cerebral hemispheres. The outer

surface of each hemisphere is called the cortex and

contains a large number of nerve cells (neurons) .

These nerve cells receive messages from the sense

organs, such as the eye and the ear. 'fhe messages

are used bv the brain to interpret the surrounding

environment. It then sends out signals to the rest of
the body.

Different parts of the cerebral hemispheres are

called lobes. Cells in these lobes receive messages

from various kinds of sense organs. For example,

the temporal lobes are near the ears and serve as

centers for hearing. The occipital lobes are centers

for the sense of sight.

See also gR"{tN.
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CHADWICK, SIRJAMES (18e1-1e74) sn

James Chaclwick was a tsritish phvsicist who dis-

coverecl thc neutron, a part of rhe atom. He also

discoverecl the existe ncc of isotopes and played an

ilnportant role in the development of the first
irtomic bornb during Worlcl War II.

In 1932, Chadwick showed that radiation from
the element bervlliurn, causecl by the bornbard-
rnent olnrlpha particles, is actually a srream of elec-

trically neutral particlcs. He called these particles
nelltrons :rnd poirrted our that they were about
eqr-ral in lnass, or weight, to protons.

Chadwick also cxplaincd the existence of iso-

topes. Isotopes of an element are different forms of
that elen'rent that have the same chemical proper-

ties but differ in otl-re r wavs. For example, atoms of
different isotopcs have diflerent relativc atomic
nrasses (atornic weights). Chadwick showed that
this is because the isotopcs contain a dilferent num-
ber of r)eutrons ir-r their nuclei. In 1935, Chadwick
was awardecl the Nobel Prize for phvsics (see tLL,-

N4[Nl-; ISOlOl)1,).

Chadwick's discovery of the neutron, and
research on chain reactions caused by nuclear fis-

sion, contributed to thc development of the first
atonric bomb. Chadwick also spent several years

working with Ernest Rutherford on the transmura-

tion of elements. 'l'his is thc process whereby ele-

ments give olf electrically charged particles known

as alpha and beta rays. Thcse change the makeup of
the original atom in the element. Becaruse of the

changes, the new atom is of a different chemical

element (see ttU't'Ul.RfORt), E.RNEST; TRANSN4UTA-
'l'loN Ot; L.l.l-.MF.NTS). Chadwick earlier studied with
Hans Geiger, the German nuclear physicist who

invented the Geigcr counter and who made

important contributions to the understanding of
radioactivity.

See a/so iYr-oM; cF.rcF,R cc)uN'l L.R; NLJCt.F,AR

WL;\PONS; RADIOACI-lVl'l Y.

CHAIN REACTION A chain reacrion is a

reaction that triggers a series of other reactions. An
example of a chain reaction is shown by ten

CTTAIN RTACTION
The nuclear energy of uranium
is released in a chain reaction
(above). 0ccasionally, a uranium
nucleus splits into two,
producing two other nuclei and
two or three neutrons. This is
called fission. ln ordinary
uranium (uranium-238 or U-238),
these neutrons are absorbed or
lost from the material. But in a

reactor or bomb, the uranium
has been "enriched" so that it
contains many atoms of U-235.
The neutrons hit other U-235
nuclei and trigger more fissions,
and so on. lf the release of
energy is uncontrolled, there is
a nuclear explosion (left).

\

*- Neutron

5; Uranium-235 atom

e 1|,"'*--Fission 
products (other kinds of atoms)

beot
l"*""":.
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dominoes standing in a row one behind the other.
'Ihe first is pushed to hit the second domino. 'l'he

second domino hits the third domino. I'he reac-

tion continues until all the dominoes fall.

A nuclear chain reaction begins with fission.

Nuclear fission is the splitting of an atomic
nucleus. tWhen the atomic nucleus is split, a large

amount of energv is released. Nuclear fission

occurs, for example, when a neutron strikes the

nucleus of an atom of uranium or plutonium. Thc
nucleus breaks into two smaller nuclei and releases

neutrons. Each of these neutrons mav strike more

uranium or plutonium nuclei, releasing still more

neutrons. 'fhis continuous process is called a chain

reaction. A nuclear chain reaction can produce a

large amount of energy. This energv may be con-

trolled and changed into electricity. An atonric

bomb explosion is an example of an uncontrolled

chain reaction.

See AIso ATOM; FISSION; NLJCLEAR ENF,RC]Y] NU(-LF,AR

WL,APONS.

CHALK Chalk is a soft white or grayish form of
limestone. It is composed largely of calcium

CHAMELEON

The chameleon in this drawing is catching an insect with tts
very long t0ngue. Notice the strong claws and tailthat
anchor the chameleon firmly to the branch.

carbonate. The calcium carbonate contcs from the

shells of the tiny sea creatures called foraminife rs.

Many chalk deposits contain bands of a harder sub-

stance called flint, a varietv of quartz (see cAL(llLlM

(lARtlONATF.; Lllt4I:STON h) .

Many chalk deposits formecl during thc
(lretaceous period, about l3(r million vears ago.

The White Cliffs of Dover, a large chalk deposit in

L,ngland, were formed during this period. Chalk

deposits are also found in South Dakota,'Ibxas, and

Alabama. Althor-rgh blackboard chalk is callecl

chalk, it is actuallv n-rade mostlv of gypsum.

CHAMELEON (ka rnel'yan) A chameleon is a

lizard that belongs to the family (lharnaeleonidae.

There are ove r eighty species of chameleons. Most

are found in Africa. Most chameleons are small,

sometimes reaching B in. [20 cm] in length. 'I'hev

feed mainly on insects, which the.v catch bv firing

out their long, stickv tongues at high speed. Thev

are best known for their ability to change the color

of their skin to match their surror-rndings. If a

chameleon sits in a green bush, it turns greett. If it
sits in brown leaves, it turns brown. A chameleon is

also able to move its eyes independently of each

other. This allows it to look in two different direc-

tions at once. Chameleons are often kept ars pets.

See nlso (lAMOLlFl.A(;Er LIZAI{D.
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CHAMOIS (shim'e) l'he chamois is a goatlike
m:rmmal with short, curved horns (see NlAN,tMAt.).

It lives in the mountains ol E,urope and western
Asia, spcnding summers near rhc snow,covered
peaks. In the winrer, rhe chamois moves down to
the forests lower on the rnountain. The chamois is

reddish brown in color and grows to a height of 30
in. 175 crll at the shouldcr and a weight of 132 lb.

[60 kgJ.

Charnois live in bar-rcls of ten ro fifteen menrbers.
'l'hey are able to make enormous leaps across

ravines and from rock ro rock. Chamois are hunted
for their skins. These skins can be made into a verv
soft leather, which is also called chamois. Soft, syn-

thetic (human-macle) leathers and sheepskin are

often sold as chamois cloth.

CHAMOIS

Chamois graze 0n the sparse vegetation high on the rocky
slopes of the Alps and other European mountains during the
summer. They may go above 'l 1,500 ft. [3,500 m]. They move
down to lower ground for the winter, when their coats
become thicker and much darker.

CHARCOAL Charcoal is a black, brittle sub-

stance that is porous, or full of tinv holes. Most
charcoal consists mainll. of amorphous carbon.
Amorphous carbon is a powdery form of rhe ele-

ment known as carbon (see C,lRnCtN). Charcoal also

has a small amount of impurities, such as hydrogen
and sulfur compounds.

Charcoal is manufactured by heating plants rich
in carbon or by heating animal remains, such as

bones, in ovens that conrain little or no air. As the
substance is heated, most of the hydrogen, nirro-
gen, and oxygen in the substance escape. The end

product is charcoal.

Wood charcoal, so called because it is rnade from
wood, is the most common tvpe of charcoal. It con-

sists chieflv of carbon. lt h:rs some ash (the incom-
bustible residue of carbon-containing substances

that is left after burning) and inrpurities. Bone

charcoal, also called boneblack, is made from ani-
mal remains, mostly bones. Bone charcoal is madc

r-rp mainlv of ash, along with some carbon and

impurities. Activared ch:rrcoal is charcoal from
which most of the impuritics have been removed.

It is rnade bv treating charcoal with steam and air
heated to at least 604.4'F [3lB'C].

Charcoal has many uses. It makes an excellent
fuel. Many people burn charcoal in outdoor barbe-

cues. Artists use wood charcoal for drawing. In
powdcred form, wood charcoal is used in filters and

also in gunpowder. Bone charcoal is used in pig-
ments, or coloring matrer. These pigrnents are used

in dyeing leathers and coloring inks and paints.
Powdered forms ofwood, bone, and activated char-

coal are usecl to remove unwanted colors, flavors,

and odors from gases and liquids. Charcoal per-
forms these tasks by adsorption (see ABSORI ION
AND AI)SORPTION). Activated charcoal is the kind
that best takes up other substances by adsorption.

CHARCOAI
The brittle nature and jet black color of wood charcoal make
it idealfor drawing. As it is moved acr0ss paper, it leaves a

loose, black powdery deposit behind. lt can make a thin, solid
line like a pencil, or it can be spread across the papert0
cover larger areas by rubbing it with a finger.
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CFIARGE \Whcn an obiect can calrse electrical

effects it has electricerl charge. All atoms, the basic

units of matter, are made up of particles called pro-

tons, electrons, and neutrons. Protons are particles

with positive charge. Electrons are particles with
negative charge. Neutrotrs are neutral particles,

having no chargc. 'l-he charge of an atom is deter-

mined by the numbers of electrons and protons.

Because all matter is rnade up of atoms, all objects

contain charged particles. Dcpending on the num-

ber of electrons and protons in its atoms, the charge

of an object may be neutral, positive , or negative .

An object has a negative charge when it has more

electrons than protons. 'l'he charge is positive when

there are fewer electrons than protons. \When an

atom loses ern electron, it becomes a positively
charged ion. In electrochemistry, this is called a

cation. When an atom gains an extra electron, it
becomes a negatively chargcd ion, called an anion

in electrochemistry. When the number of electrons

and protons is equal, the positive and negative

charges cancel each other out, producing a net

charge of zero (see Rt.ctv; IONS AND IONIZAT'loN).

Objects with the same type of charge (both posi-

tive or both negative) repel one another. Objects

with opposite types of charge (one positive and one

negative) attract one another. 'l'he unit for mea-

surement of a charge is the coulomb.
.See a/so COUI.OMB: L.LECTROS'IAfICS.

CHARLES'S IAW Charles's law states that the

volume a gas occupies under constant pressure

varies with its absolute temperature. Absolute

CH

tcmperatlrre is measured on a scale in which zero

equals absolute zero (-459.69'F or -273.I6'C).
Charles's law was formulated in 1787 by Jacques

Alexander Charles, a French chemist. He did not

publish his theory but explained it to another French

chemist, Joseph Gay-Lussac. Gay-Lussac published

the theory in 1802. Consequentlx Charles's law is

sometimes known as Gay-Lussac's law.

If the absolute temperature of a gas under con-

stant pressure doubles, its volume also doubles.

Similarly, if the absolute temperature decreases by a

half, the volume decreases by a half. Gases become

liquids or solids when their temperatures are low-

ered far enough.

See ako BOYI-E'S LAV/I CAS.

CHEETAH A cheetah is a large member of the

cat family, Felidae. It is found in Africa and south-

western Asia. Because of the black spots on its
golden body, the cheetah is often mistaken for a

leopard. The rwo big cats can be told apart by the

black line that runs from the cheetah's eye to the

corner of its mouth. Cheetahs also have a thinner

body and longer legs. The length of their head and

body is up to 5 ft. [1.5 m] and thev weigh up to 140

lb. [63.6 kgJ. Unlike other cats, the cheetah has

nonretractable claws. The claws always stay out,

like those of a dog. Perhaps the best-known fact

about the cheetah is its speed. It is the fastest ani-

mal on land. Cheetahs are able to run at 70 m.p.h.

[112 kph] while chasing antelope, their major prey.

However, the cats can maintain these speeds only

over very short distances.

See also cAT: I.EOPARD.
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CHEETAH

The cheetah is also known
as the hunting leopard.
People living in southwest
Asia used to train the
animals to hunt gazelles
and other antelopes.
Cheetahs themselves have
also been hunted for their
fine fur, which has made
them very rare animals in
many areas today.
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CUEMICAL A.IATYSTS

Chenrical analysis is rl-re way a chcrnisr flncls the
iclentities ancl arnounts of chcmicals in a substance.
'l'l'rerc rrre two main kincls of chcmical analvsis. ln
qualitativc analvsis, a chemisr tries to fincl our what
elemelrts ancl con'rprotrncls (nrixtures of elerncrrts)

vrrrious kincls of mattcr rrre macle of (see cl()M-
I,OllNI); r,t.t,ltt-.X'l-). ln quarrtitarivc analy'sis, the
chemist is concerncci wirh how much of each cle-
ment or compound is ilr various kinds of matter.
-l'hr.rs, if the chcr"nisr r,vilnrs to know if salt conrains
iocline, he or slre clocs a qtralirative analvsis. If rhc
chemist wllnrs to l<now hclw r"nuch iocline is in salt.
hc or shc cloes u quantirutive analysis.

Tl'rc rnethods r-rsecl in qualirarivc analysis clepend

on whether the substance is organic or inorganic.
Orgernic substances contain carbon. Inorganic sub-

stances generally do not. If a substance is inorganic,
the various elements or groups of elements present

can be identified by rhc wav they react with certain
test chemicals, called reagenrs. If a subsrancc is

organic, ern:rlysis is more difficult. The general type

of organic compound presenr can be identified bv
how it reacts with other chemicals. 'l'he actual com-
pound is found by meirsuring a phvsical property,

QUATTTY CONTROL

Chemicalanalysis is used to check
products. Here a laboratory worker
for analysis.

the quality of many
is taking samples of paint

m



STJBSTANCE CONTENT
Through the use of
sensitive scientific
instruments, chemists are
able to analyze substances
to identify their chemical
content.

such as its melting or boiling point. The physical

property choscn to be tested must be one that is
different fbr each of the various compounds of one

general typc. The result must then be checkecl to

see that no mistakes have been made.

In quantitative analysis, inorganic substances are

usr-railv first dissolved to fonn solutions (see tNon-

cANIC cI{F.MIS'I-RY). 'l'he amounts of compounds

present in the solutiorrs rnay be found by neasur-

ing the strength of the solutiotrs by volumetric
analysis. Volumetric analysis is performed by react-

ing amounts of the solution and a test solution

togcthcr. In this way, a chemist finds out how much

of one solu.tiou is needed to react completell. with
a certain amollnt of the other. The amounts of
compounds present in solution can also be found

by precipitating (a way of removing) each com-

pound frorn the solution as a solid. The solicl is

then separated, dried, and wcighed. l'his method is

called gravinretric analvsis. In organic chemistry,

each of the compounds present may have to be sep-

arated fron'r thc substirnce. The amounts ol these

compounds are measured. If the compounds can-

not be separated, special derivatives of the

compound may h:rve to bc nrade. (A derivative is a

compound obtained from another cornpounc{.)

The amounts of these derivatives are measured (sce

OR(;ANI(- CH F,M IS'I'RY).

The methods of chemical analysis depend on the

chemical makcup of the compounds be ing ana-

lyzed. Chemists today use certain machines to

CHEMICAL ANALYSIS

"q&*'"
;\"

measure the physical properties of the compounds

present. Different methods arc used to identil,v

certain physical properties. Mass spectroscopv is

concerned with the masses of atoms present (see

SPF.C'l'ROSCOI'E). Chromatography is concerned with
the amounts of the compounds that are absorbed bv

special substances (see cHnoHl'{l'OGIL\PHY). X-ray

diffraction is analysis usir-rg X ravs (see x RAY).

