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Th. h"bit"t of a plant or animal is where it lives.

The habitat has particular physical conditions,
such as temperature, soil, and moisture, and also

has its own special type of vegetarion.
Mountaintops, deciduous forests, seashores,

deserts, tundra, prairies, and lakes are all major
habitats. E,ach is inhabited by a wide range of ani-

mal and plant species that have become adapted ro

the particular conditions of the habitat. Many
migratory birds and other animals, such as frogs

and toads, roam widely for part of the year and
then return to their primary habitats to breed. On

FOREST HABITAT
Koalas feed only on the leaves of the Australian eucalyptus
tree. As a result, they never stray from their forest habitat.

the other hand, there are many very specialized

plants and animals that can survive only in one very
limited habitat. Eelgrass, for example, which is not
a true grass, grows in shallow coastal waters and

needs a muddy bottom for its roots. It is limited to
a narrow area just below low-tide level. It cannor

survive in the air, so it cannot grow above low-tide
level. It also cannot grow in deeper water because

the mud cuts off the sunlight that the plant needs

to make food. Australia's famous koala is also

severely limited. It feeds entirely on the leaves of
certain eucalyptus trees and cannot survive outside

the eucalyptus forests (see nuc,tlvpruS; KOALA).

All the inhabitants of a particular habitat make

up a community in which each species fills its own

ecological niche. This niche is not simply a place to

live but a way of living. In other words, the ecolog-

ical niche is the role played by each species in its
community. Two species cannot live together in the
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HABITAT

srr.nrc place if thev h:rve cxacrly the samc require-

rnents bccause they would conrpete with each

other. One species would eventually have some

aclvantase ove r the other. Howevcr slight thc
advantage might be, the species with the advantage

wor-rlcl gracluallv rcplace the othe r, less well-adaptcd

species. So, although two species mav occLlpv the

same habitat, thev can never share the same eco-

logical niche. The hawk and thc owl provide a sim-

ple example. Thev often occupv the same habitat

and eat the same kincls of fbod. Thev arc uor itt
comperition, however, because hawks fbed by day

and most owls feed at night.

Many diflerent kincls of plants and animals live

in each comnrunity. Within the major communi-

ties there are rlany srlaller con'rnrunities. The lealv
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crlnopy of a dcciduous lorcst is one sr-tch division,

ar"rd t['re decaving leaf litter on the forest f]oor is

another. Each suppt'rrts a vcrv diflerer-rt group of
animrrls. These c{ivisions can lre diviclecl into everr

smaller l'rabitats that arc sometimcs knttlvtt :ts

microhabitats. A clump of moss, the space unde r a

piece olloose birrk, and a decaving bird's nest are all

examples of sr-rch microl'rabitats. L,ven a single leaf

can be regardecl as a microhabirat, for it catt sttp-

port a surprising t'rumber of otl'rcr ttrgettisnts.

Mites irnd girll wasps, for example, can cause the

formation of hunclreds of pinrplelike or bLrttonlike

galls on a leaf. Leaf-mining insects can be tunncl-
ing through the leaf tissue at the same tin're. Fungi,

bacteria.:rncl viruses can also invade the

leaf tissr-res.

UNUSUAI HABITAT

Some plant species survive
in the most unlikely
habitats. This flower is
growing among fallen rocks
in a stone quarry, where
there is hardly any soil.
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HAF

HACKBERRY

Hackberry trees produce
edible fruits and have soft
yellow-colored wood. The
tree is a member of the elm
family.

HACKBERRY'l'he hacl<berrv tree is comnron in
the central ancl castern United States. It is a mediurm-

sized trcc, growing to hcights of U0 fi. [24 m].
Hackberry leaves arc simple ancl pear-shaped. 'l'he

tree produccs small, dark, purple edible frurit in the
fall. This fruit is a popular fbod of rnany birds, squir-
rels, and other rodents. 'l-he woocl ol rhe I'rackberry

is sometimcs cut for firniture and boxes. Howevcr.
the trees are often made useless by cliseases.

HADDOCK n hacldock is a saltwater fish that
belongs to the cod {amilv Gadidae. lt is found in the
North Atlantic Ocean. Hacldock resemble cod, hav-

ing a brownish color and three fins along the back.

Haddock feed on worms, crustaceans, and other
invertebrates on the occan bottom (sec CRUS-

TACL,AN; INVF.I{TEBILAt't-). Hacldock may somerimcs

reach weights of 24.5 lb. [1] kgl.'l-his fish is an

important food for people.

See dko c-lto.

HADDOCK
Haddock is a type of
codfish. lt is a popular food
fish, and may be eaten
fresh or smoked.

HAFNIUM (haf 'ne am) Hafniurn is a chemical
element. Hafnitrm irbsorbs neurrons stronglv.
Neutrons are the subator-r-ric particles that bring
about nuclear fission in a nucleerr reactor (see

NtlCl.t-.Al{ FISSION). Rods made of hafnium arc

used in nuclear submarines to control the rate of
e nergy prodr.rction in the reacror. Pushed into
the core of the reactor, the hafnium rods
absorb neutrons and slow clown the reactor (see

N L]CI -F,AR PO\X'I--R),

In nature, l'rafnium is always found combined
with zirconium, a chemical elen'rent it closely
resembles. The sl.mbol for hafnium is Hf and its

atomic numbcr is 72. Hafhium rnelts ar about
4,404"F 12,227"C). Its relative atomic mass is

178.49. Hafnium was discoverd bv f)irk Coster
and Cieorg von Hevesy tn 1923, in Copenhagen,
Denmark. 'I'he Latin name for Copenhagen is

Hafnia, so the element is named lor the place where

it was discovered.
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HAG

HACFISH A hagfish is a saltwater fish that

belongs to the family Myxinidae. Two species live

in the Pacific C)cean off North America. One

spccies lives in the Atlantic Ocean off North
America. Hagfish are among the nost primitive liv-

ing vertebrates (animals with backbones). 'I'hey

leecl primarily on dead or almost-dead fishes. They

penetrate the bodies-first eerting out the intestines

and then the flesh, leavir-rg nothing but skin and

bones. They have rasplike tongues, but no jaws.

Hagfish may re ach lengths of 24 in. [60 cm]. Their

bodies produce large amour-rts of slimy mucus.

HAIL Hail is pellets of ice that fall durirrg some

thunderstorms. Hail forms when water droplets are

forced upward by the updraft of a thunderstorm

cloud, or thunderhead (see c.l.out)). The water

droplets may reach an area of the thunderstorm

where the temperature is below the freezing point,

32"F [0'C]. lf this happens, the water droplets

become coated with ice and fall back down to a

warmer area of the thunderhead. Here, thev

acquire a new coat olwater, ancl the updraft carries

then-r up to the subfi-eezing region again. This
process continues until the updraft of the thunder-

storm is cut off, and the contents of the clouds

spill out in the form of a downpour. lf the frozen

water droplets are large enough so as not to melt on

their way down, they reach the surface in the form

of hail.

Most hailstones are t'rot much larger than a pea.

Some hailstones, however, harve been recorded that

are the size of potatoes. l-arge hailstones can cause

severe damage to crops ancl to propert\1

HAIL

HAGFISH

A hagfish
p rey.

can tie itself into a knotto help it burrow into its

HAHN, OTTO (1879-1968) otto Hahn was

an important German atomic scientist. In 1938, he

was working rvith Fritz- Strassmann on making
radioactive substatrces from uranium (see RAI)lo-

Ac]TIvl'l'Y). They usec{ ncutrons to increase the

radioactivity of the uraniutn. A surprising thing
happenecl. Hahrr found that some much smaller

atoms were coming out of the experiment. He

thought this was so strange that hc hardly darecl

publish his discovery. Tl're cxperiment was pub-

lished in 1939 by Lise Meitner (see MF.l'l'NLI{, I ISF.).

It was, in fact, thc discovery of nuclear fission.

Hahn received the Nobel Prize for chemistrv in

1944.

,\ee ,tko FISSIoN: NLLITRoN.

Hailstones are round chunks of
freeze in a thundercloud. Large
and knockthem down.

ice that form when raindrops
hailstones can batter plants



Hair is the material that grows out of the skins of
mammals (see tr,t,tvu,tr-). The thickness, Iength,

and color of hair vary widely. Hair may grow onlv

on certain parts of the body, as it does in human

beings, or it may cover most of the bodv, as in ani-

mals such as sheep.

Some kinds of hair have special names. Fur is the

soft, densc hair that covers the body of anin"rals

such as cats and rabbits. Wool is the long, curlv hair

on animals such as sheep. Bristles are the short, stiff
hairs on anirnals such as hogs. Quills are sharp,

spiny hairs on animals such as porcupines.
'l'he main content of hair is keratin (see ruRqTtN).

Claws, nails, hooves, reptile and fish scales, and the

feathers of birds also consist of keratin. Each hair is

made up of a root and a shaft. -I'he root is a soft,

thickencd br-rlb at the basc of the hair. The shaft is

the rest of the hair. Each hair is anchored in a folli-
cle , a tiny sac below the surface of the skin. At the

very bottom of the follicle is thc papilla. 1'he

papilla is a tiny bump where new hair grows

rapidl,v. The papilla contains an artery (blood ves-

sel) that trourishcs the root of the hair.

Hair grows by lorming new cells at the base of the

root. As new cells form arourtd the papilla, the old

Hen
ones are pushed away and die. 'I'he new cells force

the rod of dead cells out of the folliclc. In this way,

old cells from the root become part of the shaft. In

most cases, only one hair grows from each follicle.

Hair continues to grow as long as the papilla pro-

vides nourishment for new cells. Many factors,

such nrs age, diet, and condition of the skin, influ-

ence the activity of the papilla. Climate and sea-

sonal change also affect the production of hair.

Durir"rg hot weather, nlanv man'rmals shed a large

amount of hair. During cold weather, they tend to

gain a thicker covering of hair.
-I'he color of hair comes from melanin. Melanin

is a brown or black pigment (colored substance)

deposited in the hair cells as they form in the root.

The presence or absence ol melanin is responsible

for hair color (sec PIcMENTAI-toN). As people grow

older, pigment is no longer deposited in the newly

forming hair cells. The hair graduallv becomes gray

or whitc. Some animals in snowy areas shed the

pigmented hairs of their brown sLlmmer coats iu

i;tlr.ii}ffirtr'

HAIR FOR$/ARMTH
The hairs in a polar bear's fur grow close together. The

resulting thick coat keeps the animalwarm in the freezing
climate of the Arctic.

; :r;:.*, &..r&l .{. .. **d:dtff*
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HAIR

Se ba ceo us
gland.

Ere cto r

muscle

Hair follicle
Pa p illa

PARTS OF A HAIR
The root of a hair forms a bulb inside a follicle, below the
surface ofthe skin. The shaft ofthe hair is made up of dead
cells pushed outward by new cells formed in the follicle. Tiny
muscles can pull on the rootto make the hair "stand on end"
when it is cold.

late fall. 'l'hey gain winter coats of white . This gives

them a natural camouflage against the snow (see

CAN{OUFLAGE). Baldncss rcsu.lts when the hair on a

person's scalpr is no longer replaced after it frrlls out.
Some disearses c:ln cause baldness. However,
baldness is determined largely by l-rereditl. (see

HIiRI:I)l'l Y).

Hair provides warmth, protects the skin, and

responds to touch. Hair retains warmth bv trap-
ping a la1.er of irir next to the skin. ln a colcl wind,
a person's body hairs "stand on end." Tiny mr-rscles

pull on thc roots of the hair to increase thc thicl<-

ness of the insulating layer of air. Hair also protects

animals by cLrshioning their bocly against blows. It
also, as mentioned, can provide a can-rouflagirrg col-

oration. Many mammals have tactile hairs, sr,rch as

cat's whiskers, that are vcry scnsitivc to touch.
'l'hese hairs help the aninrals leel their way through
narrow places or in dark places.

People make wide use of the hair ol mrtnv rrni-

n'rals. For exarrnple, the wool of sheep is spun into

yarn fbr garments and blankets, and rabbit firr is

made into felt. Manr.rfactllrers also use anirnal hair
to make carpets, stuffing fbr upholstery, bristles for
brushes, and many other proclucts.

SENSITIVE HAIRS

A cat's whiskers are long
hairs that are sensitive to
touch. They help the cat to
feel its way through narrow
spaces in the dark.
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HALF-LIFE n half-life is the lcngrh of time it
takes for half the atoms of er partict-tlar rmdioactive

substance to decay. For example, suppose 0.22 lb.

It00 g) of a ccrtain isotope has a half-life olsixteen

years. This means that in sixteen years, 0.1 1 lb. of
that 0.22|b. will have decayed. In anothet' sixtccn

years, 0.055 of the remaining 0.11 lb. will have

clecayed, ancl so ot'r.

This happens because the atoms of raclioactive

isotopes are unstable. This means that the atoms

decay, or break down, to nrake simpler atolns'

Vhen such aton'rs break dorvtt, thev give off
radioactivitv. l'he breaking down of any of these

atoms is by chancc. ln other words, the breakdowrt

of atoms has no pattern or system (sce AloN{; ISO-

TOPEi RAL)lC)A(.'l'l\/l'fY).

A certain mass (amount) of an iscttope at first

decays quickl1,. It contains many unstable aton'rs.
\Whcn many ol these atolns have dccaved, the isct-

tope decays less quicklv. It contains fewer unstable

atoms. However, the chance of any unstable atom's

decal,ing remains the same.

Stating an isotope's half-life is a useful way to

show the rate at which the isotope decays. 'l'he half-

life of some isotopes is less than one millior-rth of a

second. C)ther isotopes have half:lives of many mil-

lions of years.

HALIBUT A halibut is a flatfish belonging to the

family Pleuronectidae. It is the largest of the flat-

fishes (see Fl.A-l'lrlsH). Some halibut mav reach

lengths of about 12 ft. 13.65 m], though most of
those caught are much smaller. Halibut feed off
other fishes swimming close to the sea floor. Other
flatfishes feed strictly on the sea floor. There are

three North Anerican species of halibut: the

Atlantic halibut, the Pacific halibr-rt, and the much

smaller Clreenland halibut from the northern parts

of both oceans. The halibut is an in-rportant food

for people.

HALLEY'S COMET Halley's comet is a

famous, bright comet that passes through the solar

systern every seventv-six years. It is narned for the

L,nglish astronomer Eclmond Halley, who first cal-

cr.rlated the comet's orbit, or perth, aroltnd the sun.

When Halley's comet appeared in 1 910, thc

head of the comet was brighter than the brightest

star, and its tail stretched :lcross more than half
of the horizon. Halley's comet last appeared in

198(r. It is supposed to make its next aPpearance

in 2061 .

ffi.;ttff:il*,.,; a cutaway (top), has a core made

of frozen dust particles and ice, surrounded by a cloud of
cold vapor. ln 1986 it was photographed by the Giotto
spacecraft (bottom), which passed through the comet's tail.
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HALLUCINATION (ha loo'sa n.'shan)
People are saicl to have hallucinations when they see

or hear things that clo not rcallv cxist. People nlay

havc hallucinatior-rs if thev take ccrtmin drugs or
drink too much irlcohol, or if tl'rey are n-rentally ill
(see tvll.x't.lt It.t NESS). Being sick wirl-r a fbver, liv-
ing :rwav from other people lor a long time, and

being verv tired may a[so cause hallucinations.