Polarimetry is ar-ralysis of certain compounds using

polarizecl light (see POLARIZF.D l.l(lH'l'). Polarography

is a technique in which analysis is performed using

electrochemical methods. Radiochemistry is the

str-rcly of chemical proccsses by using radioactive

materials (see t tolctacrtvtry).
Chemical analysis has many important uses. Food

chemists must be able to identifi, and measure the

amount of any impr-rrities in food and drink. A foren-

sic scientist working in crime detection depends on

chemical analysis (see FORENStc sctLNCF,). Chen-rical

analysis has wide use in indr.rstry. 'fhe puriw of prod-

ucts in the chemical industry must be constantly

checked. Very often, small amounts oltimpurities can

harmfully aflect the usefulness of products. For

example, the presence of only 0.01 percent of phos-

phorus can greatlv lower the qualitv of copper as an

electrical conductor. Chemical analysis is also

extremely important in medicine. Of great impor-

tance are the analyses of blood, urine, and stomach

fluids to identifu certain diseases.

See rtlso CHF.N{ICAL INDUSTRY: C.HElv{l(lr\L RL.ACllON.
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CHEMICAL AND BI O LO GICAL \TAR-
FARE Chemical and biological warfare is the use

of chemical and biological substances to kill or dis-

able large numbers of people or to destroy their
food supply. These weapons usually destroy life
without harming property.

Modem chemical warfare began in World \Var I,
when chlorine gas was first used by the Germans.

Chlorine alfects the lungs, causing choking and

making it difficult to breathe. Gas masks were

developed to keep the soldiers from breathing
the gas. Chlorine disabled so many soldiers that
the Germans devoted much more research to
harmful gases. Before the end of World \Var I, gases

of many types were used by all the armies involved
in the war. Mustard gas was one of these gases. It is

absorbed through the skin, making gas masks use-

less. The gas causes blistering of the skin and irrita-
tion of the lungs. Although mustard gas is nor
related to mustard, their odors are similar. Another
gas, nerve gas, interferes with the normal action
of the nerve cells and can cause convulsions,

Mask

CHEMICAL AND BIOLOGICAL\JrAR-FARI,

lf a chemical or biologicalattack is likely, modern soldiers
have to fight in sealed suits to prevent harmful materials from
reaching their skin. They wear masks that filter the air they
breathe. These NBC (nuclear, biological, chemical) suits also
pr0tect soldiers from fallout (radioactive particles) from a

nuclear attack.

vomiting, and death. Man1. types of nerve gas are

tasteless, odorless, and colorless.

Other gases, such as tear gas, have a temporary
effect. Tear gas causes irritation of the nose, lnouth,
and eyes; excessive tearing; and violent coughing.

Tear gas has been used in controlling crowds dur-
ing riots as well as in warfare.

Some chemicals are used to kill plants. These

defoliants were widely used in the Korean and

Vietnam wars. Defoliants were sprayed on fields

and jungles from airplanes and helicopters. In the

Vietnam \War, United States forces used such defo-

liants as Agent Orange to destroy the communists'

hiding places and food crops. Much of Vietnam's

landscape was scarred and perhaps permanently
damaged as a result.

Biological warfare uses disease-causing nricro-
organisms such as bacteria and viruses (see nac't'1,-

RIA; vIRUS). It is sometimes called germ warfare.
'fhis type ofwarfare has been used for thousands of
years. For example, toward the end of the French

and Indian War (1756-1764), British soldiers gave

blankets infected with smallpox to the Native
Americans. The Native Americans were fighting
with French soldiers against the British.

In I975, an international treaty banning biologi-
cal warfare was approved. It prohibits production,
possession, or use of biological agents. The forty
countries that signed the treaty agreed to destroy

their stored biological agents.

CHEMICAL FORMULAS AND EQUA-
TIONS Chemical formulas and chemical equa-

tions describe the makeup and reactions of
chemical substances. Chemists use chemical sym-

bols to stand for the elements. For example, the

symbol for oxygen is O, and the symbol for hydro-
gen is F1. However, not all the symbols consist of
the first letter of the English name for the element.

That would not be possible : the re are 105 elements

and only 26 letters. Some elements, therefore, have

symbols consisting of two letters. For example, C/
stands for chlorine andAl stands for aluminum. In
some elements, letters from the Latin names for the

elements are used. 1\/z stands for sodium because

the Latin for sodium is natrium.,4zz stands for gold

Patch of
chemical-
detecting
paper
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because the Latin for gold is aurum. PE stands for
lead because the Latin for lead is plumbum.

To make up the formula for a chemical com-

pound (mixture of rwo or more elements), chemists

combine the symbols of the elements present.
'Water is a compound containing two atoms of
hydrogen and one atom of oxygen. Its formula is

H2O. Table salt consists of one atom of sodium

and one atom of chlorine. Its formula is NaCl.

Chemical equations use these symbols and for-

mulas to show what happens when atoms react

together. Hydrochloric acid is a common acid, with
the formula HCl. Sodium hydroxide (also called

caustic soda) is a common base, with the formula

NaOH. 'When these two compounds are mixed

together, they react. This means that the atoms of
one compound rearrange themselves with the

aroms of the other compound. You can see this

clearly in the equation below. When hydrochloric

acid reacts with sodium hydroxide, the atoms
rearrange themselves so that table salt and water are

formed.

HCI + NaOH 'NaCl + H,O

A chemical equation has to "balance." That is,

there must be the same number of atoms of each

element on each side of the equation. If you count

the number of hydrogen atoms in the above equa-

tion, you will see there are two on each side.

See a/so ATOM; L,LLMENT; CIOMPOUND.

CHEMICAL INDUSTRY Manufacturers
involved in the production of anything made with
chemicals make up the chemical industry. An
almost countless number of products are made

with chemicals. By producing more and more such

products, the chemical industry has brought about

many changes in our way of life.

A brief history Early developments in the chem-

ical industry came during the 1600s. Scientists

such as Robert Boyle, Joseph Priestley, Antoine
Lavoisier, and others led the way to modern chem-

istry and the chemical industry (see BoYl-E, RoBERT;

LAVOISIER, ANTOINE; PRIE,STLL,Y, JOSEPH). IN 1635,

CH

John \Winthrop, Jr., started America's first chemical

plant in Boston. He produced saltpeter for gun-

powder and alum for tanning hides. Still, most of
the chemicals used by the colonists came from
Europe. By i900, many dyes and drugs were being

manufactured in Germany, England, and France.

Discoveries at this time included Bakelite resins by

Leo Baekeland, and synthetic (human-made)

ammonia by Fritz Haber (see AMMONIA; BAEKE-

LAND, LEO; BAKELII.E).

The development of synthetic plastics and fibers

came during the 1920s (see FIBER; PLAS1'IC). Shortly

after, the first petrochemicals were produced for
commercial purposes. A petrochemical is any sub-

stance obtained from petroleum, such as gasoline.
'World'War iI (1939-1945) sparked the American

chemical industry to produce a great deal of war

materials. \Tartime proved many synthetic materi-

als to be as useful as, and sometimes more useful

than, natural materials. After the war, there was a

great demand for chemical materials such as nylon

and synthetic rubber. The chemical industry has

grown rapidly since 'Vorld 
'War II. The United

States is now estimated to produce about 40 per-

cent of the world's chemicals.

The types of chemical products There are

three main types of materials made by the chemical

industry. One is basic chemicals, both inorganic

and organic compounds. (A compound is a mixture

CHEMICAI INDUSTRY-Research

lndustrial processes for the production of large quantities of
chemicals begin with small-scale production in the
laboratory. 0nce a process is working, the next stage is to
scale the pr0cess up for production of commercialquantities

347



>
CHE

of two or more elements. Organic compounds con-
tain carbon; inorganic ones generally do not.) The
materials for these basic chemicals come from the
air, earth, and sea. Crude petroleum is the most
important raw material for basic chemicals (see

PETRoI-L,UM). 'l'hese include ethylene for antifreeze

and xylene for paint and for synrheric fibers.
Limestone rock supplies lime used to make prod-
ucts from which acetylene gas is then made.
Furfural, made from corn cobs, is a chemical often
used in making plastics. 'I'he chemical industry gets

magnesium fiom the sea and iodine from seaweed.

Basic chemicals may be used by themselves or
made into intermediate chemicals, the second type
of chemical products. Intermediate chemicals
include svnthetic fibers, plastic materials, fats, and
oils. All intermediate chemicals are eventually
made into finished products. As an example, the
basic chemicals urea and formaldehyde are used ro

make an intermediate chemical. This chemical is a

synthetic resin (see RESIN). The resin can be molded
into items such as handles and light fittings.

The third type of chemical materials, the finished
chemicals, include soaps, paints, cosmetics, drugs,

and many other products. These products are ready

for use in the home or in manufacturing.

CHEMICAI INDUSTRY-Production
Modern chemical production takes place in plants that
0ccupy large areas. ln this plant, organic solvents (liquids
that dissolve other substances) are being separated by
distillation in the four tall towers.

Making chemical products The firsr step in
the manufacture of chemical products is research.

Chemical research tries to satis$z the needs of vari-
ous manufacturers and consumers. For example, at

one time, the best paint was made with lead and

thinned with linseed oil. This paint had an

unpleasant smell and dried very slowly. Also, lead

was found to be harmful to health. Research

chemists invented new lead-free paints that can be

mixed with water. Some of these paints dry in
twenty minutes.

The next step in making chemical products is the

obtaining of raw materials. Chemical companies

try to locate near the raw materials they need. For

example, factories that make petroleum are often
set up near the oil fields of the southwestern United
States.

The third step is manufacturing. \When a com-
pany decides to manufacture a product, chemical

engineers are needed. Chemical engineers break

down the laboratory methods into certain steps of
physical operations and chemical processes. Some

physical operations put the raw marerials into the

desired form. Common physical operations
include mixing, grinding, distillation, exrraction,
fluidizing, evaporation, drying, and filtration.

Mixing is usually a simple process. Sometimes
large, complicated machines are used to mix and

blend powders, liquids, and other substances. The
object of grinding is to produce particles of a cer-

tain size. For example, the ball mill grinder is made

of a rotating drum that contains steel or flint balls.

The balls reduce the size of the particles as rhey

tumble over each other. Distillation is the separa-

tion of a mixture of liquids into dilferent parts by

boiling (see otsrlr-r-aTtox).
\When a mixture of two liquids cannot be sepa-

rated by distillation, extraction is used. For exam-

ple, it is used to remove acetic acid from weak acetic

acid solution. The solution is treated with ethyl
acetate, which dissolves the acetic acid. 

-fhis 
exrracr

is then distilled so that pure acetic acid is obtained.
Fluidizing is used for moving solids in a particle
form and for keeping particles in suspension in a

fluid. Evaporation is one of the main ways to
obtain substances dissolved in water. The most



common evaporators are steam-heated. The steam

passes through tubes in the solution. The hot solu-

tion gives off water vapor. Therefore, the solution

becomes more concentrated. If the dissolved sub-

stance could undergo a chemical change if heated

too much, vacuum evaporation is used. In this sys-

tem, the pressure above the liquid is reduced. This

lowers the boiling point (see F.VAPORAI'ION).

Drying is often the last stage in the manufactur-

ing of a product. Solids are often dried by blowing

warm air over or through them in special types of
driers. \Tatery mixtures are dried on steam-heated

drums. These drums are constantly revolving. The

watery mixture sticks to the surface of the drum.

The drying takes place as the drum rotates. The

dried mixture is then scraped off. A similar instru-

ment is used in filtration. ln filtration, the drum's

surface has many holes in it and is covered with a

filter cloth. The liquid is sucked through to the

inside of the drum (see FIITER).

Chemical processes include esterification, which

is the formation of a chemicalcompound called an

ester from the reaction of an acid and alcohol (see

ESTER). Hydrolysis, the splitting of a compound

into its parts by adding water, is also used (see

HYDROt.YSIS), Another common chemical process is

polymerization, which involves making larger mol-

ecules out of smaller ones (see pclt-ytr,tlR).

Disposing of wastes is one of the basic problems

in chemical production.'Vastes are often the impu-
rities separated from raw materials, intermediates,

and final products. The United States chemical

industry spends millions of dollars each year to dis-

pose of wastes in ways that do not pollute the air or

bodies of water. However, pollution by chemical

wastes continues to be a problem. The chemical

industry often works with the federal, state, and

local governments to try to solve waste problems
(see POLLU'I'ION; \X/ASTL, DISPOSAL).

The importance of the chemical industry
It is hard to imagine how important the chemical

industry is. In the home, many textiles (woven

materials) are made from synthetic fibers.
Chemical treatments make even natural cotton and

woolen materials almost wrinkle free, water-

CHE

CHEMICAL INDUSTRY-PIanI
Chemical production plants can be huge, with miles of pipes
carrying chemicals between storage tanks and the reaction
vessels where the chemical processes occur.

repellent, and nearly shrinkproof. Refrigerators

cool food by means of synthetic substances that

absorb heat. Many wallpapers and paints are chem-

ically treated so they are washable.

Chemical fertilizers help farmers produce more

abundant crops. Chemical insecticides and herbi-

cides protect crops from pests and diseases.

Chemical feed supplements, which include anti-

biotics and hormones, are used with livestock.

Despite the advantages of such chemicals, however,

they can have harmfui effects on the environment

and on health. Many farmers are using fewer such

chemicals (see,tcntc-uLfURF,; ANTIBIOTI(-; HOR-

MoNE). Another use of chemicals is in hydroponic

farming, in which chemical solutions replace soil
(see HYDRoPONICS).

Almost every industrial manufacturer uses chem-

icals. In many cases, synthetic rubber has replaced

natural rubber. Steel makers us€ oxygen to make

steel and metals for allovs (mixtures of metals).

The industry's contribution in health has been

mainly in the production of various medicinal
drugs. Most medicines are chemical products.
Synthetic vitamins aid in nutrition.

In transportation, the chemical industry pro-
duces alloys that make light and strong materials

used in building trucks, cars, planes, ships, and

trains. Crude petroleum is processed to produce

fuels. The average new automobile has about
309 lb. [140 kgJ of plastic parts that are made from
chemicals.
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The chemical industry plays a key role in national
defense. The industry produces the fuel that pro-
pels rockets, missiles, and airplanes. Chemical
companies make synthetic fluids, such as silicone
lubricants, for high-speed aircraft.

See a/so c.HF.,MISTRY.

CHEMICAL REACTION A chemical reac-

tion happens when elements and compounds
(combinations of elements) rcact together ro pro-
duce different compounds. Food changes in cook-
ing. It also changes when people eat it. These are

examples of chernical changes, or chemical reac-

tions.

Chemical reactions also occur when compounds
break down into simpler compounds or elements.

ln chemical reactions, the atoms of elements
change the ways in which they are joined to each

other. The chemical nature of the substance taking
part in the reaction changes. This change may be

shown by a difference in the substance's appear-

ance. Also, the substance may feel harder or softer.

A chemical change is different from a physical
change. If a change is purely physical, the chemical
nature is not changed. However, in a chemical
change, phvsical changes may also occur (see At'OM;

COMPOUND; EI-EMENT).

There are four main kinds of chemical reacrions.

Combination, also called synthesis, takes place
when rwo or more elements or compounds unite to
form a new compound. For example, hydrogen
(H) and oxygen (O) combine to form water. This
can be written as belcrw:

2H2+ Oz '2H2O

Hydrogen has a strong affinity (attraction) for oxy-

gen. T'herefore, the two easily combine to form
water.

Decomposition means the breaking down of a

compound into two or more simpler compounds

or elements. For example, if mercuric oxide (HgO)
is heated, it decomposes into mercury and oxygen.

A chemist shows this reaction by writing:

Replacement, also called substitution, occurs

when a compound loses some elements but gains

others in their place. A replacement reaction
between zinc (Zn) and sulfuric acid (H2SO+) pro-

duces zinc sulfate (ZnSOa) and hydrogen (Hu).

Zn+H2SO4+ZnSO4*H2o

Beciuse hydrogen is easily replaced in acids by met-

als, zinc and sulfuric acid produce hydrogen. Also,

hydrogen is a gas. It rapidly leaves the test tube or

wherever the reaction is taking place, as is shown by

the upward arrow.

The fourth kind of reaction is called double
decomposition or double replacement. 'I-his hap-

pens when two compounds exchange aroms or
groups of atoms. For example, silver nitrate
(AgNO3) and sodium chloride (NaCl) in solution
form sodium nitrate (NaNO3) and silver chloride
(AgCl).

AgNOj + NaCl ' NaNOt + AgCl-

Silver chloride is formed by double composition
because it does not dissolve. All the othcr com-
pounds are soluble, or dissolvable (see SOI.UTION

AND SOI.UBIT-try). Silver chloride leaves the solution
as a precipitate (substance separated our as a solid),
as is shown by a downward arrow. it takes no fur-
ther part in the l'eaction. Therefore, the reacrion

continues in the same direction.
Not all reactions go completely in one direction.

Often, an equilibrium, or balance, is reached. In
this case, the reacting compounds and the products
are all present in certain proportions (amounts). If
one of the compounds or products is removed, as

happened to silver chloride in the reaction
described, the reaction goes in the direction that
produces more of that substance . This goes on unril
the equilibriun-r is reached again.

Temperature, pressure, and other conditions may

also affect the equilibrium and the direction of a

reaction. In such a case, the reaction is said to be a

reversible reaction. It can be made to go in either
direction, depending on the conditions.
See also CHEMICAL FORMULAS ANI) EQUATIONS.2HgO+heat +2Hg+()2



Chemistry is the science ol the elements. It deals

with the properties and chemical reactions of the

elements and their compounds (combinations of
elements). It also studies the way in which these ele-

ments and compounds can be made (see CHE.N'llc.AL

RTACTION; COMPOLJNI); t-l.F.l\,I F.N'l').

Many materials that we take for granted were first
made by chemists. For example, plastics are chem-

ical compounds that have thousands of different

uses. Many drugs that are now used to fight illness

are made by chemists.

There are several branches of chemistrv. Inorganic

chemistry is the study of elements and compounds

that are found in nonliving material. Organic
chemistry is the study of carbon compounds. Many
of them are found in living things. Physical chem-

istry studies how physical properties, such as heat

and pressure, affect chemical reactions.
Biochemistry studies the chemical makeup and

behavior in living things (see LltclcHtMISTRY; INOR-

GAN]C CHF,MISTRY; OR(IANIC] CHt,MlS I.RY; I)HYSICAI,

CIH Ei\llS'l'RY).

Early history Many years before chemistry
became a science, people knew how to combine
certain substances in order to makc things. For

example, by 2000 B.ct., people of Egvpt made

bronze by melting tin and copper together. They

also made glass jewelry, perfume, and wine. All of
these objects involved the production and control

of chemical changes (see CHLMI(.AL RtAcI-flON).

However, the people did not know why these

changes took place.

The great thinkers, or philosophers, of China,
India, and Greece formed the first theories, or sys-

tems of thought, about chemistry and the nature of
matter. The Shu Ching, a Chinese book writren
about 350 8.c., claimed that all matter was made of
earth, fire, water, metal, and wood. h,mpedocles, a

Greek philosopher, believed there were four main
"elements," namely earth, fi re, water, and air.

Democritus, a leading Greek philosopher, taught
2,300 years ago that all things were made of atoms.

His idea was that atoms were hard pieces of matter

CUEMISTRY

ATCHEMY

The science of chemistry developed out of the ancient
practice of alchemy. Alchemists tried to turn base metals,
such as iron, into gold. They invented apparatus for distilling
liquids and used accurate balances for weighing chemicals.

so tiny they were invisible. This theorv is based

ror-rghly on the same rule as the modern atomic the-

ory of marrer (see Alolr4; DEMOCIRITUS).

Alchemy and Arab chemistry Alchemy was

one of the earliest forms of chemistry. lt combined

science, magic, philosophy, and religion. The
alchemists tried many ways of changing substances

into gold. They also tried to produce a substance

that would give people a long and healthy life or let

them live forever. Alchemists did little to advance an

understanding of nature. However, they did develop

many usefulchemical methods.'l'hey found ways of
making chemical changes in various substances.

Thev improved methods of taking metals from ore

and learned how to make and use various acids.

They also designed laborartory equipment, such as

balances, for weighing chemicals (see ALCHF.MY).

l5r
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Alchemy took place mainly in Alexandria, a

Greek city in Egyp,. In ,c.n. 642, afrcr the Arabs

conquered Egyp,, alchemy spread to Arabia.
Arabian chemists developed a theory that different
metals could be made by combining various
amounts of sulfur and mercury. For centuries, this

thcory was accepted in many other places.

The 1500s During the 1500s, alchemists and

physicians began to use their knowledge of chem-

istry in the treatmenr of disease. Although drugs

had been made and used for centuries, people did
not understand how the drugs worked. The med-

ical chemistry of this period is called iatrochem-
istry. latrochemists were the first to study chemical

effects on the body. Their work sparkcd an inrercst

in the chemistry of the bodv. As scientists began to
learn more about medicine, they lost interest in
many theories of alchemy.

The 1600s The birth of modem chemisrry came

in the 1600s. New theories were developed by sev-

eral scientists. Jan Baptista van Helmont, a Belgian

chemist and phvsician, believed that air and water

were the onlv clcments. In one experiment, he mea-

sured the growth of a tree that he fed only with
water. The experiment led van Helmont to the the-

ory that water was the basic element of all plants.

Van Helmont invented the word gas. He studied

the gases released by burning charcoal.

Robert Boyle, an Irish chemist, is often looked

upon as the last important alchemist and also the

first real chemist. He accepted some of van
Helmont's ideas about gases, especiallv the stud1, of
air. Boyle taught that theories must be supported

bv experiments. By his experiments, he proved that
air, earth, fire, and water were not elements. His

book, The Sbeptical Chemist, did much to mark the

final break between alchemy and chemistry (see

BOYLL,, R()tlL,Rl'; tsOYLl,'S LA\V).

The 1700s During this period, many elements

were discove red. The study of gases led to the dis-

covery of oxvgen. The role of oxvgen in chemical

reactions became the kev to modern chemistry.

The early gas experiments of the 1700s were

based on the theories of Georg Stahl, a German

chemist. Stahl believed that a substance called

phlogiston escaped when a material burned. The

noted chemists Karl Scheele, Joseph Priestley, and

Henry Cavendish accepted the phlogiston theory.

Scheele thought that the heat produced by chemi-

cal reactions was made up of two substances: phlo-

giston and fire air. Fire air was actually oxygen.

Priestley, a British chemist, also produced oxvgen,

calling it dephlogisticated air, meaning "air without
phlogiston" (see ClAVtiN..DlSIl, IlI:NRY; PRIL,S'I LL,Y,

J()SF-PH ; S(.H L.L.L[1, KARL).

Antoinc Lavoisier, a French chemist, offcred a

theory that opposed the theories proposed bv

Scheele, Priestley, and Cavendish. Lavoisier did not

bclieve that phlogiston was released when a mater-

ial burned. He believed that the material combined

with a substance already present in the air (see

CoMIIUSTION). Lavoisier called the substance oxy-

gen. He showed that oxygen combined with metals

to form compounds. By I800, Lavoisier's theories

were widely accepted (see COMI'OUNI); LAVOISIER,

ANTOINF-).

The 1800s During this era, chemists discovered

about half of the more than one hundred known
elements. Sir HLrmphry L)aq., a British chemist,

discovered sodium and potassium by electrolysis

(see l-t.tc't'noLysts). He developed a new theory
that explained the effects of electric current on

chemical compounds (see navv, stR HUMI)HRy).

Chemistry began to be broken down into differ-
ent branches. There were three main ones: inor-
ganic, organic, ancl physical chemistry (see

INOR(]ANIC CHL,MIS I.RY; ORCIANIC C]HL,MIS.I.RY;

PHYSIC]AL C]I]EN{ISTRY).

In 1803, John l)alton, a British chemist, stated

that elements are made r-rp of atoms. These atoms

simply combine to form compounds. 'l'his was an

important step forward in understanding chemical

reactions. However, it was still very difficult to
assign correct formulas to compou.nds (see c.HF.N{l-

CAL FORMULAS ANI) L,C]UAI.IT]NS; DALI.ON, IOHN).
By 1826, Jcins Berzelius, a Swedish chemist,

made up a table of atomic weights that was fairly
accurate. However. Berzeiius and other chemists



could not agree on various results in figuring out

atomic weights. Atomic weight is now known as

relative atomic mass (see BF,R7-ELIUS, IONS JAKOB;

RL,LATIVE ATOMIC MASS).

In 1860, Cannrzzaro, an Italian chemist, brought

out the work ol an earlier scientist, Amedeo
Avogadro. In 181 1, Avogadro had suggested that

equal volumes of gases at the same temperature and

pressure contain an equal number of molecules.

Cannizzaro showed how Avogadro's theory could

be used in measuring atomic weights (now called

relative atomic mass). The theory proved the accu-

racy of the weights measured by Berzelius. Correct

tables of atomic weights (now called relative atomic

mass) and molecular weights (relative molecular

CHEMISTRY

COMPUTERS

Computers programmed
with data about complex
molecules can produce
pictures showing how
atoms are arranged in the
molecules (above).
Chemists use this
information to produce
chemicals, such as
medicines, with molecules
that are just the right size
and shape.

DISPENSING LIQUIDS

These chemists, working at
a laboratory bench, are
using a pipette (left). This is

a device that dispenses a

known volume of liquid.
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CONTROLLED BOILING
Chemists often use
distillation to separate and
purify liquids (right). The
liquid is carefully heated
until it boils. Then the vapor
is cooled in a condenser so
that it turns back into pure
liquid.

MAKING NE$/ DRUGS

Most drugs are organic
chemicals-that is,
compounds of the element
carbon. They are usually
made in a series of
reactions, one step at a

time. A chemist (below)
checks the apparatus that
maintains quality control of
a pharmaceutical product.

mass) could now bc drawn up (see AVOGADRO,

AMEDEO). In 1869, Dmitri Mendeleev, a Russian

chemist, introduced the first periodic table of the
elements by arranging, according ro aromic weight,
all the elements that were known then (see nt.n-

MF,NT; MENI)F-l.EEV, DMI'I'RI).

Physical chemistry rapidly advanced in the 1800s.

Thomas Graham, a Scottish chemist, proposed a

law that became known as Graham's law of difFu-

sion. It explains how nvo gases mix rogether. He also

worked with colloids (see cctLLotI); DTFFUSToN).

ln the 1870s Josiah 
\Willard Gibbs, an American

physicist, developed the phase rule, which concerns

.trf
1.

\r'E

the coexistence of phases, or temporary forms, of
matter. The three phases are solid, liquid, and gas.

For example, water, which is normally a liquid, can

be made to form steam, which is a gas. \farer can

also be frozen to form ice, a solid. Larer on,
Wilhelm Ostwald, a German chemist, suggested

the theory of ions (see IONS AND IONIZAT'ION).

The chemical industry began to develop during
the 1800s. New artificial drugs, fertilizers, and dyes

were manuFactured. Germany led the world in the

chemical industry. The development there of syn-

thetic rubber in the 1900s was the beginning of the

enormous industry of manufacturing plastics (see

clH F,MICAL rN l)USTRY).

The 1900s In 1911, Ernest Rutherford, a British
physicist, proposed a new theory of atomic struc-
ture. Rutherford thought that the atom had a

nucleus with a positive electric charge . This nucleus

was surrounded by electrons carrying a negative

electric charge. Other physicists developed this idea

further, discovering prorons and neutrons (see

RU'I'HL,RFORD, ERNEST).

In 1916, Gilbert N. Lewis, an American chemist,
explained the action of electrons in chemical



bonds, which are forces that hold atoms together.

In 1934, Frede ric and lrene Joliot-Curie discovered

that artificial radioactivity could be produced. This

was done by bombarding various elements with
alpha particles (see CUI{lF. FAMII-Y; RAI)IOAC'fIVITY).

By the 1930s, scientists knew how to produce

INSOLUBLE PRODUCT

Some chemicals are made
by a precipitation reaction.
A colorless solution of
potassium iodide is added
to a colorless solution of
lead nitrate (above). The
bright yellow precipitate is

the insoluble salt lead
iodide, which is used in
photog ra phy.

CRIME DETECTION
Forensic chemists help
solve crimes by analyzing
samples and items from the
scene. Scientists atthe FBI
laboratory in Washington,
D.C., examine a handgun for
traces of blood (right).

CHEMISTRY

energy by splitting the nucleus of the uranium
atom. After 1940, chemists and physicists were able

to produce new arrificial elements by nuclear reac-

tions. A dozen new elements have been for-rr"rd this

way. Glenn T. Seaborg has been one of the leading

United States scientists in this field (see IS()-rolL,;

ShABORG, Ct-ENN'I'HEODORF,;'I'RANSURA.NIC El.F.-

N,IF,N'I').

During the 1950s, scientists took major steps in

biochemistry. James \(/atson, an American bio-
chemist, and Francis Crick, a British biologist, crc-

ated a model of the structure of a DNA molecule
(see IIICICHEMISTRY; C]RICK, FR,ANCIS HARRY COMP-

lON; \X/ATSON, IAMES DE\flEY). Crick and 'Watson
used the measurements done by Maurice Wilkins,
a British biophysicist. In I 962, the three men

shared a Nobel Prize. Biochemists have since

learned how DNA and RNA affect hereditv (see

l)NA; RNA).

During recent years, chemists in the United
States have developed special devices for exploring

space. Many of these devices were designed to ana-

lyze the soil on the moon. Others are designed to

look for chemical signs of life on different planets,

especially Mars.

See also PHYSICSi SCIENCt.
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CHERNOBYL (ch0r no'bl) Chernobyl (also

Chornobyl), a city in north central Ukraine in the
former Soviet Union, was rhe site of a nuclear power
plant accident in 1986 (see NucLr.aR ENERcly). The
accident, called a "meltdown," occurred in the part
of the nuclear plant called the nuclear reactor. It is

recognized as one of the world's worsr nuclear dis-

asters. In a meltclown, rhe coolant in the reactor fails

to cool the core, which it surrounds. The core con-
tains the nuclear fuel and is extremely hot. If not
cooled, the core melts and can release dangerous
amounts of radiation (see I{ADIOACt'tVrTy). Ar
Chemobyl, explosions in the reacror flung radioac-
tive dust into the atmosphere. The dust clung to
leaves and grass and settled in soil and water. The
dust was inhaled by people and animals.