HALLUCINOGEN (he loo'sa na jan) A hallu-
cinogen is a drug that causes the user to experience

hallucinirtions, or illrrsions (see IlAl.l.U(-lNAl'loN).

J'his means thc drr-rg user sees or hears things that
do not really exist. For exan'rple, the person may

see colors, shapes, or even peoplc that are not
realll. there.

Hallucinogens have been usecl for centuries in
many parts of the world as p:rrt of religious cere-

monies and to enhance meditation. In thc United
States, it is illegal to manufacture, distribute, or
possess hallucinogens exce pt for governrnent
research.

Hallucinogcns include lysergic acicl diethylarnide
(LSD), mescaline, and psilocybin. The expcrienccs

that these and other hallucinogens producc depend

on the drug, the amollnt used, the environrncnt in

which it is used, and the u.ser's personalitv. Some

users claim hallucinogcns provide pleasant cxpcri-
ences, while others say the experiences are frighten-
ing. The experiences arc referred to as "trips."
People unclcr the influence of hallucinogens may

harm themselves or others. The experiences may

also have lasting effects on uscrs, such as prolongecl

depression, recurring hailucinations, or even mcn-

tal illness (see onlnlsSION; ML-N r,{r It.r.Nl-.ss).

Halh-rcinogens are not addictive (see ADt)t(t't'tON).

Howcvcr, some users beconc psvchologically
dependent on hallr-rcinogens and clevelop an

increased tolerance to them. This means they must
use larger and largcr arnoLlnts of the drugs to
achieve the s:rme eflects.

HALOGEN The halogens arc a group of ele-

ments that have similar chemical properties. For

example, they are all nonnretallic. Thev are very

reactive elements. Thev have ir strong and

HAIOGEN
lodine is the heaviest of the halogens. tt is atio ttre onty
halogen that is a solid at ordinary temperatures. lt consists of
deep violet crystals (above)that look almost black.

unpleasant smell (see F.l.F\,,lF.NT). The four mein
halogens are fluorine (chernical svmbol F), chlorine
(Cl), bromine (Br), ancl iodine (l). A fifth element,

.rstatine (At), is groupcd with them, but it is rare,

r:rdioarctive, and very unstable. It has a half-life of less

than a rninute (see IIALF-l-lFF-).

Fluorine and chlorinc arc sreenish yellow girses.

Bromine is a brown liquid. Iodine forms purplish
bIack crystals. They are all corrosive substances (see

CORROSION). With mctals, they form compounds

called halides. Sodiurn chloride (common salt) is

the most common halide. With hl.drogen, the
halogens form strong acids, such :rs hydrochloric
acid. Becar-rse they are so reactive, they are always

lound as colnpounds. Fluorine is the nrost rcactive

halogen, and iodinc the le:rst reactive.

See rt/so (lHtN.llCAl- Rt-A(l'l'lON; HAI.C)N.

HALON Halons are chemicals n'rade by combin-
ing hvdrocarbons with halogens. Halogens are a.

groLrp of elements that have similar chemicalprop-
erties. Thc four main halogens are bromine, chlo-
rine, fluorine, and iodine. Hydrocarbons are

compounds that contain only the elements hvdro-
gen ancl carbon (see (loMl'()LiNl); HALOCII.N;

HYDRO(.ARIION). Halorrs have the ability to displace

air. That is, they renlove oxygen from the air. They
are easily compressed, which makes thern good
propellants. 'l'hey are also nontoxic (nonpoiso-

nous). Because of these properties, Halons have

been used in some fire extingr-rishers.

s
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Halorrs have been for-rnd to be harmfr-rl to the

environment. For example, when fire extinguishers

are used, Halons drift into thc earth's Llpper strato-

spherc (see AI l\lost'tIF.ttF). Once there, the halogcns

irre freecl bv the sun's ultraviolet rays. 'l'hev then

destroy the ozone laver (see ()1-oNIr t.,rvl.u.). 'l'he

ozone layer protects orgar.risms from the harmfirl

eflects of the sun's ultraviolet rays. Bccause of their

harmflrl effects, the U.S. govcrnment has orclered

that Halons be phased out bv the ve:rr 2000 as part

of the (lle:rn Air Act.

HALOPHYTE (h.'rl'a ftr') Halophyres arc planrs

that grow in salty soil, usually on coastal clunes ancl

salt marshes, although sorne can be for-rr-rd far

inland. 'fheir cells ancl tissues have very concen-

trated sap, with a high osrnotic pressure that helps

them to absorb water fiom the salt-laden soil (see

oSMOSls). Manv of thc plants also have fcatures

that help thenr tcl conserve their hard-won water.

They often have fleshy, waxv leaves and hairv
stcms. In this respcct they resemble marrv desert-

HATOPHYTE

Sea lavender is a

salty soil.

HAM

living plants. Common halophvtcs include saltwa-

te r corclgrass, aspirragus, ancl members of the goosc-

fbot f;rnilv (see (;()()sF-Fo()l l-ANJIt)').

HAMMERHEAD SHARK A h:rr'rnerhead

sl-rarl< is rl salrwater fish tl'r:rt belongs to the famih'

Sphvrnidac. It is callecl harnmerhcarl bec.rurc its

head is shaped like :r han'rn-rer, u,ith its eves at the

cnds of the han'rnre rlike sicles. Aprart from its
strange-looking heacl, the h:rnrn.rcrhead shark is
similar to other sl'rarks. lt prorvls shallolv, w.lnr
seas, sometimes r,v:rnclcring inro cooler regions irr

sumn)cr. It eats invertclrratcs (anirnals withor-rt

backbones) ancl other creiltures such as flournders,

skates, and ravs tl-rat live on tl'rc bottom of the

ocean. A hammerheacl is one olthe ferv sl-rarks that

is knorvr-r to attack humans. Thcrc are flve spccies

fbund off North America. All species are fcrund in

rhe Atlnntic C)cean. Two of rhe species are also

found in the Pacific C)cean.

See ako SlIARK.

HAMMERHEAD SHARK

The hammerhead shark is a fierce hunter of animals that live
near the bottom of warm seas. lt has been known to attack
huma ns.

FIAMSTER Hamsters are small rodents of the

familv Cricetidae. All hamsters have pouches in
their cheeks where they can put food until thei' find
a place to store it. Hamsters are native to Eurasia.

The two best-known species are the colrmon or

European hamstcr ancl the golden hamster.
halophyte-that is, a plant that can grow in

6/



HAM

The cornn'ron hanrster is rrbout 8 to l2 in. [20 to
30 cnr] long ancl lives in burrows. It feecls at nighr,

eating nrostlv vegetrrble marter ancl grain. Ir alscr

mlr),elrt sorne insects ancl frogs. The conrrnorr hirm-

ster is considcrecl a pest by frrrnrers.

TI're eolden hrrmster is about (r to 8 in. [1 5 to 20

cnrl long and weighs erbout 4 tct 5 oz. Ill0 to 140

B]. The golden hamster is a popr-rlar pet. Although
it was originally described in I839, little was

known about rhe goldcrr h:rmster unril 1930, when
a fem:rle ancl twclve yollng were found in Syria, in
the Micldlc East. All domesticatcd golclen hamsrcrs

havc descended frorn this single litter.
See also R()l)t-.N'l-.

HAMSTER

The common hamster can carry a great deal of food in its
cheek pouches.

HAMSTRING -t'he hamstrings are a group of
powerlul muscles at the back of cach of the thighs
in human beings. They are attached at one end to
the hip bone and at the other end to rhe rwo bones

in the lower half of cach leg. $Zhen the hamstrings

contract (shorten), they cause the knee to bend.
This is just one of the movemenrs that takes place

during walking.

HARDNESS One of the methods used to iden-

tifi, minerals is the hardncss test. This was dcvised

by Friedrich Mohs, a German mineralogist. In
1822, Mohs drew up a list of common minerals.

He placed the names of the minerals in order of
hardness. Each mineral in the scale can scratch all

other minerals with a lower number. The list is

known as Mohs scale.

MOHS SCALE

Hardness Mineral Simple hardness test
Ta lc Crushed by a fingernail
Gypsum Scratched bV a finqernail
Ca lcite Scratched by a copper coin
Flu o rite Scratched bV qlass

Apatite Scratched by a penknife

Feldspar Scratched by quartz

0uartz Scratched by a steel file
To paz Scratched by corundum

Corundum Scratched by diamond
10 Dia mond Hardest natural substance

Mineralogists often carry around a box contain-
ing pieces of the above minerals for testing sanrples

in the ficld. For example, if they find a mineral that
is scratched by fe ldspar but not by apatite , its hard-
ness lies between 5 and 6 on the hardness scale.

Hardness of metals is often tested in inclustry.
\When materials must be accurately tested, as in the
manufarcture of tools. machinists use an insrrume nt
called a sclerometer. The sclerometer registers the
force required ro dent or scratch the matcrial with
a stylus (pointed instrument) of diamoncl or bora-
zon (a compound of boron and nitrogen).

ACTTVITY Testing hardness

lf you do not have a full set of hardness minerals, you
can use everyday objects to test hardness. Try it
yourself. Your fingernail has a hardness of about 2.5,
a coin is about 4, glass is about 5.5, and a steel file is
about 7.5. lf a mineral can scratch a coin, but is
scratched by a piece of glass, then its hardness must
be between 4 and 5.5.

Caution: Handle the glass very carelully.
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HARE A h:rrc is a small, furry mammal with ears

and legs that are longer than tl"rose of a rabbit (see

NtA\.iMAl.; ITABBI'r). Both hares and rabbits belong to

the family [-eporidae. Hares may grow to a length

of 28 in. [70 cm] and a weight of 11 lb. t5 kg].

Thcy are usually brown, gray, or white in color.

Most h:rres havc snrall, bushy, white tails.

Unlike rabbits, hares tend to livc alonc. 'l'hey do

not dig tunnels, but rest during the clay in sheltered

beds of grass called forms. Hares are often seen

botrnding over thc ficlcls by day, but they are most

active at night. They are herbivores and they graze

on a wide range of plants including ccrcal crops.

Regardless of whcthe r the hare is asleep or awake,

its nose ancl ears are constantly on the alert for pos-

sible enemies. Some hares are ablc to use thcir pow-
erful hincl legs to rLrn as {ast as 40 m.p.h. [65 kph].

Most hares matc three or four times a year. Each

time, after a gestation periocl of about 42 days, the

female gives birth to a litter of one to five leverets,

or baby hares. Unlike baby rabbits, which are blind
and helpless, newborn harcs havc lur and can run

soon after they are born. Predators such as foxes,

weasels, and birds of prey usually keep the harc

popr-rlation under control. In some areas, though,
hur-rters have killecl many of these predators. As a

result, the hare population has grown rapidly.

Hares livc throughout North America and
Europe. The most conlmon turopean species is the

HARI-Jalbabbit
The American jackrabbit is actually a

the southwestern states. lt is always
huge ears detect the slightest sound.

hare that is common in

on the alert, and its

brown hare. It has brown fur with white firr on its
belly, and long ears tipped with black fur. In North
America, hares are often incorrectly called rabbits.

The snowshoc rabbit is a hare that changes its color
from brown in the summer to white in thc winrer
(see r)RO'r'L,c'r'rvL, cor.oRA'rox).'l'he jackrabbit

lives throughout rnost of the sollthwestern Unitccl

States. It is easily recognized by its huge ears.

HARMONICS Anything that vibrares pro-
duces harmonics. If you pluck a guitar string, it
vibrates. The string can vibrate in many different
ways. T'he string c:rn become shaped like a loop.

The loop moves back and forth across a line where

the string was originally. l'he string can also vibrate

so that the point in the middle stays still. 'l'hen, two
loops on either side move back and forth. If there

are two points keeping still, there are three equal

loops moving back and forth. These different
vibrations in one string are called harmonics. A
vibrating string usually has many different har-

monics at the same time. When the string is part of
a musical instrument, its harmonics give the string

its tone.
tJThen the string vibrates along its whole length,

the harmonic is called the first harmonic, or the

fundamental. If the string vibrates in halves, it is

called the second harmonic, and so on. The higher

the harmonic, the higher the pitch is. The funda-

mental has the deepest pitch. It is also the loudest

harmonic. Higher harmonics becon're softer.

HARE-Boxing
The male European brown
hare stands on its hind legs
and "boxes" with other
males during the mating
se a s0n.
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The nunrber and louc{ness of a tone s harnronics

dctennine the tinrbre (quality) of the tone. Even

when tlrev play. the sallre uote, different musical

instruments produce diffcrent sounds, largelv
because of their different timbres. Many rhings

besiclcs musical instrurnents procluce harmoirics.

For example, electric crlrrents can r.ibrate electri-

callv and procluce harmonics. @

HARMONICS

A vibrating string usually tras many diff erent harmonicJ at the
same time. When a string is part of a musical instrument, as
in this guitar, its harmonics give the string its tone.

HARTEBEEST The hartebeest is a large
African antelope (see AN fEl ol'F.). Because its shoul-

clers are much higher than its hindqLrarters, the

back slopes sharplr. to the rear. 'fhe hartebeest's

head is long and narrow. Its ears are large. Two
curving horns extend from a bony ridge high above

the e:rrs.

FIARTEBEEST

The red hartebeest ot souttrein Rtrica
its long, curved horns.

The red hartebeest olsouthern Africa grows from
4 rc 5 ft. [1.2 to 1.5 m] in heieht. It has a rurst-

colored coat witl-r a'uvhite patch at the rump. Red

hartebcests have become scarce. Swayne's harte-

beest oi Ethiopia ancl thc 'Ibra hartebcest, found in

Egl.p, ancl Etl-riopia, are considered endangerecl.

See a /so ENI)AN( ;t.RF.l ) SPL.(.lF,S.

HARVESTMAN The harvestmirn is a long-
legged arachnicl contmoulv called dadd1. lonelegs.
'l'he han'estrnan is relatecl to the sp,ider (see AI{Ai)ll-

NID; SPlDL.l{). lt differs from the true spiders in its
single body unit, lack of silk glands, and lack of poi-
son firngs. Harvestmen ,rre founcl in leaf litter ancl

among low-srou.ing vegetation. They feed rnainly

on other small anin-rals, dcad or alive, and also eat

plant nraterial. 'finy pincers on the head tear and

crush tl're food -so that it can be srvallou,ed. 
-l'herc

are about 5,000 knon n spccies, most often livine in

the tropical forests. T'he largest have bodies about

0.8 in. 120 mml long.

HARVESTMAN

A spiderlike harvestman feeds on a fly. This 0ne was
photographed in the Great Smoky Mountains in Tennessee.

HARVEY, WILLIAM 0578-1652) villiam
Harvey wirs an L,nglish doctor. He studicd at

Carnbridge, England, and at Padua, ltalv. His pro-

fessor in Itrrly r"'as Fabricius. Fabricius hac{ discov-

ered valves in the large veins of the hutnan arm.