It is believed that the accident at Chernobyl was

caused by design flaws present in the nuclear plant
and by violations of safety rules. Initial reports
claimed that the accident killed seven firefighters,
who were trying to control the fire that started
from the extreme heat, and twenty-four plant
workers. But some nuclear experts report that
10,000 deaths may have been linked to the acci-
dent. Many plant workers were hospitalized, and
people from Chernobyl and neighboring commu,
nities had to be quickly evacuated. Many had severe

cases ofradiation sickness. In severe cases ofradia-
tion sickness, the skin is burned, the bodyt ability
to fight infection is weakened, and death may
result. The long-term effects of the disaster may nor
be evident for many years. However, some animals
affected bv the disaster have already given birth to
young that are deformed. Also, the land around
Chernobyl is contaminated and can no longer be

farmed.

The power plant is still producing nuclear energy
today despite plans to close the plant down due to
safety concerns. Measures to clean up the site have

cost an estimared $t billion.
\Testern nations have agreed to give $800 million

to the Ukraine to help with the cosr of closing
Chernobyl's remaining reacrors safely.

CHERRYThe cherry is a tree thar belongs ro the
rose family, Rosaceae (see ROSF, FAMILy). The cherry

tree produccs small, round fruit about the size of a

marble. The fruit has a single stony pit and is

related to the plum, peach, and apricot. There are

many varieties of cherries, but the ones people usu-

ally grow in gardens and orchards are rhe sour red

cherries or the sweet black ones.

The sour cherry rrees are cultivated mosrly in the

eastern part of the United States. 'fhe fruit is used

for making pies, puddings, and other types of
cooked food. The sweer cherries grown in the
United States come from the Pacific Northwest.
Such cherries are often earen raw. Both kinds of
cherries can be easilv preserved and shipped.

In North America, the wild black cherry tree

grows in southern Canada and in the northern,
western, and southern regions of the United States.

It is the main lumber tre€ of the cherry family,
growing from 30 to 60 ft. 19 to 18 ml in height.
The fine-grained wood is used for making furniture.
Some medicines are made from its bark and roots.

The flowering Japanese cherry trees are popular
ornamentals. Species have been cultivated for their
white and pink flowers. In 1912, the mayor of
Tokyo, Japan, presented three thousand of these

trees to the United States. They were planted
around the Tidal Basin and in Potomac Park, in
tJTashington, f).C., where they are visited by many
tourists when they bloom in the spring.

CHERRY

The 0kame cherry is a very popular ornamental uunety,
grown for its clusters of double pink flowers. The ornamental
cherries do not normally produce fruit.

356



CHESTNUT fhe chestnut is a tree that belongs

to the family Fagaceae. It bears a nut of the same

name. 'l'here are several dilferent kinds of chestnuts

in North America and Europe.

The American chestnut was once one of the most

abundant and one ofthe largest trees in the eastern

United States. It was a valuable tree. The wood was

used for building, and for telephone poles, railroad

ties, and charcoal. The delicious nuts were eaten by

people and wildlife. In 1910, a disease was brought

to New York Citv on Chinese chestnut trees

imported from Asia. -I'he 
disease, the chestnut

blight, killed almost everv American chestnut
within five years. American chestnut trees are able

to grow new sprouts from their roots. Tiees whose

trunks have been deacl nearly seventy years still

grow shoots. When the shoots get old enough to

form bark, the blight kills them. Scientists are

working on a cure for the blight so that the
American chestnut can be saved from extinction.

See also Nul.

CHESTNUT

The sweet chestnut of Europe, also called Spanish chestnut,
has catkinlike flowers and nuts in prickly seedcases.

CHICKEN POX Chicken pox is a common

infectious disease of childhood. Usually, children

between the ages of five and nine are affected,

though the disease is common between the ages of
one and fourteen. Adults rarely are affected.

Chicken pox is caused by a virus, which is an

organism that is so small that it cannot be seen

under an ordinary microscope. The disease can

spread easily because the virus can be carried by

droplets in the air.'fhe virus is one of a group that

causes the blisters known as herpes. ln older adults,

it may reappear as a painful skin disease called shin-

gles (see HL,RPES; vtRUS).

Two to three weeks after a child has been around

other children with chicken pox and has been

infected, small red spots may show up on his or her

skin. These spots look like blisters on a red base and

are filled with a clear fluid. Often, the blisters are

very itchy. At this time, the disease can be spread

most easily because the viruses are in the fluid. If
the child scratches a blister or breaks it accidentally,

he or she can release the virus and infect other

children.
\With chicken pox, an otherwise healthy child

usually will not become very sick, though he or she

may feel very uncomfortable. He or she may have a

low-grade fever, with a temperature rarely above

102'F [38.9'C]. The child may be tired and lose

his or her appetite.

Chicken pox does not last very long. After four or

five days, the blisters dry up, and small scabs are

formed. J'hese scabs should not be scratched or else

the1. may bccome infected.

A person seldom has chicken pox more than

once. Because the disease is so mild in children, and

so contagious, doctors make no effort to prevent

children from catching it. Chicken pox can be very

serious in adults or in people of any age with can-

cer or other diseases of their in-rmune system.

CHICKSflEED Chlckweed is the name given to

any ofseveral species ofannual or perennial weeds

belonging to the pink family (see aNNu,tl. I']LAN'f;

PERF.NNIAL PLANT; PINK FAMILY; \(r[,ED). Chickweed

is found throughout North America, Eu.rope, and

Asia. Chickweed grows close to the ground and has

weak, branched stems with small, oval leaves. The

small white flowers bloom year-round in mild cli-

mates and may even bloom under the snow in

cooler regions.

Chickweed spreads quickly and often invades
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cultivatcd lawns and fields. Many generations of
chickweed mav be produced in a single season.

Chickweed seeds become sticky when wer and
are often carried on the fur of animals or rhe
feathers of birds (see DISI,L,RSION- OF pLAN'rS).

Chickweed is also called srarworr, tongue grass,

and winterweed.

CHICKITEED
The greater water chickweed is an aquatic ptaniif'at grows
in the shallow waters of ponds and slow-flowing rivers.

CHICORY Chicory is a small, perennial plant of
the composite family (see ciOMpOSt'fE FAMTLy;

PFRLNNtAi. PLAN'I'). Chicory grows wild throughout
North America, Europe, and Asia and is cultivated
in the United States and southern Canada. The
chicory plant has many branches growing from a

stiff, hairy stem, which itself grows to be 3 to 5 ft.
[0.9 to 1.5 m] long. The leaves, which are about 1.5

in. [3.8 cm] across, are lobed and look like those of
the dandelion plant. Although the small flowers
may be white or pink, they are usually bright blue.
There are relatively few flowers on each plant.

The chicory's tap root is long and filled with
stored food (see ROOT). The root is often dried,
ground, and mixed with coffee to produce a bever-
age that is darker and richer than coffee. Some peo-
ple prefer to use pure chicory roor as a substitute for
coffee.

In addition to the roors, many people eat
blanched chicory leaves in salad. The leaves blanch,

or turn white, if the plant is grown in darkness.

Many farmers grow chicory as a pasrure food for
cattle. Chicory is sometimes called succory.

CHILDBIRTH Childbirth is the process by
which a human baby is born. The baby develops
from an embryo to a fetus in the mother's uterus.
The uterus is a hollow, muscular organ inside the

abdomen of a female. It usually takes about nine
months for a baby to fully develop. Afrer r-rine

months, hormones in the mother cause muscles in
her uterus and abdomen to push the baby out of
the uterus into the vagina, or birth canal (see uoR-
MONE). These muscle conrracrions are called labor.
The mother also pushes with her abdominal mus-
cles. The baby leaves the mother's body through the
vagina. During the first pregnancy, labor can last as

long as thirteen hours or more. Later pregnancies
usually have shorter labor.

After the baby is born, one of the first things the

doctor does is cut the umbilical cord on the baby's

abdomen. The umbilical cord connecrs the baby to
the mother's uterus via the placenta (or afterbirth),
which is pushed out of the uterus after the baby is

born. The placenta and umbilical cord carried oxy-
gen and food from the mother to the baby before
the baby was born. \Tasres also were passed from
the baby to rhe morher through the umbilical cord
and placenta.

See AIso t,MBRYO; PREGNANCY; REPRODUCTIoN;

REPRODUCTIVT, SYSTE,M; UMBILICAL CORDi U].E,RUS.

CHIMPANZEE The chimpanzee is the ape

with a body and a brain most like those of human
beings. The chimpanzee is the most widespread of
the anthropoids and the one that has received the
most medical and psychological study (see

ANTHROPOID; APL,; PRIMATE). A male chimpanzee
may grow to be about 5.5 ft. [1 .7 m] tall and weigh
about 17 5 lb. 17 9 kg). The female is usually shorter
and lighter. Chimpanzees have long, dark brown or
black hair; large ears; long hands; and, like all apes,

no tail. Their feet have thumblike big toes, which
aid in climbing trees.

The chimpanzee rarely stands upright. It spends

much of its time in trees, where it makes a new nesr
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CHIMPANZEE

Chimpanzees are very popular zoo animals, especially
because 0f their wide range of facial expressions. The

drawings show a chimpanzee with several different
expressions: (1 ) a playful face; (2) begging for food; (3) an

angryface; (4) a frightened face; (5) a resigned, or "l give

up," face; and (6) an anxious face.

every night. Chimpanzces live in a family group

with one male, several females, and the young.

Chimpanzees communicate with each other by

means of vocal sounds and body gestures. Their

laces show a range olemotions. Chimpanzees show

their affection by kissing and hugging or by gently

touching each other's bodies. They are rarely

aggressive. The adults spend at least an hour a dav

grooming each other. Chimpanzees look for food

during the day and sleep at night. Although thev

usually eat fruits and plants, they also eat insecrs

and other small animals.

The female starts mating when she is elevcn or

twclve years old. After an eight-month pregr-rancv,

the mother gives birth to one babl'. Twins are rare.

The mother takes care of the babv untii it is old

enough to fend for itself (six to seven vcars).

Chimpanzees in the wild live to be about fortv

years old.

Chimpanzees are thc most intclligent of thc apes.

Their brain size and structure are similar to those of
human beings. Chimpanzees can inrirate behavior

and have been taught to do various tasks. More

importantlv, however, chimpanz-ees show an abiiitv

to solve problems. 'fhev will make tools to help

solve these problems. They have been observed

putting sticks together or stacking boxes to reach

food. They have a good memory and will remem-

ber people or tasks lor years.

In the mid-1900s, scientists tried to teach chim-

panzees to speak English. Chimpanzees do not

have tl're proper vocal structures to make human

sounds, and the experiment failed. However, chim-

panzees have been taught sign language. One chim-

panzce even invented new words, such as urtter

bird for duck.
See a/so (;OOI)ALL, JANF..

CHINCHILLA (chin chil'a) The chinchilla is a

rodent native to the Andes Mountains of South

CHINCHILLA
Chinchillas are sometimes kept as pets, although they do not
like being handled very much.
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America. It grows to about 12 in. [30 cm] long and
weighs 18 to 28 oz. [500 to 800 gJ. Related ro rhe

guinea pig, the chinchilla has long hind legs and a

bushy tail about half as long as its body. The chin-
chilla sleeps in its burrow during the day and comes

out at night to feed on roors and grasses.
Chinchillas are hunted for their thick, blue gray
fur, which is used to make fur coats. They are also

raised on farms, or chinchilla ranches, for their fur.
The first chinchillas were brought to California
from Chile in 1923. Today, rhere are chinchilla
farms in the United States and Canada.

See also curNtA Prc; RoDL,NT.

CHIP
Chips are made in a wide range of shapes and sizes. Many of
them have metal contacts along two sides. These c0ntacts
link the chip to the rest of the circuit. The simplest chips may
contain only a handful of components. The most complex
chips contain hundreds of thousands of components.

CHIP Chip is a term used in electronics to refer to
a small wafer of silicon that contains many elec-

tronic componenrs. Some chips are so small that
they are able to pass through the eye of a sewing
needle (see ELEC'I'RONICS; SILICON).

Early digital compurers used vacuum tubes
instead of chips (see CCttl.tt,UTER; VACUUM TUBE).

The tubes controlled the flow of electrons used to
process information. To perform different com-
puter operations, the tubes had to be physically
rewired like an old wire-and-plug telephone
switchboard. Rewiring could take several days. In
the late 1940s, scientists invented a small

"sandwich" of semiconducting materials (mostly

crystals of germanium) called a rransisror. Silicon
crystals were later used in transistors. Tiansistors
replaced vacuum tubes in compurers because they
were smaller, worked fasrer, and had fewer failures
(See GERMAN]UM; SEMICONDUCTOR; TRANSISTOR).

The first compurers built with transisrors were

made like early radios, with a tangle of wires con-

necting the different components ro form elec-

tronic circuits. Soon electronics manufacturers
began "printing" the circuit wiring directly onro a

board. The transistor and the miniaturized, board-

printed circuit made it possible to reduce the size of
a computer significantly. Eventually, researchers

found that any number of transistors (along with
the connections between them) could be etched

onto one chip the size of a pea. These chips con-

tained the electronic components needed for oper-

ating the computer.

Then, in the early 1970s, a major breakthrough
occurred. A complex chip, called a microprocessor,

was designed that would act as the entire central
processing unit of a computer. A microprocessor
can be thought of as a "computer on a chip."
Today's microprocessors contain thousands of
components on a chip smaller than a fingernail.

Microprocessors have led to the development of
advanced medical equipment, compurer-based
video games, electronic music sysrems, pocket-
sized calculators, and personal computers.
See also CAI.CULAI'OR; INTEGMTF.,D CIRCUIT.

CHIPMUNKThe chipmunk is a small, reddish
brown rodent with black-and-white stripes on its
face, back, and sides. Belonging to the family

CHIPMUNK
Chipmunks carry food back to their burrows in cheek
pouches that open into their mouths.
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Sciuridae , it is a close relative of the squirrel and the

groundhog. The chipmunk has strong hind legs.

Although it sometimes climbs trees, the chipmunk
spends most of its time in its burrow or on the

ground in search of food. It fceds mainly on nuts

and fruits and stores its food in its burrow. The

chipmunk sleeps through much of the winter.
Chipmunks are native to Asia and North America.

There are more than a dozen species of chipmunks
found in the United States, all of which are about B

in. [20 cm] long.

See a/so C;ROUNDHOG; RODFNT; SQUIRREL.

CHIROPRACTIC (ki'ra prlk'tik) Chiroprac-

tic is a science based on the theory that health and

disease are related to the function of the nervous

system. The theory is that irritation of the nervous

system causes disease, and the maintenance of
health depends on its normal function.

Chiropractors practice chiropractic by moving
joints, usually the spine, to stimulate the nervous

CHIROPRACTIC

A chiropractor uses chiropractic to move (manipulate) a

patient's spine between the shoulder blades. Chiropractors
usually manipulate the spine because of its importance in the
body's nervous system and because many people suffer from
backache.

system and restore normal function (see jcltN't.) .

Chiropractic can help treat many conditions, such

as backache, headache, dizziness, and asthma.

Chiropractors are trained not only to find and treat

these conditions, but also to tell them from diseases

that would be better treated by other medical

methods.

Chiropractic is a relatively new science. It began

in the United States in 1895, but chiropractors
were not given a legal right to practice throughout

the U.S. until I974. Today chiropractic is recog-

nized as having a role in the treatment of many dis-

orders. Chiropractors often work alongside
medical doctors.