Harvev showecl that these valves kept thc bloocl

flow'ing in one direction.

fJ80

is easily recognized by
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Harvey returned to London in 1602 and became

a hospital doctor. In 1616, he gave a series of lec-

tures about the circulation of blood in the body. He
had decided by then that blood must go from the

heart into the arteries. He also saw that it returned
to the heart through the veins. Until then scientists

had thought that blood just washcd around in the

arteries and veins. At first, Harvey's ideas were not
believed by other scientists. Harvev did not know
about the tiny capillaries that bridge the gap

between arteries and veins. However, before he

died, the capillaries were discovered, and Harvey's

ideas were accepted.

See A/so CIRC]UI-AI.ORY SYSTFN{.

HA$7K A hawk is a bird of prev that belongs to

the family Accipitridae. It is a flesh-eater and cap-

tures live lizards, snakes, small mammals, and

sometimes birds, fish, and insects for food (see ctrtR-

NtvoRE). Hawks have strong, sharp talons (claws),

which they use to capture and kill the prev. Hawks

also have sharp bcaks, which they use for tearing

the prey apart. Hawks have excellent eyesight, and

some of them soar high in the air in order to spot

animals on the ground. Thev dive from the sky to

capture the animals. Some hawks catch other birds

in full flight.
Hawks were once considered pcsts bv humans

because some of thenr ate farmers' chickens. Many

HAWK
Hawks, such as ttre reO-shoulOereO nawt anove, were 0nce
hunted ruthlessly because some of them preyed on farmers'
chickens. lt is now known that hawks are more helpfulthan
harmfulto humans because they eat large numbers of mice
and rats.

hawks were shot nrnd poisoncd. Because of this,

only a few hawks are cornrron toclav. tJ(/c l<now

now that hawks arc rnore helpful than harmftrl to
people. They eat many more rnicc and rats than

the1. do chicke.s.

HA'WKING, STEPHEN \TILLIAM
(1942- ) Stephen William Hawking is a British
physicist. He was born in Oxford, England. He
received a bachelor's degree lrom Oxford
University in 1962 and a cloctoral degree in phvsics

from Cambridge University in 19(16. ln 1980

Hawking was appointed the Lucasian Profcssor of
Mathematics at Canrbridge, a position once held

by Sir Isaac Newton (see NL-w't.oN, stR ISAAC).

Hawking's theories have helped connect twcr

basic areas of phvsics: Albert tinstein's thcory of
relativity and quantum mechanics. Quarntum
mcchanics deals with the structure of subatomic

particles and how they act. Hawking is most
famous for his theories regarding the existence ol
singularities. Hawking bclicvcs a singr-rlarity is a

black hole that has a diameter of zero (see IILACK

FIOLL; ElNS.l'hl\, ALBTI{I; I'}ARI tCLt PHYSICS; QUAN-
'l'Ulr'1'l'H L,ORY; RF.l.A-f IVITY).

\7hen Hawking was in his earlv twenties, hc con-

tracted amvotrophic lateral sclerosis (ALS). ALS is

a rare and incurable nerve disease. It is also l<nown

as Lou Gehrig's disease. ALS has left Hawking
r-rnable to move most of his muscles. He has slight
movement in his hernds and fingers. Unable to
speak, he communicates through a conrputer and a

speech synthesizer. A svnthesizer is an electronic

device that can procluce sound.

Hawking was inducted into England's Royal
Society in I974. His books include 'l'he Lttrge-Scdle

Strwcture oJ'Spdce-Time and A Brief History o.f Time.

HA\U7KMOTH The hawkmoth is an1'of several

species of large, powerful moths belonging to the

familv Sphingidae of the order l-cpidoptera (see

BUTTI.RFL-\' ANI) r\1OlH). Hawkrloths have stout
bodies with narrow, pointcd forewings and shorter

hindwings. Some species have winsspans of 5 in.

ll3 cm]. Hawkmoths fl1, verv rapiclh', some of
them in the claytime, and sone hover in lront ol
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flowcrs while lccding. These characteristics have

lecl to the moth's nickname, hummingbird moth.

They have a hollow, tonguelike proboscis, which is

uscd to suck t'rcctar fron-r thc flowers. The tongues

of some hawkmoths are about l0 in. [25 cm]

long-much larger than the body. Hawkmoths are

also called sphinx moths.

The caterpillar (larva) of the harwkmoth is called

a hornworm because it has a sharp, curved horn on

its rear end. The nrost comlnon North American

species are the tomato hornworm and the tobacco

hornworm. They niay grow to be 4 in. [10 cm]

long. Although the larvae may damage crops, the

adults are useful pollinators (see I'}ol.l.lNAl'loN).
'l'he larvac are controlled by insecticides and by

natural means. Rraconid wasps, such as Aparuteles

coltgr€gdtus, are r-ratural predators that lay their eggs

in the larv:re .

The cleath's hcad moth, fourrd in Europe and

Africa, is named for the skull-like pattern on its
wings.

HAWT(MOTH

The striking pattern on this hawkmoth from Trinidad scares
away birds and other predators.

HA\flTHORN -I'he hawthorn is any of several

species of small deciduous trees or shrubs belong-

ing to the genus Cratnegus of the rose family. The

stems have many thorns, and toothed or lobed

leaves. The flowers usually grow in clusters at the

ends of the stems. They have five petals and may bc

white, red, or pink. The fruits, or haws, resemble

small apples and n'ray be red, orange, blue, or black

(see DECII)LJOUS 'l lUrF,; ROSF. I-AN4lLY).

Thc English hawthorn is lrcquenth' plar-rtecl tcr

fcrrrn hedges because it grows verv quickl1,. It blos-

soms in Mai, and produces red haws. lts leaves

changc color, to rcd or vellow, befbre dropping ofF

in the fall.'I'he English hawthorr"r is also called n"rav,

mayhaw, red haw, or scarlct haw.

The downy hawthorn is a comnron Unitcd Statcs

species. It has white flowers and orangc haws.

HAWTHORN
Hawthorn blooms in the late spring. Deep pink flowers like
these are less common than the white-flowered variety.

HAY FEVER Hay fever is also known as allergic

rhinitis, pollinosis, or sllmmer catarrh. It is charac-

terized by sneezing, an itchy and ru.nning nose,

itching of the membrancs ol the mouth atrd eyes,

and redness of the eyes (conjunctivitis). It is esti-

mated that 50 million people are affected by hay

fever in the United States.

Hay fever is caused by an allergy to many sub-

stances, but chiefly to pollen (see ,tt-ll,Rc;r"). The

appearance and conccntration of pollen depencls

upon locality, season, ancl weather. Dry, sunnv,

summer conditions cause a lot of pollen to be in the

atmosphere. This pollen triggers hay fevcr.

Diagnosis is confirmed by use of a skin test, in

which some pollen is injected under the skin to see

if a hive forms (sec HlvEs).If it does, this shows an

allergy. Although the ideal treatment would be to

remove the allergy-causing agent from the air, this

is impractical in most cases. Most pcople with hay

fever need to take a drug, such as an antihistanrine

or corticosteroid, to reduce the itching (see aN't l-

HIS'IAMiNE; STF,ROID).
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HEALIH Health is a state oF boclily well-being.

A healthy person is free frorn disease and also has a

body that is fit. Goocl health also memns having a fit
mind and a good outlook on life. A healthy person

has the ability to get along with other people ancl to

cope with thc stresses of daily life. Good health

depends on taking care of one's body. Proper food,

plenty of exercise, cleanliness, ar-rd proper rest and

relaxation are all importrrnt in maintairring good
hcalth. So are regular meclical and dental
checkuprs. J'hese help ro maintain the body and

rnind in a fit conclition so they :rre better able to
resist diseasc.

Many commtrnities have public health depart-
ments whose air-n is to maintain good health among

people. Among the dutics of the public health
clepartment are thc provisior-r and maintenance of
safe rvater sr-rpplies, the removal of sewage and

other hazarclous wastes, and the provision of
immunization programs and other ways to combat

transmissible diseases such as malaria.

See n/so HY(llL,NL..

HEAI-TH

A person's health can be checked during physical exercise.
Here a doctor measures a man's blood pressure while he
pedals an exercise bicycle.

HEARING AID A hearing aid is an electronic

device that improves a person's ability to hear.

Many people who are deaf and hard-of-hearing
depend on such a device.

There are rwo general types of hearing aids: air-

conduction aids and bone-conduction aids. The
air-conduction aid amplifies sound and brings it

HEA

directly to the ear. Some people, however, cannot

use this type of hearing aid because they cannot

receive sound waves through the inner and outer
ear. These people use bone-conduction aids that
bring sound waves to the bony parts of the head

behind the ear. The bone transmits the vibrations
to rhe cochlea (see EAR). Hearing becomes possible

when the nerve cells of the cochlea are stimulated.

Hearing aids today are basically electronic devices

that resemble mini:rture telephones. They consist

of a n-ricrophone, an amplifier, a receiver, and a bat-

tery power supply. I-he receiver fits in the ear, in the

case of the air-concluction type, or behind the ear,

for the bone-conduction v:rriety. Hearing aids are

compact and easy to carry and conceal. New meth-
ods of electronic rniniaturization have macle it pos-

sible to design hearing aids small enough to fit
within the ear canal. Researchers have recently
developed an electronic implant for the cochlea

that enables people who are deaf to hear loud
sounds such as sirens and automobile horns.

Air-condr.rction aids and bone-conduction aids

have been used for many years. The principle of
bone-concluction was known in the 1600s. The ear

trumpet, a simple hornlike device, was usecl to
improve hearing even earlier. In the late 1700s, the

audiphone was invented. It was a device shaped like
a fan. Users held the eclge between their teeth, and

bent the fan towards the sound. The sound vibra-
tions traveled from the teeth to the jawbone, the

skr-rll, and the auditory nerves.

ln 1872, Alexander Graham Bell began experi-

menting with electric devices that would help chil-
dren who were deaf to hear. Although he never

invented a hearing aid, his work did lead to the

development of the telephone (see BELL, ALEXAN-

l)F.R GRAHAv). The first electronic hearing aid was

developed around 1900. It was bulky and inconve-

nient to use. The vacuum tube aid was the next

type to come along. It consisted of a crystal micro-
phone, a vacuum tube amplifier, and batteries. In
1953, the electronic trarnsistor hearing aid was

introduced. It completely replaced the vacuum
tr-rbe aid because it was much smaller and less

expensive to operate. This is the rype in use today.

See AIso TRANSISTOR; VACUUM TLIBE.



HEenr
Th. h."r, is an organ that pumps blood around

the body of many animals, including humans.

The human hearrt is about the size of a closed fist.

It lies in the chest between the two lungs. It is not
in the center of the chest. Instead, it lies just a lit-
tle to the left side of the bodv. The heart is hollow
and divided into four chambers. J'he walls of
these four chambers are macle of powerflrl n'ruscle.
tWhen the rnuscle in the walls contracts (short-

ens), it makes the chambers smaller. This squeezes

the blood out of the heart into blood vessels called

arteries (see aR'tRRv). In the human heart, a wall
of muscle completelv separates the right and left
.sides. Blood in the two sides cannot mix. The two

sides of the heart work together. E,ach pumps

blood through its two chambers at the same time.

The right side pumps its blood to the lungs. The
left side pumps its blood to all other parts of
the bod.v.

The two lower chambcrs of the heart are called

ventricles. The left ventricle has very thick walls of
muscle. It is the most powerful pumping chamber

of the heart. It pumps blood into a large artery

I
Superior vena

-J'

Right atrium

lnferior vena
cava -

called the aorta (see aonra). The aorta branches

out into many smaller arteries. The arteries carry

blood that is rich in oxygen to all parts of the

body. The left ventricle releases its blood into the

arteries in rapid squirts. These squirts of blood
make the pulse that can be f'elt in some artcries
just beneath the skin (see PULSI). As the blood
travels around the body, it gives up its oxygen and

picks up a waste chemical called carbon dioxide.
The blood then has to be returned to the right
side of the heart. From there, it can be pumped to

the lungs to pick Lrp oxygen. Blood travels back to

the heart through blood vessels called veins (see

vEIN). The veins empty their blood into two large

vessels called venae cavae (plural of uena caua) (see

VENA CAVA).

The venae cavae empty bloocl into an upper

chamber of the heart callecl the right atrium (also

callecl the right auricle). The right atrium contracts

and squeezes blood into the right ventricle. The

right ventricle forces its blood into a blood vessel

called the puln-ronar,v artery. The pulmonarv artery

takes blood to the lungs. In the lungs, the blood

Pulmonary artery

ft atrium

Left ventricle

A DOUBLE PUMP

The heart is like two pumps
side by side. The right side
(on the left of the diagram)
receives deoxygenated
blood from the veins. The
left side pumps oxygenated
blood into the arteries.

.; .-.
j ' :,*1-
4 ..j ./
L.- .'
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ONE COMPLETE HEARTBEAT

{1) Blood from the main veins (blue) and from the f rngi (rrd)
flows into the upper chambers, called atria. (2) The atria
c0ntract, forcing the blood into the lower chambers, called
ventricles. (3) The ventricles contract, forcing the blood into
the a0rta (leading to the body's arteries) and the pulmonary
artery (leading to the lungs).

loses its carbon dioxide. This is breathed out. At the

same time, the blood takes up more oxygen (see

LUNct). \When the blood is rich in oxygen, it is car-

ried to the left sicle of the heart. It is carried in
blood vessels called the pr-rlmonary veins. 'l'he pul-
monarv veins emptv blood into the left atrium
(also called the left auricle). The blood then passes

into the left ventricle. It can now start its long jour-
ney around the body again. The blood has to keep

flowir-rg in one direction only. The heart has valves

(flaps) that keep the blood from flowing backward.

Therc are valves berween the atria (plural of atrium)

and ventricles. There are also valves at the exit from
each ventricle.

The brain stem regulates heartbeat (see nnttN).

Sometimes the heart gets messages that make it
change the speed of its beat to go faster or slower.

These mcssages can come from special nerve signals.

They can also come from hormones, which are spe-

cial chemicals carried in the blood (see HoRvoNE).
T'he part of the heart somctimes called the "pace-

maker" has the job of starting each heartbeat, set-

ting the pace of the beat, and causing contraction of
the heart muscle. The pacemaker lies between the

rwo atria. It is in a small group of muscle cells that
send out regular electrical signals. In response to

these signals, the atria and ventricles contract. The

HEART

atria always contract just before the ventricles. The

contraction of the chambers is called the systole.

The short period of rest that follows is called the

diastole. 'l'he systole and diastole repeat alternately

throughout the life oF a person. In a healthy adult,

the heart usually beats about 70 times a minute.

During very hear,y work or other exercise, the heart

may beat more than 140 times a minute.

See d/so CIRCULATORY SYSTEM: HLARI'DISEASI,.

Ve ntric le

Amphibian

Bird,
mammal

Among vertebrates (animals with backbones), the heart varies
in complexity. lt is simplest in fish, which have a two-
chambered heart with one atrium and one ventricle.
Amphibians have a three-chambered heart, with two atria and
an undivided ventricle. A reptile's heart has four chambers, but
the ventricles are not completely divided. Birds and mammals,
including humans, have four-chambered hearts.