CHITIN (kit'n) Chitin is the rigid material that

forms most of the exoskeleton, or outer covering,

of insects and other arthropods. The molecules of
chitin contain nitrogen, carbon, hydrogen, and

oxygen. These molecules are arranged in long
chains, which in turn are grouped into fibers.

Chitin is secreted by underlying cells in the body

of the animal. It is often combined with chalky

materials, which increase its toughness. In most

crustaceans, such as crabs and lobsters, the
chitin becomes impregnated with calcium carbon-

ate and the animals' shells are thick and strong.

Most insects, such as flies and moths, have thin
coats of chitin. \With the exception of its nirrogcn

content, chitin is similar to the cellulose of
plant cells.

See AIso ARTHROPOI)A; CELLULOSE; CRUSTACIE,AN;

SKELETON.

CHITIN
Beetles, such as this
furniture beetle, have tough
wing cases, or elytra, that
protectthe delicate
hindwings beneath them.
The elytra get their strength
from chltin.

&
n
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CHITON (ktt'n) The chiton is a mollusk of the burns easily, they can cause an cxplosion. This is

class Amphineura (see l,tctt.t.usca). Its shell is often
brighdy colored and consists of eight overlapping

plates. With a muscular foot like that of the snail,

the chiton holds onto rocks of the seacoast. It feeds

on algae, which it scrapes from the surface of rocks.

Although chitons are fbund along various rocky
coasts of North America, they are most abundant
and varied on the shores of California. Most chi-
tons are I to 2 in. 12.5 to 5 cm] long, but a large

species of the Pacific coast grows to a length of
12 in. [30.5 cm].

CHITON
Chitons are often called coat-of-mail shells because of the
way in which their shell plates overlap.

CHLORATE (klor'ar) A chlorate is a compound
(combination of elements) of one or more metals,

chlorine, and oxygen. The -ate ending on a com-

pound indicates that it contains three or more ele-

ments (see ELEul,N'r'). Chlorates are dangerous

chemicals. If they are mixed with something that

CHLORATE

Potassium chlorate is the source of oxygen that makes match
heads burst into flame when a match is struck.

because chlorates contain so much oxygen.
Potassium chlorate is used to make explosives,

matches, and fireworks. Sodium chlorate is u.sed as

a weedkiller.

CHLORDANE Chlordane is an insccticide
containing chlorine, carbon, and hydrogen. It is a

colorless liquid that does not dissolve in water.

Most uses of chlordane have been banned by the

United States government because the chemical

may cause cancer.

CHLORIDEA chloride is a compound (combi-

nation of elements) that contains chlorine and

another elemcnt, often a metal. The -ide ending
indicates that the compound contains only two

elements (see EI-EN.lFlNl-). The most common
chloride is sodium chloride, which is ordinary
table salt. Another important chloride is silver

chloride, which is sensitive to light and is used in

photography.

CHLORINE (klor'en') Chlorine (Cl) is a poiso-

nous, yellow green gas with a strong, choking odor

that nevertheless has many uses. Chlorine belongs

to the halogen family of chemical elements (see

ELEM|,N1'; HALOGEN). ln 1774, Karl Scheele, a

Swedish chemist, discovered chlorine by treating
hydrochloric acid with manganese dioxide. In
1810, Sir Humphry Davy, a British chemist,
showed that chlorine was an element (see DA\.Y, stR

HUMPHRY; SCHEELE,, K{RL \(/ILHELM).

Chlorine is found in nature only in com-
pounds-that is, with other elements. Chlorine
does not exist alone in nature. The most common
chlorine compound, sodium chloride (ordinary
table salt), is found in oceans, salt lakes, and rock

salt (see CHLORIDE). Chlorine can also combine
with organic (carbon-containing) radicals (see RA.D-

tC,{.). Chlorine is manufactured by passing an elec-

tric current through a water solution of sodium
chloride (see ELEC'I-ROLYSIs).

Chlorine is a bleach and is present in bleaching

powders and fluids. Chlorine is often used to purify
water. It is also uscd to kill bacteria in waste
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material and to make insect and weed killers.
Chlorine is used to process certain foods. It is also

used in the manufacture of drugs, dyes, metals, and

plastics. Chlorine has been used to produce various

types of industrial chemicals, such as chlorofluoro-
carbons (see CHLOROFLUOROCARBON).

One of the most useful chlorine compounds is

hydrochloric acid, which is used in dyeing
processes and in cleaning metal. Another com-
pound, chloroform, is a solvent (substance that can

dissolve other substances) and an anesthetic (sub-

stance that causes loss of feeling). Chlorine is used

in manufacturing chlorinated compounds that are

used in pulp bleaching and textile processing.

Polryinyl chloride , or PVC, is a well-known plastic.

Chlorine's atomic number is 17. It has a relative

atomic mass of 35.45. Chlorine melts at -149.7"F

[-100.98"C] and boils at -30.2"F l-34.6"C).
See also CHLORATE.

CHLOROFLUOROCARBON (kl6r'o fl o-or'

o kdr'ban) Chlorofluorocarbons are synthetic, or
human-made, chemicals made of the elements

chlorine, fluorine, and carbon. Commonly called

CFCs, the chemicals were developed in the 1930s.

CFCs have since been shown to be a serious envi-

ronmental hazard. The U.S. government has

ordered that CFCs be phased out by 1996.
European countries ended their use of CFCs in
1995.

Freons are a group of CFCs used as refrigerants in
air conditioners and refrigerators. They once were

used to make plastic foams. Freons also were used

as propellants in aerosol cans until such use in the

United States was banned in I97B (see AERosoL).

CFCs escape into the air when products contain-
ing them are used. CFCs then drift many miles

above the earth's surface into the upper stratosphere

(see AI-MOSI,HIRL,). There, CFC molecules are bro-
ken apart by the sun's ultraviolet rays. The chlorine
atoms that are freed destroy the ozone layer (see

OZONE I.AYER). In a single year, one chlorine atom

can destroy a hundred thousand or more ozone

molecules. The ozone layer protects plants and ani-
mals from the harmful effects of the sun's ultravio-
let rays. Without that protection, for example,

humans are at greater risk of developing skin can-

cer. Studies have also shown that increased ultra-
violet rays may damage many forms of life, altering
the fragile food chain.

CHLOROFORM Chloroform (CHCI3) is a

colorless liquid with a strong, sweet smell.
Chloroform is used in the manufacture of chloro-
fl uorocarbons (see CHLORINE; CHI.OROFLUOROCAR-

BoN). Chloroform is also used as an industrial
solvent (substance that dissolves other substances),

such as in the manufacture of antibiotic drugs,

dyes, and pesticides. Because chloroform has anes-

thetic properties, it was once commonly used to
deaden pain. Other anesthetics have now replaced

chloroform. tJThen used as an anesthetic, chloro-
form was found to have harmful effects on the

hearr, liver, and kidneys (see RNnstHETIC).

In 1976, the United States Food and Drug
Administration (FDA) banned the use of chloro-
form in drugs and cosmetics. The FDA did this

because tests showed that the compound could
cause cancer in laboratory animals. Chemically
known as trichloromethane, chloroform freezes at

-83.2"F l-64"C) and boils at 143.6F l62"Cl.

CHLOROPHYLL Chlorophyll is a green pig-
ment found in plants, algae, and some bacteria. In
plants, it is usually concentrated in the cells of the

CHLOROPHYLL-Concentration
Most of a plant's chlorophyll is c0ncentrated in its leaves.
The leaves are arranged so that they can get the most
sunlight to ma ke the most food.
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leaves. Chlorophyll is needed so the plant can make

food by photosynrhesis (see pHo'rosyNTnESIS).

Chlorophyll is contained in small, flattened bodies

called chloroplasts. Certain plant cells may contain
from one to several hundred chloroplasts.

Chlorophyll contains the elements carbon,
hydrogen, oxygen, nitrogen, and magnesium.
There are several forms of chlorophyll, the most

common of which are chlorophyll a and chloro-
phyll b.

If a plant is kept out of the light, much of the

chlorophyll breaks down. 'fhe leaves turn from
green to yellow and photosynthesis stops. if the

plant is kept in the dark lor several weeks, it will
die, having starved to death.

See ako Al.cAE; BACTERIA; CHLOROPLAST; PI.ANT

KTNCDON{. tTRojEeTZ8

CHLOROPLAST Chloroplasts are organelles,

or tiny structures, that are part of living plant cells.

Chloroplasts contain chlorophyll and other sub-

stances that allow the plants to carry on photosyn-
thesis to make their food (see CHLOROI,HYLL;

ORGANtLLt ; PHO'1'OSYN'I'H ESIS).

Chloroplasts are usually located in a plant's
leaves. The chlorophyll that chloroplasts contain is

what gives leaves their green color. Chloroplasts are

also found in the green stems of some kinds of
plants, such as cacti. Each plant ceil may contain
an)'rvhere flom one to hundreds of chloroplasts.

See dko CHR()MOPLASI'.

Breaking dowl
ln the fall, the leaves of
many deciduous trees
change from green to
brilliant red and gold. This
change happens because
the chlorophyll breaks
down and all usefulfood
material is taken back into
the twigs. The red and
yellow pigments have been
in the leaves allthe time,
butthey do not show up
until the chlorophyll has
gone. These pigments are
not needed by the tree and
remain in the falling leaves,

CHOLERA Cholera is a very contagious intesti-

nal disease that causes massivc, wately diarrhea,
resulting in rapid loss of body fluids and salts. If
untreated, cholera may result in dchydration,
shock, and death. It is caused by a bacte riu m, Vibrio

cho/erae, that produces a toxin (poison) that acts in

the intestines. The bacteria are most oftcr"r spread

by contaminated food and water, or sometimes bv

contact with an infected person who is involved in
preparing food. Cholera is common in India and

other Asian countries where there are unsanitary

conditions. Every year, cholera kills many people in

India. Children aged one to five years are more sus-

ceptible to the disease than adults in these areas.

But when an area that does not r-rsually have cholera

experiences an epidemic (a widespread outbreak ol
disease), usually due to contaminated water, chil-
dren and adults are affected equally.

Cholera symptoms last from two to seven days.

Antibiotics can reduce the severity of the disease by

helping the body's natural defenses kill the bacteria
(see ANTIBI(lrlc). The patient must receive rehydra-

tion therapy, involving special salt and sugar solu-

tions taken by mouth or through the veins if the

patient is too ill to drir-rk. This is necessary to replace

lost body flLrids and prevent dehydration.'I'here is a

cholera vaccine that produces short-term immuniry
against the disease but will not prevent it from
spreading (see tvttrtuNrrv). So vaccination against

cholera is not recommended for travelers. The only
good prevention against cholera is careful hygiene.
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CHOLESTEROL (ka lEs'ta 16l') Cholesterol is

a fatty substance made in the bodies of human
beings and other animals. Cholesterol is found in
the blood, tissues, and organs, parricularly the
brain, liver, and arteries.

Deposits of cholesterol and other substances may
form on thc inside walls of the arteries, causing
them to roughen, harden, and narrow, allowing less

blood to flow. This condition is called atheroscle-
rosis, a form of arteriosclerosis. The deposits, called
plaques, may become the site of blood clot forma-
tion. lf this occurs in a coronary arrery (an artery
that supplies blood to the heart), the result can be

a heart attack (se e AR't'E,RIOSCLEROSISi HTART

DISI.,ASE).

Cholesterol is used bv the body to produce sev-

eral of the chemicals known as hormones.
Cholesterol is also used to produce bile salts used in
digestion. Deposits of hardened cholesterol in the
bile, however, may settle in the gallbladder as gall-
stones (see cAl.l.BLADt)ER).

Although the body produces its own cholesterol,
people also take in cholesterol when they eat animal
foods, such as mear, eggs, and dairy products. High
intakes of cholesterol may raise the blood choles-

terol level and thus increase the risk of heart disease.

The relationship between cholesterol in the
blood and heart discase is dependent on how the
cholesterol trave ls throughout the body.

Cholesterol musr be combined with protein to be

soluble (dissolvable) in blood. This combination is

called a lipoprotein. Lipoproteins are classified by
their density, which is determined by the ratio of
protein to cholesterol and other fats. For reasons

that are not fully understood, cholesrerol that trav-
els throughout the body as low-density lipoproteins
(I-DL) increases the risk of heart disease; and cho-
lesterol that travels as high-densitv lipoprorcins
(HDL) lowers the risk of heart disease.

Exercise, weight loss, and reducing one's inrake
of cholesterol and saturated fats in food help
increase the concenrration of high-densitv lip-
poproteins.

See also DlL,-f; FAl.

CHORDAIA Chordata is a phylum of the ani-
mal kingclom (see pFryLUM AND suBpHyluM). Ir
includes amphibians, birds, fish, lancelers, mam-
mals, and reptiles. All chordates have three features

sometime during their lives: a norochord (a hard
but bendable rod of cartilage extending along the
body), a hollow nerve tube that runs above the
notochord, and gill slits (see CARTII-AciL,; CrLLS;

NO'IOCHORII). These features are presenr only in
the embryo of some chordates (see EMBRyo).
Humans are chordates, bur the gill slits and noto-
chord disappear before they are born. Gill slits
develop into gills in fishes and some amphibians.

CHORDATA
These small sea squirts look
like bags of jelly, with no
sign of a skeleton. But they
are chordates. They have
simple gill slits, through
which they f ilter food as
well as oxygen. Their young
stages are tadpolelike
creatures with a stiff
notochord in their tails.
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CHROMATOGRAPHY (kro'ma tdg'ra fe)

Chromatography is a way of separating and identi-
fying the various substances in a mixture. This
method may be done in several ways.

Paper chromatography, sometimes called adsorp-

tion chromatography, is based on the fact that
porous paper adsorbs different substances to differ-
ent extremes (see RBSORPTION AND ADSORPTION).

The mixture to be studied is first dissolved in a liq-
uid. A small drop of the solution is then placed

about 0.4 in. [1 cm] from the edge of a strip of
paper, such as filter paper. After the solution dries,

the paper, with the sample spot ar the bottom, is

hung vertically in a glass vessel. In this posirion,
the lower edge of the paper strip makes contact
with a layer of solvent in the vessel. The solvent

rises among the fibers of the paper by capillary
action. In doing this, the solvent carries the various

substances in the sample spot to different heights

on the paper strip, thereby separating the sub-

stances (see CAI'ILI-ARY ACTION; SOLUf iON ANt)

SOI-UBII,ITY).

Substances that were strongly adsorbed by the

paper, and mix only slightly in the solvenr, rise a

short distance. Substances that were not strongly

adsorbed by the paper, and dissolve easily in the sol-

vent, are carried to higher levels. If the substances

in the original mixture were colored, a group of
colored spots can be seen berween the position of
the sample spot and the top of the paper strip. Each

spot contains one of the substances in the original

mixture. The paper strip is now called a chro-
matogram. It is removed from the glass vessel and

dried. Certain substances can often be identified by

the heights they reach on the chromatogram. To be

accurate, it is necessary to perform the chromatog-

raphy under certain strict conditions. This means

using a standard type of paper and solvents. The

substances in each spot can be removed from the

paper by treatment with a certain solvent. This
process is called elution. Once a solution of the

purified substance has been obtained, it can be

identified by chemical tests.

Chromatography can also be used to separate and

identify mixtures of colorless substances. In order

to do this, the chromatogram is sprayed with cer-

tain chemicals. The chemicals react with the sub-

stances to be studie d, producing colored
compounds.

Thin-layer chromatography is almost the same

process as paper chromatography. In thin-layer
chromatography, the paper is replaced by a sheet of
glass on which a thin layer of an absorbent sub-

stance-such as silica gel-has been placed.

In adsorption chromatography, as described
before, the adsorbent material, such as the paper, is

often called the stationary phase. The solvent is

called the moving phase. In partition chromatogra-

phy, both the moving phase and the stationary
phase are liquid. The stationary phase is often held

by a sheet of solid material, such as a paper srrip or

silica gel. The moving phase passes up or down on

the solid material. The distance moved by a certain

substance in the sample spot depends on the dif-
ference in solubilities of the substance in each of the

rwo liquid phases.

Gas chromatography is a type of partition chro-
matography. The stationary phase is a solid or a
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CHROMATOGRAPHY

A simple experiment shows how chromatography can be
used to separate a mixture of substances. Black ink from any
make of ballpoint or felt-tip pen looks the same. Black dots
were drawn on a piece of blotting paper using ten different
pens. The paper was then curved into a cylinder and placed
in a beaker containing a small am0unt of alcohol mixed with
water. As the liquid r0se up the blotting paper (by capillary
action), it separated the inks into the dyes that they were
made from. The dried paper-the chromatogram-shows
that all the inks are actually mixtures.
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liquid. 'fhe moving phase is a gas. Gas chromatog-

raphy is often used to study substances that form
vapors. Chemists use gas chromatography to find
out what chemicals are present in mixtures such as

petroleum products, smog, and cigarette smoke
(see CHEMICIAI- ANALYSIS).

CHROMIUM Chromium (Cr) is a hard, brit-
tle, gray metallic element (see ELEMENT).

Chromium, sometimes called chrome, occurs only
as a combined metal-that is, combined with other
clements. It is usually found combined with iron
and oxygen in a mineral called chromite. It is

mined chiefly in Albania, South Africa, the former

Soviet Union, Tirkey, and Zimbabwe.

Chromium resists corrosion (see CIORROSION). It
becomes very shiny when polished. Because of
these properties, chromium is widely used to coat,

or plate, other metals. Chromium is also used to
harden steel. Its alloys are used to make safes, ball

bearings, and the cutting edges of various tools.

Alloys (combinations of metals) that have more

than 10 percent chromium are called stainless steel.

Stainless steel is used to make eating utensils and

kitchen equipment. Many chromium compounds

are important in industry. Potassium dichromate is

used in tanning lcather. Lead chromate, also called

chrome yellow, is a pigment (coloring substance)

CHROMIUM
Chromium plating is common on automobile trim. The shiny
chromium looks attractive and prevents the steeltrim from
rusti ng.

for paint. Some chromium compounds are used in
the aircraft industry to anodize aluminum, or coat

it with a thick, protective, oxide film.
Chromium has an atomic number of 24.Its rela-

tive atomic mass is 51.99. Chromium melts at

about 3,452"F [1,900"C] and boils at 4,874"F

12,6g0"C).

CHROMOPLAST Chromoplasts are any of
the various organelles, or tiny structures, within
plant cells that contain pigments (coloring matter).

Chromoplasts may have different colors.
Chloroplasts, which contain the green pigment
chlorophyll, are one kind of chromoplast (see

CHLOROPHYI-L; CHLOROPLASI'). Red, yellow,
orange, and brown chromoplasts are responsible

for the colors of the leaves of deciduous trees in fall
(see DEcllDUous TREF,). Such chromoplasts also give

some flowers, fruits, and roots their colors.

See AIso CAROTENEI PIGMENTI XANTHOPHYLL.

CHROMOPLAST

The color of these leaves in the fall is due to chromoplasts in

the plant's cells.

CHROMOSOME Chromosomes are small,

threadlike bodies found in the nucleus of every cell.

They contain chains of DNA (deoxyribonucleic

acid) called genes. Genes control the inherited
characteristics of an organism (see CL,LL; DNA;

GENE).

Each species of organism has a specific number of
chromosomes. For example, human beings have

forty-six, and cows have sixty. Most organisms have

)o/



Chromatids ChromosomesCe ll

V-

Nucleus

Prophase
Metaphase

CHROMOSOME

When a cell begins a normal, or mitotic, division, each
chromosome makes an identical copy of itself. The two
copies stay together at f irst. When the nuclear membrane
breaks down, they become attached to the spindle (axis

between cytoplasm centers). The two copies are then drawn
apart. Each goes t0 its own end of the cell. A new nuclear
membrane forms around each new group of chromosomes.
Then the cell divides to give two identical daughter cells.

chromosomes arranged in pairs. The forty-six
human chromosomes are actually twenty-two ordi-

nary pairs plus one pair of sex chromosomes. There

are two kinds of sex chromosomes, the X chromo-

some and the Y chromosome. They are named X
and Y because of the way they look under a micro-

scope. In the body cells of the human female, there

are two X chromosomes. The male has one X and

one Y in each body cell.

Chromosomes can be seen only at certain times,

and then only with a powerful microscope.
Chromosomes "appear" in the nucleus just before a

cell splits into two daughter cells. In mitosis, each

chromosome splits lengthwise into two chromo-

somes, one for each daughter cell. In meiosis, the

chromosomes do not split, so each daughter cell

has only half the regular number of chromosomes.

These cells develop into gametes-sperm or egg.

The egg produced by a human female has an X
chromosome and twenty-two regular chromo-
somes. The sperm produced by a human male has

either an X or a Y chromosome, plus twenty-two
regular chromosomes. When an egg and a sperm

combine to form a zygote, it has forty-four regular

chromosomes and two sex chromosomes, or forty-
six in all (see MEIoSIS; MITOSIS; REPRODUCTION).

The relationship between chromosomes and

heredity was first suggested in 1902.In 1920, an

American biologist, Thomas Morgan, published

Telophase

Anaphase

Daughter cells-

his studies showing that inherited characteristics

were controlled by genes linked on chromosontes.

He used the fruit fly because it has only four pairs

of chromosomes. Morgan's research showed that in

the fruit fly there were four groups of linked char-

acteristics. In later experiments, Morgan mapped

the chromosomes, finding the exact positions of
specific genes responsible for specific inherited

characteristics.

See AIso GENETICS; HEREDITY; MORGAN, THOMAS

HUNT; X CUnOVOSOME ; Y CURCltr,tClSOM!..

CHRONOMETER A chronometer is an

instrument that is used to measure time very accu-

rately. It is more accurate than an ordinary watch or

clock. Chronometers are used by aircraft pilots,

auto racers, and ship navigators. The marine
chronometer is the best known type of chronome-

ter. Sea navigators need accurate timepieces so that

they can determine their position. The first marine

chronometer was built in 1764 by John Harrison,

an Englishman. It lost only five seconds on a voy-

age that lasted six weeks.

The time on a marine chronometer is usually

preset to coincide with Greenwich Mean Time
(GMT). This is the international marine standard

time. A navigator uses a sextant to measure the

position of the sun in the sky (see stxlaNr).'l'hen,
by knowing the time in GMT, he or she can work



our rhe longitudc of the ship (see t.Al tt-LlDF. ANt)

t ()N(;t-t'ul)F.).

Marine chronclrneters are verv delicate instru-
ments. Sorne of them contain a thousand parts.

Chronorneters rlre kcpt insidc wooden boxes to
protect thenr from du.st ancl corrosion bv the salty

air. Insidc tl-re box thel'are specially mounted. This
allorvs them to stay in a holizt'rntel position no rnat-

ter how the ship moves. Marine chronometers
must bc kept awav from the magnetic influences of
conrpasses and vibraticlns from cr-rginc's.

The most accrlrate chronometer is the aromic
clock. 'l'he atomic ckrck rvas inventcd in 1948.

Atornic clocks arc controlled bv the vibrarions of
atoms or molecules. -l'hey are accur:lte to within
millionths of a second per year. Sea navigarors can

receive radio signals that give rhem tirne checks

from an atomic clock on land.

See also (lL( X-K AN l) \\:A I clH .

CHRYSALJS (kris'a lis) Chrvsalis is the name

given to thc third stage in the lile of a butrerflv. It
is also known as a pupa. The fullv grown caterpil-

lar turns into a chrysalis after it molts its skin for
the last rime. The chrysalis has a hard coat and

often bears shiny *olden or silver spots. The narne

actually colnes fronr a Greek wclrd lncaning
"golden." N{an1. butterf'lv chr-r'salises hang fron-r

pl:rnts, but othcrs lie on thc gror-rncl ancl rrre
wrapped in flimsv cocoons. 'fhe cocoons are nrade

of silk and are spun bv the caterpillars bcfbre they

turn into chrvsalises. T'he chrysalis cloes nor feecl or
nrove and seems totally inactive, but important
changes are taking place inside it as the aclult but-
terfly takes shape. When the butterf'ly is readv tcr

come out, tl-re chrysalis splits open.

See also ULj.l 'l F.RFL\' .{ND l\l()1'H; C(X.(X)Ni N{1.1 A-

\.{C)RPHOSISi PUPA.

CHRYSANTHEMUM (k'i sir.r'th: nram)
'fhe chrysanthemum is a f'lowering herbaceous

plirnt or occasionally a shrub. lt is a nrembe r of the

composite lamill'. Most ol the more thrrn one

thousand species of chrysanthen'rum are pcrennial
(iiving more than two years), but some are anr-rr-ral

(living only one vear). The narne oF this plant
corrles from two Greek words neaning "golclen

flower" (see CONIl'l)SIl'L, FAN,Ill.Y; FlhRl],A(-1.()L.rS

PLANl-).

The chrysanthernum blossom is actually a group

of several flowers, and it lnav measllre 8 in. [20 cm]

across. C)hrysanthemums bloom near the cnd ofru'ia-
CHRYSALIS

A fully grown caterpillar
hangs from a leaf and
wriggles out of its sl<in,
revealing the hard-shelled
chrysalis, or pupa (f ar left).
After a few weeks, or even
months, the chrysalis splits
open and the new butterfly
struggles out (left).

q
l
t

1(r9



CIC

the year, when the days have fewer than twelve
hours of sunlighq. l'hey are called short-day plants
(see I,HOTOPERIODISM). Since florists can control
the number of hours of sunlight that a plant
receives, they can cause chrysanthemums to bloom
at any time during the year. New plants are produced
by cutting or division (see vnCEtatr\ts PROI)AGAIION).

The chrysanthemum was grown in China in 500
B.c. All the colors that have developed from the
original yellow are hybrids. Chrysanthemums were
brought to Europe in 1789 and have spread
throughout the world. A common nickname for
the chrysanthemum is mum.

See also HYBRID.

CICADA (si ka' da) The cicadas are fairly large
insects belonging to rhe family Cicadidae. The
largest has a body length of 3 in. IB cm]. With four
usually transparenr wings, cicadas move among rhe
plants they use for food. Cicadas are bugs and they
suck sap from plants with their srrong beaks. Most
of the 4,000 species of cicadas live in the warm
regions of the world. More than 100 species are

found in the United States. The male cicadas make
loud, shrill noises; the female cicadas are usually
quiet. The sound of a cicada is produced by vibrat-
ing membranes (thin sheets of tissue) called tym-
bals on the sides of its body.

The life cycle of the cicadas includes long periods
underground, where they prepare for a brief
adult life above the ground. The sevenreen-year

cicada, a species living in the central and easrern

United States, spends thirteen ro sevenrcen years

CICADA
Male cicadas ruL. uery
loud, shrill noises to attract
females. The sounds are
produced by vibrating a

little membrane, called a

tymbal, on each side of the
body at very high speed.
The action is similar to that
of bending a tin lid in and
o ut.

underground. The green-and-black dog-day cicada

is also found in the United States. Most cicadas

spend from two to five years underground.
Female cicadas lay their eggs in slits that they cut

in the twigs of living rrees. After about a monrh or
so, the eggs hatch and the young, called nymphs,
drop to the ground. The nymphs then bury them-
selves deep in the soil. 'fhey live by sucking the sap

from the roots of trees. 
-fhey 

reach the surface by
crawling up the roots and trunk of a tree. A short
time after they have left the ground, the cicadas lose

their outer skins, which split down the back (see

MoLIING). Then they fly away ro mate, lay eggs,

and live for a few weeks. Cicadas are commonlv but
incorrectly called locusts.

See also BUG (tNSECT); TNSECT'I LOCUS'r'.
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CICHLID
This type of cicfrliO is cattea . rorth bteeder. b.rzu,s. it
keeps its eggs and young in its mouth.

CICHLID (sik'lid) A cichlid is a freshwater fish
that belongs to the family Cichlidae. Cichlids are

found in tropical warers of South America, Africa,
and southwestern Asia. There are over rwo hundred
species in the world. These colorful fish look simi-
lar to the sunfishes of North America (see SUNFTsH).

Some species of cichlids carry their eggs and newly
hatched fish in their mouths until the small fish can

protect themselves. Some cichlids are popular with
sport fishers. Others are used for food. Some are

kept as aquarium fish. In the United Srates, a well-
known fish called the oscar, which is sold in pet
stores, is a cichlid.

Tin lid

w
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CILIUM (sil'e am)A cilium is a movable, hairlike

structure found on certain kinds of living cells (see

cELI.). It can be used to move the cell. For example,

the single-celled paramecium moves itself by using

many waving cilia. Cilia also move objects along

the cell's surface. The trachea (windpipe) in
humans has cilia inside of it to move mucus and

dust particles up from the lungs (see TRACHL,A).

Cilia are similar to flagella, but they are shorter.

See also FLAGELLUM; PROTOZOA.

CIRCADIAN RHYTHM (sar ka'de an

rith'am) Daily rhythms of rest and activity are called

circadian rhythms-from the Latin words circa and

dies, meaning "about a day."'fhese rhythms are con-

trolled partly by a built-in biological clock (see nto-

LoclclAl cLOCK) and partly by the surrounding
conditions. Conditior-rs during the daytime are

obviously very different from those at night. In
addition to the darkness, nighttime is usually cooler

than the davtime, and the air is more moist, or more

humid, at night. Animals and plants are usually

active at night or by day, but not both. Butterflies,

for example, fly by day, but most moths fly at night.

Most flowers open by da,v, but those that are polli-
nated by moths open and give out their scent at

night. Slugs and snails normally hide away in the

daytime and search for food at night because their

soft bodies would dry up in the drier daytime air.

Hedgehogs and other animals that feed on slugs and

snails also have to go out at night and rest by day.

Woodlice, for example, are thought to move about

in the evening because, having spent all day in damp

places, they get waterlogged and need to get out into
the air to lose some of the extra moisture.

See also BIORHYTHMS.

CIRCUIT BREAKER A circuit breaker is an

automatic switch that stops or starts the flow of an

electric current. If too much electricity flows
through a circuit, fire or damage to equipment that

is plugged into the circuit may result (see clRCUIl
EIECI'RIC). Circuit breakers help prevent such

problems.

Like fuses, circuit breakers are designed to allow

only so much electricity to pass through a circuit,

the path along which an electric current flows. If
more electricity passes through the circuit than it is
designed to carry, the contacts in the circuit breaker

open. Contacts are the points at which the path of
electricity can be broken. The mechanisms used to

open a circuit breaker's contacts include a bimetal-
lic strip. If too much electricity flows through the

bimetallic strip, it heats up and bends, breaking the

circuit. The residual current device (RCD) is a type

of circuit breaker designed to protect people from

receiving electric shocks. If someone touches a

metal part of a machine that is carrying electricity,

an electric current flows through his or her body

into the earth. An RCD detects the flow of current

to earth and automatically disconnects the electric-

ity supply. Residual current devices were previously

known as earth leakage circuit breakers (ELCBs).