*

HEARTVARIATIONS
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HEART DISEASE The heart is the hardest-

working organ in the human body. We rely orr ir to
work efficiently every moment of every day. Any
disorder that stops it pumping properly can be a

threat to life. Heart disease is very cornmon. More

people are killed every year in the United States by

heart disease than by any other disease. There are

many kinds olheart diseasc. Several of these kinds

are discussed below.

Congenital disease A congenital disease is one

that a person is born with. Most babics are born
with healthy hearts. However, in about one irr every

two hundred babies, something goes wrong.
Sometimes a valve grows with the wrong shape. It
may be too tight, or it may fmil to close properly.

Sometimes a gap is left in the septunr (wall)
between the two sides of the heart (see Htnn't').
This is often called a septal defect. 'When a baby's

heart is poorly formed, it cannot work efficiently.

The blood does not pick up enough oxygen. As a
result, the blood becomes purplish, and the baby's

skin looks blue. Fortunately, it is now possible to
save the lives of many "blue babies."

Rheumatic disease The disease called
rheumatic fever may cause harm to the heart.
W'hen rheumatic fever occurs, it usually does so in
a young person who has had a sore throat caused by

bacteria called group A Streptocotz'i. 'l'he tissues of
the heart become inflarned. If it is badly affected,

the heart fails. Usually, it recovers. However, the

results of the danrage may show years later. The
valves of the heart may be left with scars. As a result,

they cannot work properly. This puts a strain on

the heart. Evcntually, the heart may fail (see

RH F.UMA l'l(l F trvER).

Atherosclerosis, hypertension, heart
attack The arteries that supply blood to the
heart itself are called the coronary arteries. They

givc thc hea.rt muscle the oxygen it needs to carry

on its work.
The disease atherosclerosis, the most common

kind of arteriosclerosis, can affbct the coronary
arteries. In atherosclerosis, the walls of the

arteries become thickened and less elastic, and the

insides of rhe arteries become roughened and nar-

rowed by the accumulation of hard material called

plaques (see ART'F.RIOS(.1.I--ROSIS). If this happens in
the coronary arteries, the narrowed, hardcned

arteries carry less blood to the heart than they

should. One result may be pain in the chest known

as angina pectoris. In addition, the roughened

artery walls, togethe r with the slower flow of blood
thror.rgh the arteries, can cause a blood clot to
form. If such a clot occurs in a coronery artery and

the artery becomes blocked, part of the heart

HEART DISEASE

Heart surgeons today are
able to correct what, in the
past, would have been fatal
heart problems. ln some
cases, the hearts are
repaired. ln others, the
damaged or diseased
hearts are replaced with
healthy ones. Aorta
replacement surgery is
shown at left.
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muscle dies. 'l'he person has a "heart attack,"
rvhich can bc fatal.

'l'he disease hvpertension, also known as high
blood pressllre, can increase the risk of a heart
attack. (tslood pressrlre is the pressure that the

blood excrts :rsaitrst thc walls of tl're arteries as it
travels tl'rrough them.) Hvpertension may have

luo svmptolns, so a pcrson may not be aware of
having it unless the blood pressure is measured.

Treatment and prevention Since the mid-
1960s, nreclical scicnce has made tremenclou.s

progrcss in thc trcatmcnt and prevention of
heart disease. Foremost among the newer drugs are

a family of compor-rrrcls carlled beta adreno-
ceptor blocking drugs or, sinrplv, beta blockers.

They control thc suclden rushcs in blood f-low that
rnay be caused bv pain, emotion, or phvsical
activity. Thc bcta blockers lessen the aftcreffccts of
heart attacks, can prevent second attacks, and

can lower the blood presslrre of people who have

hvpertension.

Surgical techniques have also progressed rapidly.

In I982, the first completely n'rechanical heart was

irnplanted in a person. The patient lived for 112

days and died from other problems. Heart trans-

plants, first performecl in 1967, are no longer con-

sidered experimental. In transplant surgery, the

healthy heart of someone who has died replaces the

diseased heart ofanother person.

Surgeons are also able to implant mechanical

devices in people's bodies to keep their hearts fr-rnc-

tioning. The artificial pacemaker is the most com-

mon of these devices. It does not heal the diseased

heart, but it relieves the symptoms of an irregular
heartbeat, maintaining the steady beat needed for
normal living. Artificial valves of plastic and metal

may also be used to replace faulty heart valves.

Bvpass surgery is usecl to repair clogged or dam-

aged coronary arte ries. Doctors use part ol a

patient's own vein, often from tl-re leg, surgically

implanting it near the heart to route blood around
the blockage.

Another medical techniqu.e, called angioplasty,

clears blocked coronary arteries. The technique
involves the use of a catheter, which is a narrow

HEA

tube, and a tiny balloon (see AN(;IOI'LAS I Y).

Preventive care is also getting better as scicntisrs

learn more ancl more about the causes of heart dis-

ease. A diet high in saturated fat and cholesterol can

itrcrease the risk for atherosclerosis and heart
attack, so doctors stress the imporrance of a dict
low in fats. 

-l'he sodium in table salt is known to be

hazardous for persons who have hypertension, scr

doctors also recommend rcclucing sodir-rm intake
(see Dll.t). Other factors are also linked to heart

disease. These include stress. lacl< of exercise. exces-

sive weight, and smoking.

See also CIRULAI'ORY SYSI'L,NIi S'l ROKL.

HEART\flOC)D Heartwood is the central part

ol a tree trunk. It is made up of dead, non-
functioning cells that contain tannin and other
chemicals. 'I'hese chemicals make the heartwood

appcar darker than the surrounding sapwood.
Sapwood is softer than heartwood and is made up

of living cells.

Heartwood is vcry strong and resistant to decay.

Each year, one or more layers of sapwood cells are

converted into heartwood. Heartwood is somc-

times called duramen.

.See a/so 1-RY.l..

Bark

Sa pwood

HEARTSTOOD

Heartwood

The heartwood is the central, hardest
surrounded by soft sapwood, which is
covering of bark.

part of a tree trunk. lt is
protected by an outer
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All -"tt.t contains heat. Heat is a form of cnergy.

The heat energy present in any object is connected

with its temperature. If the object gains heat

energy, its tempcrature rises. If it loses heat energy,

its temperature falls. 'I-here is an important differ-

ence betwccn heat and tempcrature. The amount

of heat energy depends on the amount of matter

present. For exanrple, a heated swimming pool
contains much morc hcat than a pan of boiling
water, cven though tl-re pan has a higher tempcra-

ture. This is because there is much more water in
thc swimrning pool than in the pan.

All matter is made up of tiny particles called

atoms. In most substances, thcse atoms are gror-rped

together in molecules. A molccule is the smallest

collcction of the atoms in a substance that can exist

in a free (isolated) state. The molecules in sub-

stances are continnally rnoving. Movemcnt is a

form of energv. It is called kinetic energy. 'fhe heat

energy in matter is the total kinetic energv of all its

moleculcs. The temperaturc depends on how fast

the rnolecules arrc moving (see ATOM; MOLECULIT;

KlNF.l'l(- I-.NI-.R(;Y). Temperature is measured by a

thermometer it'r units of clegrees Fahrenheit or

Celsius. Heat energy is neasurccl in calories or
joules (see ciAI c)RIF.; Jt)Lrt-E). It is measured by an

instrument callecl a calorimeter.

As the tempcrature of a substancc drops, its mol-

ecules move more slowly. Eventually, a point could

KINETIC THEORY

The kinetic theory of heat states
that, at anytemperature above
absolute zero, the atoms in any
substance are constantly vibrating.
ln this metal bar heated at the
lower left end, the "hot" atoms
vibrate vigorously. They pass on
their vibrations to neighboring
atoms. ln this way, heat travels
alonq the bar by conduction

be reached where the molccules would stop n-roving

altogether. The temperature at this point is called

absolute zcro. At absolutc zero, the substance has

no heat energy at all. In fact, though scientists havc

cooled substances to within a fraction of a degree of
absolute zero, no substance can be cooled down to

absolute zero. Matter always contains some heat

energy (see alsclt.uTE ZF-RO).

Heat has two comrnon effects on a body. One is

that it can cause bodies to change their statcs. For

example, it can turn a solid into a liquid, such as ice

into liquid water, or it can turn a liquid into a gas,

such as liquid water into stearn. ln a solid, the mol-

ecules are kept at fixed points by forces acting

between the molecules. The molecules can only
movc a short distancc about their fixed points.
'l'hey cannot move through the whole oFthe solid,

r-rnlikc the molecules in liquids and gascs. As the

temperature rises, thc molecules move farther away

from their fixed points. Eventually, they can move

so far away that the structure of the solid brcaks

down and becomes a liquid.
In a liquid, the forces benveen the molecules still

have some effect. That is why a liquid has a definite

volume. However, the molecules are not held to any

one place. l'hey can move freely throughout the liq-
uid. Then, as the heat increases, the liquid turns

into a gas. The molecules are ablc to move too fast

for the f<rrces berween them to have much effect.

Another effect of heat is that it causcs substances

to expand. When molecules move faster, they take

up more room. Therefore, the hotter the substance,

the larger its volume. Solids and liquids expand

only a very little with increased tcmperature. (lases

expand much more.

Sources of heat Many chcmical reactions pro-

duce heat. These reactions are called exothermic

reactions (see C:Untr,ttr.AL RL,ACTION; F.XO'['HL,RMl(l

REAC'|ION). An example of an exothermic reaction

is the burning of a fuel. When a fuel burns, it com-

bines with the oxygen in the air. This reaction gives

off a large amount of hcat.

One form of energy can be converted into another

Cond u ction



HOW HEAT TRA\'ELS

A metal rod dipped into
water in a beaker heated on
a hot plate shows three
ways in which heat can
travel. The hot plate gives
off heat into the

ConOrctio, h 
"

form. Heat can be produced from several diflerent
forms of energv. For example, heat can be produced

bv friction (see ltttcttclN). Whcn two objecrs are

rubbed together, energy is needed to overcome the

friction bctween them. This er-rergy is couverted

into heat, and tl-rc obfects become warm. The most

important source of heat is the sutr.

HEAT

and rises. This causes convection currents in the air.

Winds and currents in the sea are partlv caused by

convection currents. They are caused by one part of
the atmosphere or the sea being hotter than anothe r

part (see CONvF.CTION). Heat can also travel with-
out matter being present. It travels in the forrl of
infrared radiation. This is how the heat fronr thc sun

reaches the earth through space. \When infrared

radiation l-rits an object, it heats the object r-rp.

Infrared radiation is given off b1. the atoms and

moleculcs of all hot objects (see INFRARF.D RAY).

THERMALS

near the ground is also warmed
It expands and becomes less
dense. The lighter air rises.
The rising air is called a

thermal. Many soaring
birds, such as birds of
prey, use thermals to
climb without
flapping their
winqs.

History of heat Belore 1800, scientists thor.rght

of heat as a fluid. Thev called the fluid caloric.'I-hen

a number of scientists de monstrated a connectiot-t

between heat and energy. The most inrportant oF

these scientists was a British physicist, Jamcs Joule.
He showed that a falling we ight can heat rvater. He

concluded that some of the kinetic energy of thc

rveight was convertecl into heat (sce iOLlt.t., l'\NlL.S

PREsco't'l ). At the same time, John Dalton, British

chemist, put fonvarcl his atomic theorr'. His theorv

said that all matter is made up of atonrs (sce l),\L-

TON, lotlN). In time, scientists combined these tu,o

theories :rnd other knowledge, and concluclccl tl-rat

heert is caused bv the motion of atoms or molecules.

See ako fHIrR\{ODYNANIl(.S.

Y

t"'1'.

surrounding air by radiation.
The water in the beaker
moves around by con-
vection, with the warm
water rising as cooler water
sinks. Heat moves along the
rod by conduction, from
the heated end to the &.
unheated end.

{x *
Radiation S l|

Movement of heat Heat can travel by three dif-
ferent methods: conduction, convection, and radi-

ation. ln conduction. the hcat is transferred from

one atom or moleculc to another. In this way, heat

moves through a substance. Conduction occurs in
solids and in liquids. Ir also occLu's in grlses to a

small extent. Suppose a person puts a metal

cooking pot over a flame. The handle of the

pot bccomes hot, even thoLrgh it is not in the flame.

The atoms in the part of the pot nearest the flame

become hot and start to move quicklv They collide

with atoms nearby and pass on some of their energy.

The energy is slowly transmitted farther away from

the flarne. In this way, all of the pot becomes hot.

Somc solids, such as plastics, do not transmit much

heat. Thev are called itrsulators. Other substances,

such as metals, transmit most oltheir heat. They are

called conductors (see c.clxtlt](-TION, HEAI').

In convection. heerted nratter nloves from one

point to another. Convection can occur in both

gases ancl liquids. It does not occur in solids. As an

example, the air arouud a fire becomes heated. As it
becomes heated, it expancls. The air becomes lighter

/
k J-
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)
I

I Convection
I
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Bird's flight
path

Thermal

+

The ground is warmed by heat from the sun during daytime. Air
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HEATH FAMILY The heatl'r familv, F,ricaceae,

contains trearlv 1,350 plant species. Many of these

are evergreens (see l:vl'.R(lRt'-trN). 
-l-hese 

plants are

fbund in tcnrperate climates atrd in high elevations

of the tropics. 1'hev grow best in sand\', acidic soil.

Well-known members of the heath family include

thc rhododendrot't, t-nountaitr la.urel, azalea, blue-

berry, and cratrberrlr

HEATH FAMILY

nf,oOoO.nOrons (top) unO erltus, or heathers (bottom), are

evergreen members of the heath family.

HEAT SHIELD A heat shield is a covering on

the nose cone of a rocket or the body of a space-

craft. It may be made of various materials, such as

carbon, tungsten, or ceramic tile. The shield pro-

tects parts of the spacecraft, including the

astron.luts ancl instruments, from thc extreme heat

that is prodr-rced when the cralt reenters the earth's

trtmosphere from space.

As a returning spacecrarlt enters the atmospl-rere,

it hits air molecules. 'I'he molecules cause fiiction,
which proc-luces heat (see HlrA'l'). 'l'he farther the

crirft cnters thc atmosphcre, the rnore molccules

thcre are. Tl-rerefbre, the Friction is greater, and the

heat becomes more intense. A thermarl protection

system ('fPS) is thereforc necessarv tc'r control the

temperature.

The most common hear shields are called ablative

shields and heat sinks. Ablative shiclds burn up and

melt, and thr,rs they vaporize in the extreme heat.

The air stream carries the hot gases and vapors and

molten particles away lrom the spacecrerft. Heat

sinks absorb heat and thus prevent it from reacl'ring

important areas of the craft.

In early 1981, a major developrnent irr space

transportation began when the space shttttle
Columbia was launched in Florida. The Columbia

was the first reusable spacecraft and so required a

thermal protection system that could be reused. A
reusable surface insulation (RSl) made of ceramic

tile was developed. These tiles resist telnperatures

HEAT SHIELD
Here thermaltiles are being applied t0 a spacecraft. The tiles
form a heat shield that prevents the craft from burning up
from the heat caused by friction with the air when it reenters
Earth's atmosphere.
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of more than 8,000"F 14,425"C1. A special shield

made of glass fibers replaced the standard ablative

shield used in previous craft. In acldition, a special

carbon material was used for the nose atea and thc

leading edges of the wings-areas that are most

affected by heat.

More than 150 tiles were lost during Colurubir*

first flight, but the mishap did not harm the craft.

The tiles that were left kept the heat low enough,

and there were no burn-throughs where the miss-

ing tiles were. \7hen the Columbia was launched

the second time, in November, 1981, only 12 <tf

the tiles werc lost.

See dlso SPACL, L,XPI-ORA.]-ION.

HEAVY ELEMENT Heduy element is a tcrm

commonly used in nuclear phvsics to describe ele-

menrs with liigh atomic numbers, such as uranium
(atomic number 92) and plutonium (94). If one

element is said to be heavier than another, this

often indicates that it has a higher atomic number.

S ee a /s o F,l-F,N'l L,N'l'.

HEAVY \7ATER \7ater molecules each con-

tair-r two atonls of hvdrogen and one of oxygen.

l-his is written H.O. Hydrogen has an isotope

called deuterium (see Iso't'ol't). Deuterium has

the same chernical propertics as hydrogen and

can replace hydrogen in its compounds. (A

compound is a chemical substance made up of
two or more elements.) If deuteriunr replaces the

hvdrogen in water, then heavy water is formed.

Heavy water is also known as deuterium oxide,

and its formula is D,,O. Heavy water occurs

naturally in small amounts. About I part in

HEL

4,500 parts ol ordinary wate r is he avy water.

Deuteriurl is heavier than ordinary hydrogen.

This makes heavy water heavier tl'ran ordinary
water. One cubic centil-neter of water weighs 1

gram at 6B'F [20"C]. The same volunre of heaw

water at that tempe rature weighs 1.1 grams. Its

freezing and boiling points are also slightlv diftbr-

ent. \7ater freezes ar 32'F [0"C] and boils at 212"F

[100"C]. Heavy water freezes at 38.B'F [3.8"C1
arrd boils at 214.5"F Il 01 .4'C].

If an electric current is passecl through water,

hydrogen and oxygen gases are given off. This is

called electroylsis (sce F.l.E(i'l-ROl-YslS). If the water

contains some deuterium, then it too is given off.

However, deuterium is given off more slowly than

ordinary hydrogen. As the current flows, the watcr

becomes richer in hear'1. water. 'I'his is how heavy

water is obtained from ordinary wate r. Hear,y water

is sometimes used in nuclear reactors to control the

reaction. It is also used to keep the reactor cool.

See a/so DT,UTERIUN{: F,I,FMF-N'I.; NUCLIAR E,N[,RC]Y.

HELICOPTER A helicopter is an aircraft that
is lifted into the air and kept flying by a number of
horizontal blades. These blades together are called

the rotor. They rotate (move around in a circle)

very fast and allow the helicopter to fly in any direc-

tion through the air. The rotor takes the place of
both the wings and propellers of a regular fixed-

wing aircraft. Helicopters can fly straight Lrp or

HELICOPTER-How it moves

A helicopter moves by changing the pitch, orthe angle, of its
main rotor blades. (1)A sharp pitch makes the aircraft move
up. A medium pitch lets it hover. Changing the pitch on the
rear blade makes it move forward (2) or backward (3).
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down and do not neecl a runwav. They can also fly
forrvirrd, backward, or sideways, or they can hovcr

in one position. 'l'his is all clone bv altering the

pitch of the blades. The pitch is the angle at which
tl'rc blaclcs are sct. If thc bl:rdcs lie flat, the heli-
copter moves downr.vard. If thev are pitched up,

then the helicopter moves trpward. Bv tilting the

rotor, the helicopter can be steered in the clesircd

direction.
Some helicopters also have a small, vertical rotor at

thc bacl<. This hclps stabilize the l-relicopter. As the

main rotor rotates, its motor tends to caLrse thc heli-

copter to rotate in the o;'rposite direction. l'he tail
rotor r,vorks against this rotation and prevents it lrom
ha;rper-rine. 'l'he tail rotor also allows thc l'relicopter

to change direction. Some large helicopters have

rwo, or evcn four, rnain rotors and no tail rotors.
'l'hese rotors spin in opposite clirections. 

-l'his 
cancels

out the nvistit'rg eflect of e:rch rotor. Therefore, no

tail rotor is needed.

HELICOPTER-Military and

lglr'!i!1tv
Sma ll, nonmilita ry helicopters,
such as the R-44 (left), are used
for police work and crop
spraying. The twin-rotor
Chinook (below left) is used by
the military for carrying troops
and transporting heavy loads
that are slung beneath it.

HELIOGRAPHY The word heliography is
derived from the Greek word he/ios, meaning
"sun." During the 1700s, the branch of astronomv

concerning the description of the su.n was called

heliography. In the earlv 1800s, heliographv meant

photography. During the late 1800s, heliographv

was the name given to .r nethod of sending mes-

sages by the reflection of sunlight. This was done

by an instrument callecl a heliograph. The helio-

graph used mirrors to reflect the sunlight. The mes-

sages were sent in flashes, representing Morse codc

symbols. 'I'hese flashes could be seen 30 mi. [48
kml away (scc N{ORSF (.oDE).

Mirror

HELIOGRAPHY

A heliograph had a mirror that could be adjusted to reflect
the light of the sun. The reflection could be aimed at a

particular spot, perhaps many miles away. Moving the mirror
slightly made the light appear to flash. The flashing light was
used to send messages in Morse code.

Sun

ti92



Helium (He) is a colorless, gaseous element. It is

the second lightest gas after hvdrogen. The atomic

number of helium is 2, and its relative atomic mass

is4.0026. Helium boils at -452"b [-268.9"C]. This

is the lowest boiling point of any element. Unlike
every other element, helium does not turn into a

solid by cooling alone. It has to be pressurized as

we ll. It solidifies at -453.5"F l-269.7"C) and under

a pressure 103 tinres that of the atmosphere.

Helium is one of the noble gases ar-rd is very unre-

active (see F.[.F.ML,N f; INF.I{T CAS).

Helium was first discovered in 1868 by the

British chemist Sir Joseph Lockyer and the French

chemist Pierre Janssen. They used an instrument

called a spectroscope to disco'n er helium in the sun

(see SI'}LC'I.ROSCOPE). Helium is named after the

Greek word for sun, he/ios. Helium was not found

on Earth until 1895. 
-I'hen, the British chemist Sir

William Ramsay discovered helium in the mineral

clevite (see tL{MSAy, stR \(/tLLtAN{).

Several radioactive ele ments give offhelium when

they decay. That is why it occurs in certain miner-

als. Helium can also be obtained from natural gas.

The gas wells in Colorado and 'Ibxas contain as

much as B percent helium. Helium is also formed

duling thermonuclear fusion of hydrogen (see

FUSION).'I'his is how the sun and other stars obtain

their energy. Stars contain vast amounts of helium.

For this reason, helium is the second most

abundant element in the universe, after hydrogen

(see S'IAR).

Since helium is so light, it is used for filling gas

balloons. Hydrogen was once used for this, but
hvdrogen is a dangerous gas because it burns explo-

sively in air. Helium is much safer to use because it
is so unreactive (see IALLOoN). Helium is also used

in the gas breathed in by deep-sea divers. They used

to breathe ordinary air, which contains nitrogen,

but this is dangerous. Deep down in the sea, the

pressure is very great. This causes the nitrogen in

the air to dissolve in the blood. In the past, if a diver

surfaced too fast, the rapid decrease in pressure

caused some of the dissolved nitrogen to form bub-

bles in bodv tissues and block small blood vessels.

HEUUM
'l'he result, called caisson disease or the bends,

cor,rld bc very painful and cor-rld even kill the diver.

Today, divers breathe a. rnixture of oxvge n and

helium. Helium does not easily clissolve in the

blood and so is much safer to use (see CAISSON DtS-

F,ASE). Breathing helium makes divers speak with a

high, squeaky voice. This is because sound travels

three times as fast in helium as it does in air. This

raises the pitch of a sourrd.

Like all gases, helium can be liquefied. There are

two kinds of liquid heliurn, helium l and heliun IL
Helium I changes into helium ll below -456'F

l-27I"C). Helium l is a normal liqLrid, but helir-rm

II is very strangc. It is called a superfluid. If hclium

II is placed in a container, it creeps up the sides.

L,ventr-rally it flows over the top and down the out-

side of the container. This happens because a super-

fluid has almost no viscosity (see \rlsCOSI'l'Y).

HELIUM IN STARS

Helium was first discovered in the sun and is now known to
be in all stars and galaxies. The helium is formed as a
product of a nuclear fusion reaction. ln the reaction,
hydrogen is turned into helium with the release of much heat
and light. A spiralgalaxy is shown here.
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HELIX If a line. thrcacl, or wirc is curvecl so that

it can be wotttrcl aroutrcl a cvlindcr or cone it.t :t sin-

slc laver, a helix results. A helix is shapecl like a

screw threacl. In nrrtthcnratical terms, the helix is

anv spiral cllrve that crosscs the surfltce of a cotre or

cvlincler at rr constant angle. Itr natltre, ntltny nrol-

ectrles havc a helical shaprc, including the dotrble

helix of DNA (sec (;ENl,l l(.s).

HELIX
A conicalhelix is formed by a line wound around a right
circular cone (left). A line wound around a cylinder produces
a cylindrical helix (right).

HELMH OlfZ, HERMANN VON ( 1 82 1 -
I894) Hermann von Hehnholtz was a Gernau sci-

entist. He was flrst a sllrgeon and then a physicist.

He made many discoveries connectcd with vision

and hearing. He studied color vision and invented

the ophthalrnoscope, an instrument for examining

the interior of the eye. He also wrote a book about

how the ear works.

As a phvsicist, Hehnholtz- studied sound, electric-

ity, and light. His work helped devclop the theory

of the conservation of energy. His work on electro-

magnetism lec{ to the electromagnetic theory
of light.
See a/so t:NtlR(;Yr l.l(lH I .

HEMATITE Hetllatite (Fe2O3) is an important
iron ore. It is ferric oxide, a compound of iron and

oxygen. Hematite can be black, brownish red, or

dark rcd. A fresh scratch on hematite is blood red.

Thc worcl hcrntttitc mcrlt)s "bloocllike ." The ttrc

occurs in vrrriotts fort-ns, sttch lrs shinv crystals,

grainv rock, rrnd lclosc, errrthl, nraterial. ()rtc irttcr-

csting vrrricty is kiclney orc. It is so callccl bcc,tttse ir

is shapccl in rouncl rnlrsses that look like l<iclncys.

Orre fbrnr of hernatite, calleci red ochcr, is ttsed to

color paint.

Large anroulrts ol hen-ratite occur in (lanacla,

Braz-il, (lhina, ancl Britain. 'l'hc United Statcs has

the worlcl's largest and most procluctive hentatite

nrines, rrround Lake Sr-rperior.

Sec a/so II{()Nr ()l{t'..

HEMATITE
Hematite varies in color from metallic black to dull red. This
sample of kidney ore has both types. Hematite is the most
imp0rtant iron ore. lt is also used in polishing compounds.

HEMISPHERE Hemisphere means "one-half of
a sphere," particularly one-half of the earth. The

earth can be divided itrto rwo sections by the equa-

tor. The area north of the equator is the Northem
Hemisphere, while the area south of the equator is

the Southern Hemisphere.

The earth may also be divided into the Easterrr

and \Testern Hemispheres. 
-l'he dividing line

benveen these hemispheres is the prime meridian,

at 0" longitude. The area east of the prime merid-

ian to 180" longitude is the Eastern Hemisphere,

and thc area west of the prime meridian
to 180" longitude is the \Western Hemisphere.

See a/so LAI'l'l'UDtr AND LONGI'I-UDF,; MAP ANI)

MAI'I'IN(I.
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HEMISPHERE

The earth can be divided
into two pairs of
hemispheres. Division along
the equator produces the
Northern and Southern
Hemispheres (left). Division
along the prime meridian
produces the Eastern and
Western Hemispheres.

N orthern Hemisphere.--d"

Southern Hemisphere

HEMLOCK The hcmlock is any of scvcral

species of biennial and perennial poisonous plar-rts

bclongirrg to t\vo genera (plural of genus) of the

parslo' lamilv. Tl-re poison hemlocks belong tcr

genus Coniunt, whtle tl'rc water hemlocks (which

are also ;roisonous) belong to genus Cicutrt (see

lllLNNIAI. I'}l.;\N'l ; I'AII.SLEY I:;\NIIt.Y).
'l'he nrost comnron poison hemlock is Conium

HEMLOCK
Poison hemlock has finely
divided leaves and small
white flowers, all growing
on spotted hollow stems.

HEM

Eastern Hemisphere

Western Hemisphere

macu/tttum, which grows in most parts of tl'rc
worlcl. Ir reaches a height of about 4 ft.11.2 m] and

has manv branches. 'l'he hollow stems usuallv have

red spots. The plirnt's leavcs are divided and look

mr.rch like those of the parslev plant. A deadh'poi-
sor.r, coniine, is produced bt'tl'ris plant. lt is

believcd that the (lreek philosopher Socrates was

given a poison hemlock drink as a deatl'r sentence.

European water hemlock grows in marshes and is

extremely poisonous. Americar-r watcr hemlock
procluces poisolrous tubers (swollen unclerground

stems) and leaves. This plnrnt is also called

musquash root or bcaver poison.

See ttlso POISONOLIs l)LAN't .

HEMLOCK TREE The henrlock tree is any of
ten species of large, evergreen conifers belonging to

the genus Tiuga of the pine familv (see (IoNIFFR;

F,\'FR(lRL.L.Ni PINE). Native to North America and

Eastern Asia, these trees usuallv have purplish or

reddish bark and long, thin branches. The leaves

are short, blunt, and needlelike. Cones srow from

the ends ofthe branches.

The eastern hernlock reaches heights ol about

100 ft. [30 m]. The wood is soft and coarse and

splinters easily. It is often used in building crates

and for making paper pulp. Eastern hemlock is also

called Canadian hemlock or hemlock spruce.

il :rl

,.il,.il
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The western hemlock can be taller than 200 ft.

[60 m]. Its wood provides valuable lumber. It is also

called hemlock fir or Prince Albert's fir. Some other
plants are also called hemlock (sec untttt.c-lcx).

HEMLOCKTREE
The western hemlock is the largest type of hemlock tree.

HEMOGLOBIN Hemoglobin is an iron-
containing protein fbund in the blood of many ani-

mals. lts function is to carry oxygen from the lungs

to the tissues of the body. It does this by forming
weak, easily broken bonds with oxvgen molecules.

As the blood travels through the body, these bonds

are broken, and hemoglobin gives up the oxygen to

the tissues.