Once the load of electricity has been decreased,

the switch can be closed. This allows electricitv to

begin flowing again. There is no fuse to repair or

replace (see FUSE, ELEC'fRIC).

Bimetallic
stri p

Co nta cts

CIRCUIT BREAKER

When the electric current f lowing through this circuit
breaker rises above a preset limit, the bimetallic strip inside it
heats up and bends, tripping the switch into the off position.
The bimetallic strip cools and straightens, allowing the circuit
breaker to be switched on again.
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CIRCUIT ELECTRIC An electric circuit is a

path along whicl'r an electric current mav flow (see

cLiRRt--N't , t-.t.F.(.'t-RI(-). There are rhree n'rain parts ro

an electric circuit. -l'hc 
f-irst is a source of elcctric

energ,y, such as a L):rttery or generator (see BAI'l L.ltY;

(ll-.N[-.ll{l'()R, lll.[(]'l lLl(lAt.). 
-l-he 

second is an output
device, such as a nlotor or bulb. The third is a

connection between the sourcc and the output
device, such as a wire or cable. One example of a sim-
ple circr-rit is in a common flashlighr. Elecrrons from
the negative ternrinal (electrode) of a batrery pass

throLrgh thc filerment (threadlike wire) in a bulb and

return to the positive terminal (see LLh(lI'ROI)E).

Various deviccs can control the curre nt flowing in
an electric circurit. A switch may turn a light on or
off. Whcn the switch is off, a gap separares the con-
nccting wires. 'l'he currenr cannot complete its

path. A circuit with this type of gap is called an

open circuit. A closed circuit has no gaps in the
path of the current.

The word circuit nray also mean a complete elec-

trical unit or section, such as an amplifier, wirhin a

larger piece of equipment, such as a radio rcceiver'.

There are many very complicated tvpes of electric

circuits. Howcver, they all work in one of two main
ways, or a combination of these two ways. In the
flashlight circuit mentioned before, the same

current passcs through the bulb, battery, and
switch. The cornponents (parts) of this circuir,
namely the bLrlb and switch, are saicl to be in series

with the battcry. This unit therefore has a se ries cir-

cuit. In any series circuit, the current passing

through each component is the same.

In a parallcl circuit, two or rnore separatc circuits,

or parts of a circuit, are fecl by a common source of
electric energy. In this type of circuit, the currenrs

passing through earch individual circuit may be

quite dilferent. Allhousehold lights and appliances

are connected in parallel because a parallel circuit
allows all devices to operate on the samc voltage.
'I'he voltage does not change if a piece of equip-
ment is added or removed (see vtlt.l'). However, the

total current passing through the firse or circuir
breaker may increase or decrease. 'I'he total current
is the sum of the currents used by each piece of
equipment (see crRCLlrr BREAK[,R; FUSE, Er-ECTRIC).

A short circuit occurs when a circuit having a very

low resistance is connected to a source of voltage,

such as the main supplv in a house (see RL.StS-tAN(;F,,

LLLcII'RICAL). A large current flows through the
resistance. The resistance often becomes very hot
and sometimes melts. Short circuits can cause fires.

S e e a /s o coN DUCTIoN oF L LL,cr'r'Rr crrry: F,r.F.c-TRICI' t y.

CIRCUIT, ELECTRIC

An electric circuit is a path
along which an electric
charge can flow. Here a

battery, four light bulbs, and
a switch are all in the
circuit. The battery pushes
negatively charqed
electrons from one of its
terminals (-) around the
circuit and back to its
positive (+) terminal. The
electrons flow through a

thin wire, called a filament,
in each bulb. The filaments
get hot and glow, giving out
heat and light. lf any bulb
burns out, breaking the
filament, the circuit would
be broken and the current
would stop. Turning the
switch off is a way to put a

gap into the circuit and stop
the flow of current.

Liqht bulbs

PROJECT 29.30
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CrncuLAroRY SvsrEM

Th. gr.ru1-, of organs in aninrirls that passes blood
thror-rgl-rout the bodv is callcd thc circu.latory sys-

tenr. Blood nrust reach every cell in rhe bocly to
provide fbocl ancl oxygen and to carry awav waste

proclucts. In simple animals that have only a lew

cells, blood and a circulatorv svstem arc not neces-

sarv. Foocl, evlrger, ancl waste products can pass

freely throughout the bocly, reaching cvery cell.

This is not possible in larger, more conrplicatcd
animals that have millions of cells in tissues that are

several inches thick. A circulatory systeln evolved in
these aninrals to pass the blood to each cell.

In most of these animals, the system has a mus-

cular pump, callecl a heart, to movc the blood
through long blood vessels. Blood ve.ssels are tttbes

that carrv the blood to ar-rd from the cells in all parts

of rhe bod,v.

There are two tvpes of circulatorv systenrs: alr

open system and a closed system. Sonre me mbers of
the animal phyla Arthlopocla ar-rd lv{ollusca hirvc

open systems. C)pen svstems do not I'rave blood
Aorta

THE HT]MAN
CIRCULATORY SYSTEM

Veins carry blood to the
heart, and arteries carry
blood away from the heart
(right). ln the diagram,
venous blood is shown in
blue, and arterial blood is
shown in red. For clarity,
the veins are shown on one
side of the body and the
arteries are shown on the
other side.

Pulmonary veins

Left atrium

Left ventricle

THE HUMAN HEART

ffris Oiagram of tt'r. f'urun
heart (left) shows the four
chambers and the main
blood vessels carrying
blood to and from the heart.

Right atrium

lnferior vena cava



CIRCULATORY STSTEM

vessels. Blood is pumped into open spaces called

sinuses. The blood bathes the cells surrounding
each sinus. Some members of the phyla Mollusca
and Annelida and all vertebrates (animals with
backbones) have a closed system in which blood
remains in blood vessels and reaches every cell by
means of a branching nenvork.

In a closed circulatory system, there are three main

kinds of blood vessels. These are the arteries, capil-
laries, and veins. An artery is a large vessel that car-

ries blood away from the heart. The arteries divide
into many branches, which themselves split up into
smaller branches, and then into very small vessels

called capillaries. The capillaries carry blood to and

from the cells and then connect with the veins. Veins

carry blood away from the cells back to the heart.

The closer to the heart they are, the bigger veins are.

Scientists guess there are about 60,000 mL196,540
km] of blood vessels in the human body.

The heart is vital to keep the blood moving in the
circulatory system. If the heart stops pumping, the

animal will die. The mammalian heart is divided
into four chambers: two ventricles and two arria
(plural of atrium). Blood is pumped from the right
ventricle into the pulmonary artery. The pul-
monarv artery carries the blood into the lungs,

where it absorbs oxygen and releases carbon diox-
ide (see LUNG). The blood rerurns to the left atrium
of the heart through the pulmonarv vein. The left
atrium pumps the oxygenated blood into the left
ventricle of the heart, which pumps it to the rest of

Left
atrium

Tric uspid
va lve

the body through the aorta. The aorta is the largest

artery in the body. It carries blood ro orher arteries.
'I'he blood absorbs food when it circulates through
the small intestine (see DIGES'l'tVE SYSTEM). \(/astes

from the cells are removed from the blood when it
circulates through the kidneys (see rlnxnv). After
the blood passes through the entire body, delivering
food and oxygen and removing waste, the blood
returns to the heart through the venae cavae (sin-

gular; uena cdu/l), the two largest veins of the bod,v.

The deoxygenated blood enters the right arrium,
which returns it to the right ventricle. The blood is

then pumped to the lungs to receive more oxygen

and make another trip.
Other vertebrates that have closed circulatory svs-

tems have a different arrangement than mammals.

In fish, the blood receives oxygen through the gills
but does not return to the heart befbre traveling to
the body. In the hearts of amphibians and repriles,

oxygenated and unoxygenated blood are not kept

separate, but are mixed before traveling throughout
the body.

See AIso ARI.L,RIOSCI-EROSIS; ARI.I,RY; BLOOD; CAPIL-

LARY; HF,ART; I{EARI' DISL,ASE; STROKF,; VEIN.

HEARTBEAT

The pictures below show the sequence of a complete heart-
beat: (1) deoxygenated blood from the body and oxygenated
blood from the lungs enter the atria; (2) the tricuspid and
mitral valves open and blood flows into the ventricles; (3) the
pulmonary and aortic valves open, forcing blood to the lungs
and the body.

Mitral valve

Pulmonary valve
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CIRRHOSIS (si ro'sis) Cirrhosis is a disease in
which the liver.tissue becomes scarred, changed in
ourward shape, and useless (see lrvr.n). Cirrhosis is

commonly caused by excessive use of alcohol; by
use of certain drugs; by inhaling poisonous fumes;

by hepatitis, which is an inflammation of the liver;
as well as by other, less common problems.
Although the liver can heal after injury, once rhe
liver tissue is scarred, it cannor be repaired. When
scarred, the liver may srop its work of making pro-
teins and purif,ing the blood. This is known as

cirrhosis.

Cirrhosis can block the blood vessels to the liver.
This causes other blood vessels around the liver to
become bigger. The newly enlarged vessels are frag-
ile and may break, resulting in internal bleeding.
Many people with cirrhosis become weak and lose

weight, and liver cancer may often develop. In some
people, the abdomen swells up with excess body flu-
ids. The skin and eyes of a person with liver failure
may become very yellow; this is called jaundice.

Jaundice occurs when some of the liver fluid, which
becomes part of bile, backs up into the blood.

Cirrhosis may develop slowly or very quickly,
depending on its cause. Some early cases of cirrho-
sis can be treated with medicines, proper diet, and
avoidance of alcohol, drugs, and fumes that are

harmful to the liver. There is also the possibility of
surgery to help rrear or cure some people with

Jt I'*\' .i

CITRUS FRUIT-Pulp and
rind
0ranges, lemons, unO tirrt
are all citrus fruits. Each
fruit is a thick-skinned
berry, and the flesh or pulp
is divided into a number of
sections or segments.
These are clearly seen in
the lime that has been cut
in half. Some species have
strongly scented flowers
that are used in perfumes.

cirrhosis. Surgery may include shunting, in which
some of the blood is directed around the diseased

liver, or liver transplantation, in which a healthy
liver from a deceased donor is used to replace the
patient's diseased liver (see 1'RANSPLANTATTON). If
not controlled, cirrhosis can lead to coma and
death.

CITRUS FRUIT A citrus fruit is the fruit of any
of the evergreen trees and shrubs of the genus
Citrus. The sixteen species of citrus fruits are mem-
bers of the rue family (see EVL,RCREEN; RUE FAN{rr.y).

Citrus trees grow l0 to 26.5 ft. [3 to B m] tall and
have long, shiny, pointed leaves. Citrus flowers are

usually white with five overlapping petals. Citrus
trees thrive in warm areas where there is little frost
and wind. They are narive to India and southeast
Asia, and were first cultivated in China in 1000 n.c.
They are now grown in warm areas of the United
States, as well as orher areas of the world.

Citrus fruits contain seeds surrounded by a juicy,
edible pulp. This pulp is divided into sections and
is enclosed in a pith (layer of spongy tissue) and a

colored rind. The pith and rind are usually called
the "skin." The pith and rind are easily peeled to
expose the pulp. Citrus fruits are a popular and
tasty food. Some of them are rhe orange, grapefruit,
lemon, lime, tangerine, shaddock, and kumquat.

Citrus fruits can be eaten raw squeezed for their
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jr-rice, or cookccl in a variety of foods. T'hey are rich
in nccessarv vitamins and minerals (see l)tt.'t'). Most
citrus fruits are a goocl soLlrce of vitamin (,, a nec-

essarv part of the cliet. A deficicncy of vitarnin C

can result in fatieuc :rnd cliseases such as scurvy.

See a/so IrRLrl l i VI I ANI IN.

c I r nus l!.Ul r-p19y1 e{9lanses
Mandarin oranges have a loose skin, which
easy to peel.

makes them very

CIVET (siv'it) Civets are carnivorous (meat-

eating) rnammals native to the forests of Africa and

southcrn Asi:r (see MAMMAL). Each of the fiftccn
species is catlike in appcarance with a long, bushy

tail and a pointed snout. Civets vary in color from
black anci brown to trrn and gray. Most are spotted

and have rails with rings of different colored fur.

Some species may grow as long as about 3 ft. [0.9 ni]
ar.rd rnav wcigh :rbout 24 lb. [10.9 kgl.

Most civets live alone clr in pairs in burrows in the

groutrd. Thev hunt at night for birds, frogs,
rodents. lucl other srnall animals. Some civets eat

CIVET

Civets belong to the mongoose family. Because of their
catlike behavior, they are sometimes called civet cats.

plants ar-rd animal eggs. Civets are good clinrbcrs,

using their tails for support.

Most species of civets have a special gland near

the base of the tail. This gland produces and sprays

a foul-smelling liqLrid, which can be used to mark

out a territory or to scare a.way an enemy. Some per-

fumc manufacturers Llse the liqLrid as a base for cer-

tain perfumes.

See nlso M()NcoosF..

CLASS A class, in the classification of living
things, is a subdivision of a phylum. A clarss is rnade

up of a group of related orders.

See also CI,ASSIFIC]AI.ION O1- LIVIN(I ORGAN.ISN{S.

CLASSIFICAIION OF LIVING ORGAN-
ISMS Biologists try ro arrange all living things
(also called organisms) into groups. This helps

explain one organism's rclationship to another
organism. To do this, biologists must study all

groups of organisms and compare them. This study

is called taxonomy. A scientist who studies taxon-

omy is called a taxonomist. Thxonomists have iden-

tified hundreds of thousands of animals, plants,

and other organisms. Each one is assigned a name
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and a placc in the classific:rrion s)/sreln. Some
organisn'rs are easy to classifu. A rnoose, for exam-

ple, is ve rv sinrilar to a clccr :rnd belongs to the deer

familv. Other org:rnisms arc hard to classifi.. For
example, not all trrxonomists agree on how to clas-

sifv certain one-celled organisms. txonoml' tlics
to describe naturc's living crearllres in a neat, clear-

cut lnanner. However, organisms are not naturally
organizecl in a neat, clear-cut manner, so taxonorn)/
is ncvcr perfectly corrcct.

The modern mcthod of classifi.ing organisms was

started bv a Sweclish naturalist named Linnaeus
(sec l.lNNAl-US, (li\Rol.LrS). All classification namcs

are Latin, which is a conrmon scientific l:rnguage. If
the names we re in English, scientisrs in non-
English-spcaking countrics woulcl nor easily under-
stancl them. By using Latin narnes, a Russian
scientist can understand what organisms an

American scientist is talking about. It is important
that the n:rme for an organism be the same all over

the world. In the United States. there is a fish called

a bltregill. In the northeastcrn parr of rhc counrry,
the satnc fish is often callecl a johnny roach. In the
southern part of the collntry, the same fish is often
callcd a bream. ln England, however, there is a

totallv different fish callcd a bream. This can

become verv confusing. 'I'herefore, rhe bluegill is

assigrred the scicntific namc Lepomis mrtcrc,chirus,

regardless of where it is found.
Most scientists use a five-kingdom sysrem of clas-

sification. Each organism belongs ro one of these five

kingdorns. The plant kingdom includes all n-rulticel-

lular plants.'I'he anirnal kingdorn inclLrdes all nrul-
ticellr-rlar aninrals. The kingdom Protista includes

protozoans (one-cellecl, animallike organisns) and

all algae except blr-re-greer-r algae. The lungus king-
dom includes all tvpes of fungi. The kingclonr
Monera inclr-rdes bacteria and blue-grcen algae.

These kingdorns are broken down into phyla (plural

of phylum) or divisions. Organisrns with sinrilerr

characteristics are assigned to the san're phvlum. For

example, all animals with a bacl<bone belong ro rhe

phylum Clhordata. Phyla and divisions are brokcn
down into diffcrent classes. All animals with back-

bones that have hair and milk-producing glands are

assigned to the class Mammalia. Classes are brokcn

down into different orders. Orders are divided into
different lamilies. Families are split inro different
genera (plural of genus). Genera are broken clown

into different species. A species is a particular kind
of plant or aninral. It is only berween rnembers of
the same species that fertile offspring can bc pro-
cluccd. There can bc manv organisms in the same

genus but only one organism in each species. The
scientific name (binomial nomenclarure) of an

organisn'r refers to the namc of its genus ancl species

written together.'fherefore, Lepomis mncrochirus
(bluegill) belongs to the genus Lepomis and the
species mncrochirus.

See d/so AN]N,IAI, KIN(iDT)N,i; IIUN(iUS; MONF,RA;

PI,ANT KI N(II)()M ; PRO.| IS,I,{.

CLAVICLE (klav'i kal) The clavicle is a long,

sle nder bone found in the chest of mammals. One
encl of the clavicle attaches to the srernum (breast-

bone), and the other end attaches to the shoulder
blade at the shoulde r. Tl're clavicle connecrs the arnr

to the upper body and props the shoulder our awav

from the chest. The clavicle is also callecl the collar

bone. Fractures of thc clavicle are fairll'common.
See n lso SKF.I.F.TON; S'I'L,RN LJN{.

CLAY Clav is a soft, flexible subsrance for-rncl in
most soil and in lnany rocks. It is made up of tinl',
shee tlike particles of clav n'rinerals along witlr

CIAY-Potrery
A Mexican potter makes a large bowl out of clay. While the
clay is wet, it is soft and easily worked. The potter will place
the bowl in a kiln, or oven, and bake it at a high temperature.
The baked pot will be hard, waterproof, and fairly strong.
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cl4l Ys44as
When shapes are modeled in cliy, they must be made to
precise dimensions to allow for the shrinkage that occurs
when wet clay dries out during the firing pr0cess.

quartz and other minerals. Clay minerals are sirni-
lar in composition and shape to mica but are much
smaller in size (see Mtcte). Clay is the smallest of the
three kinds of soilparticles. The other two kinds of
soil particles are sand and silt (see sa.No; stLt'; Sott.).

Clay can be brown, red, or gray depending upon its
content. Iron oxide, for example, colors clay red.

Clays that contain large amounts of carbon
compounds are gray.

Clay plays an important role in agriculture. It
absorbs ammonia and other gases needed for the

growth of plants. Clay also helps soil retain the
nourishing substances supplied by manure and
other fertilizers. However, too much clay in the soil
prevents the movement of air and water through
the soil and makes the soil stiffand heary.

There are two general types of clay: expandable

and nonexpandable. Expandable clay swells up
when water is added to it. It can become liquid if
enough water is added. Nonexpandable clay
becomes soft when water is added, but it does not
swell up or become liquid. Expandable clays called

bentonites are used in drilling for petroleum (see

PEf'ROLL,UM). Other types of expandable clays are

used as chemical agents in the refining of petro-
leum. Nonexpandable clay is used in the ceramics

industry to make bricks, tile, pottery, and

porcelain. Molded clay objects are placed in special

ovens called kilns. -fhe intense heat removes rhe

water from the clay and makes it hard ar-rd impen-
etrable. lt cannot be softened again by adding water
(see CER{MICS).

Kaolin, or china clay, is a white clay derived
mainly from decomposed feldspar. Kaolin is used

to make porcelain. Kaolin is also added to paper to

give it whiteness, strength, and a shiny surface. Fire

clay contains a large amount of silica, a material

that is highly resistant to heat. Bricks made from
fire clay are used to build fireplaces and to line
industrial furnaces.

See also t L,Lt)spAR: KAoLIN: srLICA.

CLICK BEETLE Click beetles belong ro rhe

family Elateridae and there are about 7,000 species.

They are narrow hard insects that measur e 0 .12 to 2

in. [3 to 54 mm]. Click beedes are able to flip them-
selves up if they fall on their backs. The fallen beetle

flips in the air with a loud click and rights itself.

The larvae of the click beetle are called wire-
worms. They damage crops by eating the roots in
the soil.

See A/so BEETLE; LARVA.

CLICK BEETLE

A click beetle is named for the sound it makes when it flips
overfrom its back onto its legs. The picture shows a beetle
lying on its back.
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Cli-",. is the average weather experienced by an

area over a period of years. It is often described in
terms of temperarure and precipitation (rain, snow,
and other moisture that falls to the earth). For
example, the climate of a tropical island may be

described as a tropical wet climate. This means
average temperarures are in the B5' to 100'F [29'
to 37 .5"C) range, and there are periods of rain dur-
ing many days of the year.

Climate influences the kinds of houses we live in,
the clothes we wear, the food we ear, and the rrans-
portation we use. \7e can control the effects of

CuNdArE
climate in our homes with insulation, heating, and
air conditioning.

Climate and weather are nor the same. Veather is

the condition of the atmosphere during a given
period of time. 'Weather changes from day to day.

Scientists determine the climate of an area by
studying its daily weather over several years (see

\(/EATHER). The study of climate is called climatol-
ogy, and the people who do that work are called cli-
matologists. Climatologists must consider many
characteristics of the atmosphere, including tcm-
perature, precipitation, humidity, sunshine, wind,

"..#'
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CLIMATE

DESERT

Deserts are places where there is less than 10 in. [25.4 cm] of
rain per year, and where this low rainfall quickly evap0rates.
Some of the world's deserts are covered with sand, which
the winds can build up into huge dunes. Desert plants store
water in thick, fleshy leaves.

air pressure, and cloudiness. Climatologists divide
the earth into various climate zones_places within
which the climate is similar. 'I'here are many ways

to do this. The map with this article shows one

commonly accepted way, in which there are twelve

zones. They are: (1) tropical wet, (2) tropical wet

and dry, (3) highlands, (4) desert, (5) steppe, (6)

subtropical dry summer, (7) subtropical moist, (8)

oceanic moist, (9) continental moist, (10) subarc-

tic, (11) polar, and (12) ice cap. The climate of each

of these zones is different.

Why climates differ Climates differ for a num-
ber of reasons, including differences in latitude
(location north or south of the equator), differ-
ences in how quickly the temperatures of land and

water change, and differences in the surfaces of
land. Latitude is the most important factor. Areas

at diflerent distances from the equator receive

different amounts of heat. This is because the posi-

tion of the sun in the sky varies with latitude. In
areas near the equator, the sun shines almost
directly overhead at noon throughor-rt most of the

year. These direct rays of the sun produce high te m-

peratures on the ground. C)onsequently, these areas

have warm to hot climates.

At the North and South poles, the sun never gers

verv high above the horizon. The rays of the sun are

slanted and produce much less heat on the ground.
Thus, these areas have cold climates. Areas in the

middle latitudes between the equator and the poles

have temperatures that are between those of the

other two areas. These areas have temperate (nei-

ther very hot nor very cold) climates.

Differences berween land and water also play a

major role in world climate. For example, two
places at the same latitude may have different cli-
mates because one of them is near a large bod1, of
water, and the other is not. \(/ater heats and cools

more slowly than land does. Bodies of water stay

cooler than the nearby land in the summer. Cool
breezes blow from the water onto the shore and
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CLOUD FOREST

Some high mountains are
wrapped in clouds most of
the time. The climate is
moist and cool. Dense
forests resembling the rain
forests of the tropics can
grow here. ln these cloud
forests in Venezuela,
parasitic creepers and
vines hang from the trees
that climb toward the light.

help keep the shore cooler than inland areas. In the
winter, the water srays warmer than the nearby
land, and breezes off the warer make coastal cli-
mates warmer than inland climates in winter. The
New England srares, for example, are at the same

latitude as some of the midwestern srares.
However, those parts of the New England states

that border the Atlantic Ocean tend to have
warmer winters and cooler summers than do the
midwestern states. Areas that border oceans may

have their climates fr-rrther affected by ocean cur-
rents. The Gulf Stream is a current that brings
warm water from the Caribbean Sea, through the
Atlantic Ocean, to the vicinity of the British Isles.

It keeps the British Isles warmer than coastal areas

of Canada and mainland Europe, which are ar rhe

same latitude.
Differences in the surface of the land accou.nt for

many differences among climates. Mountains, for
example, can have a major effect on the climate of



CLIMATE

MOUNTAIN MICROCLIMATES
Different microclimates occur at different heights on moun-
tains. The mountainside is often cool and moist. But very high
on tall mountains, like these in the Himalayas of Nepal, there
is little rain or snowfall. The peaks have an unchanging
covering of snow, which feeds the glacier seen here.

nearby lowlands. As air rises to pass over a moun-

tain, it becomes cooler and releases its moisture in
the form of rain or snow. A place located on a moun-
tain slope is generally cooler and wetter than a place

at a lower elevation. For example, the Cascade

mountain range that runs through western Oregon

and \Washington keeps moisture-laden air from the

Pacific Ocean from reaching eastern areas of those

states. Thus, those areas have dry climates. Even gen-

tle slopes can affect climate. In the Northern
Hemisphere, places located on gently sloping land

that faces north tend to have cooler climates than

places located on sloping land that faces south.

Mountains themselves may have several climates.

A mountain may have a dry, warm climate at its
base and a wet, cold climate at its peak. The climate
of mountains is often described in terms of micro-

climates, which are the climates of very small, spe-

cific areas. A valley also may have several

microclimates, which can affect the crops grown
there. For example, one part of a valley may receive

slightly more sunshine or rain than another.

The climate of a large city is affected by many arti-

ficial objects. Thll buildings and street pavements

tend to absorb heat from the sun and send it back

into the lower atmosphere. Also, escaping heat

from the heating systems of the buildings in winter
and hot exhaust gases of thousands of vehicles help

warm the air. Ciry temperatures tend generally to

be warmer than those in the suburbs.

The changing climate Climate changes slowly

over a period of many years. For example, the cli-
mate of North America has been warmer in this

century than it was fifteen thousand years ago,

when glaciers covered Canada and the northern
part of the United States. There have been many
"ice ages" before that one, with warmer periods in

between (see GLACIATION).

Climatologists have theorized that changes in the

earth's orbit around the sun or changes in the sun

itself have resulted in changes in the heat from the

sun's rays. Another reason given for periods of cool-

ing is the presence of dust from volcanic eruptions

in the upper atmosphere. Scientists point out that
this dust can remain in the upper atmosphere for

years, and it may prevent some sunlight from
reaching the earth.

A factor that may work in favor of long-term
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worldwide warming is the so-called greenhouse
effect (see GREENHOUSE EFFEC'f). Carbon dioxide
in the air prevents heat from escaping from the
atmosphere. It does let sunlight reach the earrh,
however. Since 1900, the levelof carbon dioxide in
the atmosphere has increased greatly because of the
large amounts of fossil fuels burned in home fur-
naces, factories, and automobiles (see FOSSTL FUEt.).

Carbon dioxide is a by-product of this burning.
Global temperarures have also risen since 1900.
But, puzzlingly, most of the rise was before 1940,
while most of the rise in carbon dioxide levels was
after that date.

Chlorofluorocarbons also contribute to the
greenhouse effect. Chlorofluorocarbons are
synthetic, or human-made, chemicals consisting of
the elements chlorine, fluorine, and carbon.
Chlorofluorocarbons are used as refrigerants and to
make plastic foams (see CHLOROFT.UOROCARBON).

Some scientists believe the trapped heat resulting
from the greenhouse effect will lead to global
warming. They believe this warming could creare
serious dangers to life on Earth because global cli-
mates would be affected. For example, if rainfall
levels drop in some places, crops could fail and

SNOWYISIANDS
lcy Coronation lsland is one of the South 0rkney lsf anOs ft
lies a few hundred miles outside the Antarctic Circle. Little
vegetation can grow where the only water available is in the
form of snow.

certain areas could become desertlike. If too much
rain falls in other places, flooding and erosion could
occur. In either case, many species of plants and
animals could become extincr (see Ex-I-rNcT'rON).

The raised temperarure would cause the upper lay-
ers of the ocean to expand, raising sea levels.
Melting of polar ice could cause ice sheets to slip off
the land in Antarctica, further raising sea levels.
Coastal areas of the continents might be flooded.
Salt water from the oceans could also flood into and
pollute coastal aquifers (see aqurrun).

Climatologists are trying to gain a better under-
standing of long-range climate changes so rhey
can predict their effects on world food prod-
uction. Periods of extreme wer or dry weather,
for example, can seriously affect the amount of
food crops grown in the world. Advance knowledge
of these changes in climate would help farmers
prepare for them.
See also A f MOSPHERL,: ML,.I.EORoLoC]Y.
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CLIMBING PIANT A cli-bing plant relies

on another plant or a structure such as a wall or

fence for support. Climbing plants usually have rel-

atively weak stems, and many have evolved special

structures for attaching themselves to thcir sup-

ports. Most of these involve thigmotropisnr, the

ability of somc plants to grow in a certain direction

in response to touch (see l,tclt,l,N,{[,NT OF Pl-AN'l'S).

Some plants, such as hops and morning glory,

have stems that grow in a spiral fashion around the

stems of other plants. Some plants, notably peas

and grapes, produce tendrils-long, slender struc-

tures that coil around twigs or other objects with
which they make contact (see TF,NI)RII-).The stem

of ivy produces roots that stick to or grow into walls

or trec trunks. The Virginia creeper has sticky pads

that cling tightly to walls. Roses, blackberries, and

some other climbers have curved prickles that hook

over the twigs and branches of other plants and

hold the climbers in position.

See also F.PIPHY'l'L,.

CLIMBING PLANT-Clematis
The clematis climbs with the aid of its leaf stalks, which twist
around neighboring twigs or any other suitable support, such
as wires or trelliswork. Many kinds of clematis are grown in
gardens, where they quickly cover walls and fences with
their beautiful flowers.

CLIMBING PI-{NT-Virginia creeper

The Virginia creeper is f ound throughout the United States
and has been taken t0 many other countries. lt climbs up
walls, clinging on by means of sticky pads on its coiled
tend rils.

CLINOMETER (kli ndm'i tar) A clinomctcr is

an instrurnent used bv surveyors and civil enginccrs

to measure the slope of such landforms as hills bv

reference to a spirit level or ar plun-rb bob.

Clinometers can be used to measure the height of
an object if the distance from the observer to the

object is known.
Pocket models carried by survevors usually con-

sist of a flat base with a built-in spirit level (an

alcohol-filled glass tube with an air bubble in it)
and lolding metal arms, called vanes, at each end.

The surveyor first makes sure that the bubble is in

the middle of the spirit level tube. That indicates

that the clinometer is being held in a horizontal

position. The surveyor then looks in an evehole in

the rear vane, through a vertical slit in the lront
vane. The vertical slit is marked in degrees. The top

of the hill as seen through the front slit gives the

angle of inclination (slopc).

In the plun-rb bob type ol clinometer, a plumb

bob, which is a weight attached to a line, hangs

from the sighting device. As the device is tilted
upward to view the top of the hill, the string moves

across a protractorlike face and indicates the angle

of ir-rclination.