In its normal state, hemoglobin is dark red in
color. tifhen it combines with oxygen to form oxy-

hemoglobin, however, it becomes bright red. It is

hemoglobin that gives blood its color. In verte-

brates (animals with backbones), hemoglobin is

found in the red blood cells.

During the formation of the red blood cells in the

bone marroq hemoglobin is also formed. tJThen

the red blood cells die, the body breaks them up

and reuses their parts. Iron from the hemoglobin is

transferred back to the marrow to be put into new

red blood cells.

Hemoglobin can also conrbine with substances

other than oxvgen. C)ften, these are permanent

bonds and, because of this, some hen'roglobin
molecules are unable to carry as much oxygen as

they could before. If hernoglobin cannot carry

enough oxygen, the body's tissues may not receive

enough oxygen to work properly. This may be seri-

ous enough to cause death. Carbon monoxide
(found in automobile exhaust fumes and in smoke

from fires), for example, forms a stable compound
with the hemoglobin molecule, and can cause

death. Many other poisons also work by conrbining
with hemoglobin molecules in this way.

Several different types of hemoglobin have been

identified. Hemoglobin-A, or HbA, is the most

common, normal variety. A shortage of hemoglo-

bin-A can result in anemia. Hemoglobin-S, or
HbS, is an abnormal type of hemoglobin that is
present in sickle cell anemia. This disease is hered-

itary and can cause severe pain and even death.

See A/so ANEIv{IA; BLOOD; SICKI,E CELL ANL,MIA.

HEMOPHILIA (he'ma {il' e a) Hemophilia is

a disease in which thc blood fails to coagulate (clot)

normally. There are several types of hemophilia,

each caused by a lack ofa specific substance (called

a factor) that helps blood clot. The most common
type is called hemophilia A and is caused by a lack

of what scientists call factor B.

For a persorr with hemophilia, any cut may prove

serious. The wor-rnd continues to bleed and thus

cannot start to heal. In an ordinary person, a blood

clot quicklv forms and plugs the wound. The blood

dries and becomes solid. It prevents further blood

loss. If the blood will not clot, even a simple oper-

ation, such as extracting a tooth, becomes danger-

ous. Bleeding into the joints is another danger. A
slight knock on the knee, for example, may caLlse

bleeding inside the joint. The joint swells and

becomes very painful. Manv hemophiliacs (people

with hemophilia) become crippled as a result of
such bleeding.

Fortunately it is possible to protect hemophiliacs to

some extent. 'l'hey can be given trarnsfi-nions of nor-

mal blood before operations, and the clotting factors

that are missing can be injected after an injurv. There

is no treatment yet available that will last fbr a lifetime,

but researchers continlle to try to find soh-rtions.
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Hemophilia is an inherited disease. That is, it is a

disease passed on by parents to their children. In
some cases of hemophilia, only males show symp-

toms of the disease, but females can carry it. A
mother may pass on the disease to her sons.

See also Hlv()RRHA(;1 .

HEMORRHAGE (hem' ar \j) Hemorrhage

means "bleeding." However, the word is normally

used only when a great deal of blood is lost at one

time. \X/hen an artery is cut, the blood is bright red

in color. lt spurts out. \When a vein is cut, the

blood is darker in color, and flows steadily. \ifhen

the small blood vessels called capillaries are

damaged, the blood only oozes out (see CIRCUT-A-

'I'ORY SYSTF,\,{).

A large hemorrhage is very dangerous. A person

can bleed to death in less than five minutes if a big

arterv is damaged. Serious hemorrhage some-

times occurs inside the body, without being seen.

For example, an ulcer (sore) in the stomach can

cause bleeding into the stomach or outside it.
Hemorrhage from an artery in the brain can

cause a stroke (see STROKL.). Some diseases, such as

hemophilia, make people more likely to have

hemorrhages.

See also HEMOPHIt.tA.

HEMP Hemp is a tall annual plant that is usu-

ally cultivated for its fibers (also called hemp) or

its seeds. It is also the source of the drugs mari-
juana and hashish. Some botanists classi$' hemp

as a member of the nettle family, others as a mem-

ber of the mulberry family. Some botanists classill'

it as a member of a totally separate family,
Cannabaceae (see CI-ASSIFICATION OF I-IVINC

ORGANISN{S).

Hemp grows well in subtropical or warm tem-

perate areas. It grows a long tap root (see notl't).
The single sten is hollow and may be as tall as 20

ft. [6 m]. The leaves are made up of five or seven

leaflets on stalks. The hemp plant is dioecious-
that is, eithe r male or female. The male plant has

staminate flowers growirrg in clusters in the axils.

The yellowish green flowers have five stametrs and

five sepals. The f-emalc plant has pistillate flowers

that are much smaller and less colorful than those

of the male plant. The pistillate flowers consist of
one sepal wrapped around one pistil (see Ft.o\vFn).

Hemp fibers are actually long strands of col-
lenchyma growing inside the stem (see ct)1.-

LENC.HYMA). The fibers are removed bv a process

called retting. In retting, the stem is soaked or

exposed to moisture in the air. This causes the non-

fibrous parts to rot. 'l-he stem is then beaten to sep-

arate the fibers from the rotted matter. Hemp fibers

are used in making rope, twine, sailcloth, canvas,

and carpets.

Hemp fiber is strong but is not easilv bleached or

dyed. Hemp seeds are often used as commercial

birdfeed. The seeds contain about 30 percent oil,

which can be processed into paints or soaps.

Frequently, the oil is used for cooking purposes.

See ako N{ARITUANA.

HEMP

The female t',.rp ptunt (anoue)
plain flowers. Male plants have

has fibrous stems and small,
larger, showy flowers.

HENRY \Zhen an electric current flowing
through a loop or coil of wire is changing, an extra

induced voltage appears across the loop or coil (see

CURRT-N'l', tLE(ITRIC; INI)UC'l'lON). The loop or coil

is said to have an inductance. This inductance is

neasured in henries. When the current is changing

at one ampere per second and the induced voltage

is one volt, the coil has an induction of one henrv
(see AMPFRF.; VOLI').

The henrv is nanred after Joseph Henrv, an

American physicist who pionecred the study of
induction in coils.

See rt/so HF.NRY, lOSLPl l.
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HENRY, JOSEPH (17 97 -1878) Joseph Henry
was an American physicist. He was born to a poor
furnilv in Albanv, New York. He was apprenticed to

a watchmaker and studied medicine and mathe-

matics in his spare time. Eventually, he became a

professor at Albany Academy. Henry was interested

in magnetism and read about Michael Faraday's

discovery of electromagnetic induction in 1831

(see r,lR,roey, lircHAEr.; INDUCTIoN). Henry dis-

covered self-induction (induction within a single

circuit) in 1832. Later, he designed working elec-

tric motors. The unit of inductance is called the

henry after him.
See ako HF.NRY.

HENSON, MATTHEST ALEXANDER
(1867?-1955) Matthew Alexander Henson was an

African-American explorer who accompanied
Robert Peary on his expedition to the North Pole in

1909. Henson, Pearv, and four Eskimos were the

first humans to reach the North Pole (see PEARY,

ROBhI{l ht)\(lN).

MATTHEST HENSON

Matthew Henson was one
of the six people who first
reached the North Pole in
1909 in an expedition led by
U.S. naval officer Robert
Pea ry.

Henson was born on a Maryland farm. Both of
his parents died when he was young, and he was

then raised by an uncle. As a teenager, Henson
worked as a cabin bo1, on a ship that traveled to
such places as China, France, Japan, Russia, and

Spain. He met Peary in the late l BBOs and joined

him on a surveying (mcasuring) expedition across

Nicaragua, a coLlntrv in Central America. For
about the next twenty years, Hcnson accompanied

Pearv on explorations to areas near the North Pole.

[)uring that time, he lca.rned the Eskimo language,

how to lead a team of sled dogs, and how to survive

in very cold and dangerous conditions. On April 6,

1909, Henson, Pearv, and four Eskimos reached

the North Pole.

In the years that followed, Henson's contribu-
tions to Peary's success were virtually ignored. It
was not until 1945 that Henson received his first
real recognition-a special medal from the U.S.

Congress. In 1950, Henson was honored by
President Harry Tiuman in a special ceremony. In
1954, he was invited to the White House by
President Dwight Eisenhower for a ccremony
marking the forty-fifth anniversary of the date he

and Peary reached the North Pole. Henson wrote of
his experiences in the book,4 lVegro Explorer at the

lVorth Po/e.

HEPATITIS Hepatitis is a disease in which the

liver becomes inflamed and tender. Hepatitis can

cause nausea, weakness, loss of appetite, and, in
severe cases, liver failure. Along with these symp-

toms, hepatitis can also produce jaundice. This is a

condition in which the fluids and tissues of the

body takc on a yellow color. Jaundice is particularly
noticeable in the skin and eyes.

There are two types of hepatitis-viral and toxic.

Viral hepatitis is caused by a virr-rs or as a complica-
tion of other diseases. such as mononucleosis and

yellow fever (see MON-ONUCILLOSIS; VIRUS; YF-l.t.O\(/

I'L.vER). 'Ibxic hepatiris is a rcaction to alcohol,
other drugs, or other chemicals.

The two most common forms of viral hepatitis

are infectious hepatitis (hepatitis A) and serum

hepatitis (hepatitis B). Infectious hepatitis is most

often spread through contaminated food and
water. Infection may cause few or no symptonrs.

Infectious hepatitis usually lasts about two to six

weeks, and is not considered as serious as serum

hepatitis.

Serum hepatitis was once transmitted largely
through the transfusion of contaminated blood.
However, tests were developed in the 1970s to test

lor contaminated blood. 'lbday, serum hcpatitis is

spread similarly to the way the disease AIDS is

spread-through improperlv sterilized medical

equipment, hypodermic needles shared by drug
users, and sexual contact with an infected person.

Symptoms of serum hepatitis last about six to

f39fl



rwelve weeks. People who have had the disease may

carry the virus for many years and spread it to
others. In severe cases, serum hepatitis may cause

cirrhosis (scarring) of the liver and liver cancer.

See also AIDS; CIIRRHOSIS; LIVF.R.

HERB In botany, the word herb is usually used in
reference to a herbaceous plant, meaning any plant

that does not contain anywoody tissue (see HF,RIIA-

ChOLiS PI.AN'I'). However, many people commonly

use the word herb to mean any plant or part of a

plant that can be used as a medicine, food season-

ing, or coloring. In the preparation of foods, an

herb is usually some part of a plant used to add fla-

vor. Mint or parsley are examples of herbs used to

flavor food.

HERB

Fennel (top) has a strong flavor similar to aniseed. Chives
(bottom) have pinkish purple flowers at the ends oi the
leaves. The chopped leaves have a mild, onionlike flavor.

HER

For many years and in many different cultures,

herbs have been used in homemade medicines. For

example, the gel inside the leaves of the aloe vera

plant is believed to relieve the pain from a burn.

Synthetic, or human-made, drugs have largely

replaced the use of homemade medicine in indus-

trialized countries, such as the United States.

However, synthetic medicines often have danger-

ous side effects. This has led to increased interest in

so-called natural healing methods, including the

use of herbs, in recent years. Some herbs are used

in modern medicines. For example, foxglove leaves

contain the substance digitalis. Digitalis may be

given to a patient to help regulate his or her

heartbeat.

HERBACEOUS PLANT Herbaceous (hfir

ba' shas) plants are plants with soft, green stems

instead of woody stems. The stems are often juicl'
or fleshy. Since they contain only small amounts of
xylem, the stems are relatively weak (see xvt.nl,l).

Some herbaceous plants are annuals and die off
after one season. Most biennial and perennial

herbaceous plants die down in the fall and grow

new stems and leaves in the spring. The roots sur-

vive the winter underground. Examples of herba-

ceous plants include basil, catnip, geranium,
peppermint, petunia, and tansy.

See also ANNLIAI. PI.AN'l'; tlltlNNIAl. I'}LAN'I'; IIERB;

PE,RL,NNIAL PI,AN.I.; \(OODY PI,AN.I,.

HERBACEOUS PLANT

Begonias are herbaceous plants whose leaves die off in
the fall.
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HERBICIDE Herbicides are cher.nical pesti-

cicles that kill plants. Usually, herbicides are used to

kill weeds growing among more desirable plants,

such as fbod crops (see l'}[S'I'l(llD[; \(DED). At one

time, soc'lium chloridc (salt) and petroleurn-based

substances were the most wiclely used herbicides.

Since World War ll (1939-1945), however, many

other substances have been used.

Herbicides are either selective or nonselective.

Selective herbicides kill certain weeds br-rt do not
harm other plants. Defoliants and soil sterilants are

nonselective herbicides. Defoliants cause leaves to

f-all ofT plants, killing the plants. Soil sterilants kill
plants and rnay prevent other plants from growing
in the soil (see CHI-.MIClAt. ANI) IIIOL()(lICAL WAR-

FARE). There are both inorganic and organic hcrbi-

cides. Inorganic herbicides, such as sodium
chloride, sulfuric acid, and copper sulfate, are usu-

ally nonselective. Organic herbicides contain ele-

ments in combination with such elements as

carbon, hydrogen, and oxygen. Some organic her-

bicides work by affecting the growth hormones of
plants (see (lltltlL.RIrLI-lNS; IIORMONE). Others kill
selected species of plants by interfering with their
metabolism (see l\'IETABoLISM).

Herbicides are also classified by the way in which

they work. Contact herbicides, such as sulfuric acid

and paraquat, kill only those parts of a plant with

which they come into contact. Certain conterct her-

bicides are used to kill thc above-ground parts of a
potato plant belore harvesting the underground
tubcrs (potatoes). Translocated he rbiciclcs cnte r

through the leaves ancl are transportecl throughout

the plirnt, killing the leaves, sterns, ancl roots (see

VASCUt.AR PLAN'I). This is especially effective in

controlling weeds with exte nsive roots or rhizomes.

A rl-rizome is an underground stem thirt often looks

irnd acts like a root (see RHlZOlr{E).

There has been growing concerrr about the wide-

spread use of herbicides because many have been

shown [o, or are suspected to, cause cnrncer (sec

(:ANCirR). Tests have shown that herbicides can seep

through the soil and contaminate groundwater thart

may later be used as drinking water (see cROLINI)-

\(/ATI-.R). Herbicides may wash off firrnrland to
which they have been applied and contaminate
lakes, rivers, and streams. Herbicides can also cling

to the outside of food crops or be absorbed into
their tissues.

Because of the possible danger of using herbi-

cides, many scientists suggest that farmers reduce

the amount they use. This can be done through

certain farming practices. For example, on a test

farm in Maryland, a dense trailing plant called

vetch was planted between rows of corn (see

vL.'t'CH). As the vetch grew, its leaves covered the

HERBICIDE
ln Third World countries,
farmers use backpacks to
spray herbicides onto their
crops to kill weeds. This
farm worker wears a mask
to prevent breathing in the
poisonous chemical.
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soil between the corn. This preventcd weeds from

growing there. Other experiments have shown that

farn'rers can still have profitable crops even if they

simply cr-rt back on the amount of herbicides used.

See tt lso A(l RlclUl l'URL..

HERBIVORE n herbivore is any animal that

eats only plants. Such animals are also sometimes

HE

called vegetarians. Herbivores include rabbits, deer,

cows, cardinals, squirrels, and honeybees. Anirnal

herbivores often have specially designed teeth to

chew the plants they eat. Their digestive systems

have special enzymes (proteins that cause or speed

up chemical reactions) and may be specially con-

structed to digest the plant matter.

See also cTARNIVORE; TNSECTIVORB; OMNIVORF,.
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HERBryORX

Herbivores come in all
sizes. (1) The pygmy mouse
from southern North
America is one of the
smallest herbivores. (2) The
large pocket gopher has
strong claws for digging.
(3) The argali is a big-
horned wild sheep from
central Asia. lt is the largest
kind of sheep. (4) The zebra
is a grazing herbivore f rom
the plains of Africa.
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HEnEDITY

Heredity is the passing of characteristics from par-

ents to offspring. The study of heredity is called

genetics (see (iF-NL.'t'lcs). In most cases, the genetic

characteristics of an organism are determined when

a male gamete (sperm) combines with a female

gamete (egg) to form a zygote (see RL,PRODUC-

rtoN). This zygote has characteristics that it has

inherited from both parcnts. As the zygote develops

into an embryo, these characteristics become more

obvious. These characteristics are controlled by

tiny structures called ge nes. The genes are on chro-

mosomes, which are located in every cell of an

organism. It is the genes that "tell" each cellwhat it
should do in order to become a working part of the

organism (see CtlnOtvtC)SON.4L,; DIFFF,RF,N'I'IAl'loN,

CF.t.t.ULAR; C;nNP-).

The most inportant work in genetics was that of
Gregor Mendel, an Austrian monk (see MENDF,I.,

cREGOR). In the 18(r0s, Mendel developed two

laws that helped explain heredity.

Mendel's first law Mendel's first law is also

callecl the law of segregation. It states that
genes exist in pairs called alleles, one allele on each

of a pair of chromosomes. During meiosis (the

process of cell division that produces gametes) ,

these pairs separate so that only one of these genes

is passed from parent to offspring (see N{EIOSIS).

This gene pairs up with a similar one from the

other parent.

Mendel used pea plarnts in his experiments
because they can either self-fertilize or cross-

fertilize (see rtnttt.tzA't'loN; POt.t.tNAt'toN). He

found that if the plants self-fertilized for several

generations, the offspring were always identical
to the parents. Such offspring were called pure-

bred or honrozygous. Mendel then decided to

breed two diffirent types ol homozygous pea

plants-dwarf and tall. l-he first generation-Fr-
produced from this cross were all tall. However,

when he allowed members of the F1 generation to

self-fertilize, he for.rrrd a mixture of tall and dwarf
plants in a ratio of three to one.

These results can be explair-red by studying the

genes of these plants. In peas, there are separate

genes that determine whether the plant is tall or

dwarf. 'fhese genes are alleles, located on separate

chromosomes of a chromosome pair. A homozy-

gous tall plant has only genes for tallness, and a

homozygous dwarf plant has only genes for dwarf-

ness. A hybrid plant is produced by mating two

different homozygous plants (sce HYLTRID).

Genetically, the hybrid is heterozygous. That is, it
has one gene for tallness and one gene for dwarf-

ness. The plant appears tall, however, because tall-

ness is dominant over dwarfness (see DoN'IINANCF).

In the diagram below the genes for tallness are rep-

resented by boxes and the genes for dwarfiress by

circles. All the offspring will be tall in the F 

' 
ge ner-

ation because they contain the dominant gene for

tallness. However, they also contait't the recessive

gene for dwarfiress.

Pa re nts

.A

wtr_wll x
dF.KS-w't Homozyqous- 

tall

t{m

#w
Homozygous

dwarf

w

All heterozygous tall

F1 generation

FIRST GENERATION

Mendel found that the offspring f rom breeding purebred tall
(homozygous) pea plants with purebred dwarf (homozygous)
plants produced an F1 generati0n of offspring that were also

crossbred tall (heterozygous) plants.

lf the F1 generation is allowed to self-fertilize, the

genes on the chromosomes separate into the

gametes and recombine. The second generation of
offspring-F-,-will consist of tall and dwarf plants

in the ratio three to one. The tall plants may bc

!/**'{
l*w I*
'@ffq,
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F1 parents ,Sr. x 
Sa.

ryHeterozygoustalt @

H ete rozyg o u s

ta ll

F2 Qeneration

Homozygous
dwarf

Gametes I

I

wl#
Homozygous

ta ll

SECOND GENERATION

Wfren fVenOef inttinttO the tatt (treterozygous) F1 pea plants

from his first experiment, he obtained F2 offspring in which
only one plant in every four was dwarf (homozygous). 0f
each of the three tall plants, one was homozygous and two
were heterozygous.

either homozygous or heterozygous because tall-

ness is dominant. Thc dwarf plants, however, are all

homozygous because dwarfness is recessive. A

recessive characteristic only shows up when an

organism is homozygous for that characteristic.

Mendel's second law Mendel's second law is

also called the law of independent assortment. It
states that each pair of genes is inherited indepen-

dently of any othe r pair of genes. 'fhis law is impor-

tant when studying two or more characteristics at

the same time. Mendel used peas having homozy-

gous round, yellow seeds and peas having homozy-

gous wrinkled, green seeds. When he crossed these

two, he found that all the olfspring (F r) had round,

yellow seeds. This showed that round was domi-

nant over wrinkled, and yellow was dominant over

green. Vhen members of the F1 generation were

allowed to self-fertilize, they produced four kinds

of seeds: round-yellow, round-green, wrinkled-

yellow and wrinkled-green.
'I-his law applies only if the two pairs of genes are

not linked. Linked genes are located on the same

chromosome. 'fhey are usuallv inherited together

because it is the chromosomes that separate into

the gametes.

HEREDITY

Later experiments Although Menclel com-

pleted his work in the 1860s, it was ignored until

about 1900. ln 1910, Thomas Hunt Morgan, an

American biologist, was the first to propose the

idea of linked genes (see vclRc,tN, l'HO\{AS HLiN-f).

He also mapped the locations of genes on the chro-

mosomes. In addition, Morgarn showed that there

can sometimes be an exchange of genes or parts ol
chromosomes during meiosis. 

-I-his exchange is

called crossing-over.

Other scientists did experiments with mutations.

Mutations are changes in ar-r oflipring caused bv

changes in the genes. Mutations can cause charac-

teristics in the offspring that were not present in

the parents. Mutations occ:rsionally occur natu-

rally. However, mutations are more often caused

by exposure to radiation, drugs, or other firctors

(see tr,tU'iArtON).

Hereditary diseases Some diseases and disor-

ders are inherited by a child from his or her Parents.

Frequently, the disease is caused by recessive gcnes.

In order for the child to have the disease, then, he

or she must be homozygous for the recessive,

disease-causing gene. Since the normal, nondis-

eased condition is dominant, heterozy'gous parents

may be carriers but will have no signs of the disease

themselves. Diseases such as hemophilia and sickle

cell anemia are hereditarv.

In hemophilia, the blood does not clot properly.

This can callse excessive bleeding when there is ern

injurv. Hemophilia occurs nostly in males. The

most serious danger comes from internal bleeding.

Hemophiliacs often carrv chemicals that thev can

inject to stop the bleeding in case of injr-rry (sec

HE,NIOI)HII,IA).

Sickle cell anemia is a hereditarv blood disease

that occurs mainly among African-Americans'

Many African-Americans are born with some

abnormal hemoglobin molecules in their blood

(see Hnltoc;l.OIllN). A large amount of thcse abnor-

mal hen'roglobin molecules causes sickle cell ane-

mia. An affected person may seem perf-ectly normal

until the onset of a sickle cell crisis. A crisis occurs

if the bodv is deprived of oxygen due to intcuse

exercise, emotional upsct, or other factors. This
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lack of oxygen causes the abnormal hemoglobin
cells to turn from a round shape to an elongated
shape called a sickle . Sickled cells clog blood vessels

and hold back the flow of blood. This further
deprives the bodv ofoxygen and causes great pain
throughout the body. Since 1970, some chemicals
have been shown ro rerurn sickled cells to their nor-
mal shape. Because these chemicals have dangerous
side effects, researchers are srill seeking a safe cure
(See SICKLI, CEI,L ANF-MIA).

Other hereditary disorders include albinism,
color blindness, Thy-Sachs disease, Gaucher's dis-
ease, ncllrofibromatosis, and muscular dystrophy
(see ,tlerxct; COLOR BLrNr)NLSs). Tay-Sachs occurs
in Jewish children of eastern European descent. It
causes brain damage, blindness. and death by age

three or four. Gaucher's disease may affect the
spleen, liver, bones, or nerves. Neurofibromarosis
(NF) is commonly referred to as the elephant mant
disease. NF is an incurable condition in which
nerve tumors develop below the skin surface, caus-

ing disfigurement. In 1990, scientists discove red
that NF may be caused by a mutant gene that is

unable to perform its normal tasks of fighting
tumors. Muscular dystrophy refers to a group of
over twenty hereditary diseases that weaken the

muscles holding the skeleton rogether. Muscular
dystrophy can seriously affect movement and
posture. $i/ith some other diseases, such as cancer
and diabetes, rhe tendency ro ger the disease is
inherited, but the disease itself is not.

Inheritance The genes that a child receives from
his or her parents are rhe basis for biological inher-
itance. 'I'hese are the basic characteristics inherited
from the parenrs. It is the biological inheritance
that determines what type of organism develops
from a fertilized egg. It also determines the basic

physical and mental traits of that organism.
Another major facor in the development of an

organism is its environmenr or cultural inheritance.
The environment includes all outside factors from
the time the egg is fertilized until the organism dies.

Studies have shown that the environment can affect
the intelligence, appearance, and other characreris-

tics of an organism. Identical twins have identical
biological inheritances. However, it has been
shown that rwins who have becn raised in separate

and different environments develop into two quite
different people. They may have different physical
and mental traits which, apparenrly, are the result
of differences in the environmenr.

SECOND I,A\v
Mendel's second law
shows that, among pea
plants, the gene for round
seeds is dominant over that
for wrinkled seeds. Also,
yellow is dominant over
green. Mendel bred peas
with round and yellow
seeds (both dominant
characteristics) with plants
that had wrinkled and green
seeds (both recessive). All

![9rw11o-rn9 r' F2generatron were
heterozygous plants with
round and yellow seeds.
But when he interbred
these plants, the F2

generation showed all four
possible combinations in
the ratio 9:3:3:1.

Pa re nts

Round and
yellow

Round and yellow

S rrv',

Wrinkled
and green

heterozygous) RrYy

Wrinkled
and yellow

Wrinkled
a nd g reen

RRYY X
rnd and I0wv
Round and yellow (F1

Round and green @ ,

;3-r
b:{ 3

ffi1

G a metes RY Ry rY ry

RY RRYY RRYy RrYY RrYy

Ry RRYy
@**uu

BrYy @ RrYY

RrYY RrYy ,il ir rrYY ,:- rrYv

ry BrYy @ t'uu -.' ; rrYv # rr',',
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HERMAPHRODITE (har mif 'r: drt') A her-
maphrodite is an organism that has both male and
female reproductive organs (see RF-I,RODUC'I1ON;

REPROI)UCITIVF, SYS'l'L,M). Many planrs are her-
maphrodites because their flowers have both sta-

mens (male structures) and pistils (female
structures). Such plants are called monoecious
plants (see l,tctNctncrous).

HERMAPHRODITE
Land snails are hermaphrodites, whicir means that they have
both male and female reproductive organs. When they mate,
two snails c0me t0gether and fertilize each other's eggs.

Many of the lower invertebratcs (animals without
backbones) are herma.phrodites. Most of these ani-
mals are slow moving (for example, snails and
slugs) or are attachcd to some other organisnr or'

structure (for exarnple, barnacles). Many are para-

sites (see pAld{st'l'1.). AlthoLrgh hermaphrodites the-
oretically have the ability to fcrtilize their owrr eggs,

very few species do. This is often a result of the
positions of the reproductive organs. The earth-
worrn, for examplc, is not able to fertilize itself.
Two earthworms, however, can lertilize each other.

Barnacles and other organisms form rnating chains,

each creaturc fertilizing thc next. Some olganisms
show successive hermaphroditisn-r. That is, male

and female organs develop at different times so that
self-lcrtilization is irnpossible.

Very few vertebrates (anin-rals with backbones)

are hermaphrodites. Some hermaphroditic fish fer-
tilize their own eggs by laying the eggs and then
spreading milt (sperrn) over thern. As a rule,
though, herrr-raphroditism among vertebrates is

rare arrd is usually abnormal. C)ccasionally, a

human being or a manmal rvill show pseudoher-
maphroditism. This means rhar ourwardly, rhe

creature appears to be either male or femaie.
However, the organism has the internal reproduc-
tive structures of both sexes. This is extremely rare

and is caused by a chron'rosomal defect.

See ako CHROMOSON,I[,; FL,R'l'lt-lZ-ATIC)N; POl.t.tNA-
'l lON; SFX.

HERMIT CRAB The hermit crab is a crab ir.r

which the hind end of the body is not fblcled under
the rest (see r:RRe). Unlike other crabs, the hermit
has soft, unprotected rcar parrs. It protects itself b1'

living inside an empty shell of a sea snail. The her-
mit crab carries the snail shell arour-rd with it. Only
the hermit crab's front end is visible. If the crab is

alarmed, it can retreat inside the shell and plug the
entrance with one of its claws. C)f course, the crab's
"hou.se" does not grow with the crab. The hermit
crab, as it grows, changes its shell for a larger one.

Sometimes one hermit crab pulls another one olrr
of the shell it wants. Each hermit crab lives alone in
its adopted shell. Large groups of hermit crabs

often crowd areas on the bottom of the ocean

where seashells are plentiful.
The robber- crab, also called the coconut cr:rb. is

a large hermit crab for-urd in the Indian ancl Pacific

oceans. The robber crab may grow ro 2 ft. [(r1 cm]
in length. When fullv grown, the robber crab gives

up living in shells. It develops plates of armor on
the rear part of its bodv. This tvpe of cr:rb lives on

land. It is well-known for clirnbing coconut palms,

and often feeds on the broken nuts on the ground.

HERMIT CRAB

The hermit crab protects the soft part of its body by living
inside an empty mollusk shell, usually a sea snail.
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HERNIA A hernia is a rupture (break or tear) in

a part ofthe body. It is caused by an organ pushing

through the tissue that normally covers it. Hernias

occur most commonly in the abdomen. A loop of
intestine mav push its way through a weak part of the

abdominal wall ar-rd form a bulge under the skin.

This happens usually in the groin, where the

abdomen meets the thigh. Sometimes it happens

near the umbilicus. Surgeons repair hernias by stitch-

ing the torn tissues together and pushing the bulge

back into place.'l-his is called "reducing" the hemia.

See A/so HIAI.US HERNIA.

HERON A heron is a bird that belongs to the

family Ardeidae . It has a very long neck, a long bill,

and long legs. The bird itself may be large or quite

small. Herons wade into shallow water and capture

small fish and frogs for food. During the breeding

season, many species grow long, colorful feathers,

called plumes, on their heads. Herons are found

throughout the world. 'fhere are rwelve species in

North America. T'he largest is the great white
heron. It can grow 38 in. [95 cm] tall. It is pure

Herons are long-legged
wading birds that llve
throughout the world. Two
species are the lined tiger
heron (left) and the agami
heron (below).

white. Herons spend a great deal of time on the

ground, but thev fly well and often nest high in the

trees. Bitterns and egrets are tvpes of herons.

HERPES Herpes is the name of certain types of
conditions of the skin or mucous membrane that

are characterized by blisters. These conditions are

all caused by viruses that belong to the herpes

viruses group, though the term herpes is used

mainly for two q/pes, herpes simplex and herpes

zoster. As a group, these viruses are believed to

cause more human illness than any other group.

Two types of herpes simplex are known. One

causes cold sores, also called fever blisters-an
eruption of blisters that often occurs dr.rring or after

one of several diseases that are associated with fever.

The most common of these diseases are colds,

influenza, and pneumonia. The blisters usually

appear around the mouth and on the lips (called

herpes labialis); about the nose, the rest of the face,

and the ears; and in the mouth and pharynx.

The second type of herpes simplex causes genital

herpes (see SEXUALLY'l'lL{NSMI-l"l'tD DISEASU). Such

infections in the genital areas have become more

common in recent years. In this fornr of herpes, the

first sign is usually a mild itching, followed by blis-

tering. The blisters usually develop in clusters; they

later break open and thetr crust over. Fever and

headaches may also occur.

There is no cure for the two q/pes of herpes sim-

plex. However, certain drugs may speed the healing

of blisters and reduce the severiry of recurrent blisters.

Herpes zoster (caused by the varicella-zoster

virus) is also called shingles. ln this disease, the

virus attacks a sensory nerve. 'l'he skin over the

nerve usually breaks out in blisters a few days after

the beginning of the disease, and the patient has

severe pain along the route of the nerve. 
-fhe virus

that is responsible for shingles is the same one that

causes chicken pox in children.

HERPETOLOGY (hirr' pi tdl' a je) 'fhe study

of amphibians and reptiles is called herpetology. A
scientist who studies amphibians and reptiles is

called a herpetologist. Herpetologists studv manv

different things about the animals. Thcv study how
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the animals' bodies are put together, how they are

related to other animals, and how and where they

live. By learning more about amphibians and rep-

tiles, scientists also learn more about the earth and

its past (see AMPHIBIAN; REI,-IlLL,).

HERRING The herring is a saltwater fish that
belongs to the family Clupeidae. It is a silvery fish

that grows to about 12 in. [30 cm] in length.
Herrings are found in thc northern waters of both
the Atlantic and Pacific oceans. They swim in huge

schools-groups of thousands of fish. Herring feed

on plankton, which are small organisms floating in
the water (see PIANKTclx). The herring is an impor-
tant food for people.

HERRING

The herring is an important food fish that is caught rn

northern oceans.

HERSCHEL, SIR WILLIAM (r73+-t822)
William Herschel was a famous astronomer. He
was born in Germany and later moved to England
(see ASTRONoMY). Herschel is best known for dis-

covering the planet Uranus (see URANUs). He also

studied nebulae, which were then thought to be

single planets surrounded by milky clouds of light.
Herschel proved that what were called nebulae

were actually huge collections of stars.

Today, astronomers use the term nebular to mean

clouds of gases and dust in outer space (see NEBULA;

smR). \With the help of his sister Caroline, Herschel

observed and recorded 2,500 nebulae. He referred to

them as "island universes." Herschel made his dis-

coveries using telescopes he designed himself. These

telescopes were far better than those of any other
astronomer working at the time (see TELESCOPE).

In 1816, Herschelwas knighted by King George

III for his contributions to astronomy. Herschel

also discovered two satellites of Uranus and

HIA

infrared rays. His son, Sir John Frederick William
Herschel, also was a well-known astronomer.

See also INFRA.RLI) R{Y.

HERTZ The frequency of a wave is the number
of vibrations, or cycles, passing a stationary
observer in one second. Frequency is measured in
hertz, abbreviated Hz. The old name for this unit
is cycles per second. 'I'he hertz is named after the

German physicist, Heinrich Hertz, who was the

first to produce elcctromagncric waves.

See also FREQUENCY; HF.|{TZ, f lEINRIC]H.

HERTZ, HEINRICH ( I 857-1894) Heinrich
Hertz was a German physicist. He was born in
Hamburg. Her:zwas the first to prove the exisrence

of electromagnetic radiation. He found he could
detect a spark jumping benveen two charged rods.

He used a copper ring with a small gap in it. When
the spark jumped between the rods, a spark also

passed over the gap in the copper ring, which was

several yards away from the rods. He deduced that
some kind of radiation went through the air. This
was the discovery from which radio was invented.

See also F,r.F,crRoMAcNr,TIC RADIAlroN; HERTZ-;

RADIO,

HIATUS HERNIA A hiatus hernia is a condi-
tion in which part of the stomach bulges upwards

into the chest through the hiatus opening normally
only occupied by the esophagus in the diaphragm
(see I)IAI'}HRAGM; DIGESTIVE SYSTEM). The cause of
this is unknown, but it tends to occur in people

who are overweight and in those who smoke. It
may cause no symptoms, but in some people the

acidic juices from the stomach flow back into the

esophagus. This may cause heartburn or even

swelling of the esophagus. The pain can be mis-

taken for a heart attack. The hernia is diagnosed

either by direct examination with an endoscope or
by giving the patient a drink of fluid that shows up

on an X ray (see ENDOSCOPY; RADIOGMIHv). The
usual treatment is avoiding large meals and losing

weight or stopping smoking. An operation to

return the bulging part of the stomach to below the

diaphragm can be performed in severe cases.

907



I

HtgERr.[ArIoN

Hibernation is a deep sleep that some animals go

into during the winter. In the winte r, manv ar-rimals

have trouble finding food. Since the weather is

cold, their bodies need much more energy than

usual just to keep warm. For many animals, hiber-

nation is the only way to survive during this time.

Before an animal hibernates, it eats a great deal of
food. Much of this food is stored as fat in the ani-

nral's bocly. 'l'his fat is used as a source of energy

during hibernation. During hibernation, an ani-

mal's metabolic rate is greatly lowered (see ML.IAB-

ctt tsitl). The body temperature is much lower than

normal and is usually about the same as the air tem-

perature. Breathing and heartbeat slow. The ani-

mal's control svstems, however, stay active. Thus, if
the weather gets tuo cold, metabolism, heart rate,

and breathing rate increase; body temperature rises;

and more stored fat is used. As a result, the animal

may wake up and lnove to a warmer place, if
necessarv.

Scientists do not know the Yi;

exact cause of hibernation. mM*,li

It may be brought on by lffi$
environmental changes-
lower temperatures, shorter
days, and less available food.
These chrnges may rrigger
changes in the animal's hypo-
thalamus (part of the brain) or
adrenal glands (sec ADRtNAI

GLANDS; BRAIN). The end of hiberna-

tion may also be environmentally
directed, but true hibernators seem to be

able to wake up whenever they want to.

The only true hibernators are warm-
blooded animals. These include a few birds

(such as the poorwill) and some mam-

mals (such as the bat, hamster, mar- 
Qt,

mot, and ground squirrel). The body

temperature of a warm-bloodcd animal

,
:

wb
ffi
.E

'.1i .'sr

WINTER SLEEP

ln the colder parts of the world, amphibians and reptiles
enter a deep sleep in winter. This is not true hibernation
because their temperature is always the same as their
surroundings, even when they are awake.
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usually stays fairll. constant
when it is active and is not
reatly affected by the air

temperature. During true
hibernation, the animal's body

temperature drops to well
below normal. Most true hiber-

7 , narots acrually go rhrough a series

ofshorter naps rather than one long,

uninterrupted sleep.

Many cold-blooded animals enter a type of
hibernation. Since these animals' temperature

HIBERNATING BAT

The leaf-nosed bat (left) is a

mammal. lt is therefore
warm-blooded, and its
period of winter sleep is
true hibernation.

INACTI\'E TORTOISE

Like other reptiles in cold
regions, tortoises sleep
during the winter months.
They become active again
when the weather
becomes warmer.

is usually close to the air temperature anlrvay, it is

not considered a true hibernation. All amphibians

and reptiles living in cold areas sleep through win-
ter. Some bury themselves in soil or at the bottom
of a pond to keep from freezing. As the weather

warms up, the metabolic rate increases and the ani-

mals become active. Many insects enter a form of
hibernation sometimes as adults, but more often in
one of the earlier stages of their life history.

Some animals, such as bears, sleep during the

winter, but their body tenrperature stays near nor-
mal. This type of winter sleep is called camivorcan

lethargy. Some animals enter a true hibernation
everv day. Bats, for example, hibernate during the

day and become active at rright. This is known as

diurnal hibernation.
Other animals enter a deep sleep during the sum-

mer, particularly when the weather is very hot and

water is scarce. This summer sleep is called estiva-

tion. Many desert animals estivate. Also, animals

that live in or near the water may estivate if their
water source dries up.

See also DORr\4ANCY.

SLEEPING BIRD
The poorwill(above)is a type of nightjar. lt is the only bird
that is known to hibernate. lt has been known to return to the
same place every winter to hibernate.
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HIBISCUS Hibiscus is a genrrs o{'rwo hundred
to three hundred species of flou'erir-rg plants
belonging to the mallow family. Some are herba-

ceclus planrs, lvhile otirers are trees or shrubs (see

HFRB,A,(--L()U.S l,L,{N l-; NlAl LO\X/ FAlrlllY; V/()Ot)Y

PLAN'f). Thev sror,v in tropical and tcmperate
regions throughout the world and manv are culti-
vated in gardens. The large, bell-shapred f'lowers are

made up of fivc perals, rvhich rna1, be white, r'ellow,

pink, or recl.

Thc swampr rose mallow is common in marshes

in the castern Unitcd States. lts white or pink flow-
ers crften measure more than 7 in. [18 cm] :rcross.

Hibisctts ast'u/entus procluccs a seed pod called okra

or gumbo. It is a popular food in many parts of tl-re
country, and is often cookecl in stews or soups.

HIBISCUS

The hibiscus shrub bears large, showy flowers.

HICKORYThe hickory is anl.of a group of trees

th.rt grow throughor-rt thc eastern United States.

Hickories belong to the walnur family. They have

long leaves made up ol many oval or ror-rncled

leaflets. The trees also produce large nuts, which are

eaten by wildlife and people. Tl'rere are ten species

of hickories in North America. l'he pecan rrcc is a

type oF hickorv. The wood of hickory trees is used

for the handles of tools sucl'r as axes and hanrmers

becatrsc it is verr. srrong.

HICKORY
Pecans grow on a type of hickory iree

HI-FI Hi-fi, or high-fidelity, systenls are made up

of electronic equipment tlrat reproduce a source

sound ver)'accurertely over its full frequency rangs

without producing background noise. Hi-fr sys-

tems lvere f-irst intlodrrced in rhe I950s. The early

systems reproducecl monophonic sound-sound
that seems to come lrom one direction. Modern hi-
fi systems, also known as stereophonic sound sys-

tcms or stereos, reprocluce stereophonic sound, or

souncl that comes from tlvo directions. This
inr.olves a long series of recording and reproclucing

processes in which the sound is broadcast through
two or more channels. Hi-fi systems are mac{e up of
three differenr types of components, or parts: the

program sorlrce, the arnplifier, and the speakers.

The program source can be a record player, tape

player, compact disc player, or radio. The arnplifier
srrengthens or ampiifies thc weak electronic signals

given offby the prograrn soutce. A hi-fi s)rstem can

have a pair of speakers that change the electronic

signals into sound. There are also quadraphonic or
surrorrnd-sound systems that use more than two

channels and speakers.

HIPPARCHUS (hi plr'kas) (abour 160-about
126 e.c.). Hipparchus was a Greek astronorner. All
that lve know about him con'rcs from the writings

of Ptolcmy. Ptolemy tells us that Hipparchus built
an obse rvatory at Rhodes, an island off the

910



southwestern coast of present-day Turkey.
Hipparchus is the earliest systematic astronomer

known. He discovcred the precession of the
equinoxes and catalogued more than a thousand

stars (see pRF,cFSSION). Hipparchus musr have been

a brilliant mathematician as well as an ourstanding
scientist. He invented trigonometry and worked
out the distances of the sun and moon from Earth.

He also used a system of latitude and longitude to
show where places on Earth are located.

See tT/so LA.I,I'I.L,II)E, AND I,ONGITUDL,; P'I,OLL,MY;

TRICONOMF-,TRY.

HIPPOCRATES (hi p6k' ra tez') (abou 470-
abou 377 n.c.). Hippocrates was a Greek doctor.
He is called "the father of medicine." Modern med-

ical students make a promise to be ethical in their
work. J'his is called the Hippocratic Oath.

Hippocrates is supposed to have written a large

number of books. Most of these were probably
written by other Greek doctors working at the same

time. They are known as the Hippocratic collec-

tion. Some of the descriptions of diseases in these

books are very clear and accurate. The diseases can

be recognized from the descriptions even today. No
other medical books as scicntific as these were writ-
ten until modern times.

HIPPOPOTAMUS Hippopotamzs is rhe name

given to two species of mammals native to central

and western Africa (see MAMMaT-). Although its

name comes from two Greek words meaning
"water horse," the hippopotamus is more closely

related ro the pig than to the horse. The river hip-
popotamus is also called the great African hip-
popotamus. It has a large body, short legs, and feet

with webbed toes. It may grow to be 16.5 ft. 15 ml
long and 5 ft. 11.5 ml tall at the shoulder. f'he
largest weigh close to 6,600 lb. [:,OOO kg]. The
eyes, ears, and nostrils are all on the top of the head.
'I'his allows the animal to see, hear, and breathe

while most of its bodv is under water. The hip-
popotamus has special oil glands to keep its grayish

skin moist. 'fhe oil is sometimes red, giving rise to

the incorrect belief that the animal sweats blood.
The hippopotamus has large, curved teeth. Its

HI

canine teeth are enlarged into tusks, which may be

2 ft. 160 cml long. The hippopotamus is a good

swimmer and, on land, can run as fast as 30 mi. [48
km] per hour. Hippopotamuses roam in herds of as

many as thirry animals, spending most of the day

in the water. At night, hippopotamuses leave the

water and graze on land. An average hippopotamus
eats about 13216. [60 kg] of food each day.

A female hippopotamus first mates when she is

five or six years old. After a pregnancy of about

eight months, she gives birth to one calf. The new-

born calf may weigh as much as 110 lb. [50 kg].

The calf is able to swim almost immediately. It
nurses under water, surfacing every fcw minutes for
air. Hippopotamuses live for about thirty years.

The pygmy hippopotamus is much sn'raller and

darker than the river hippopotamus. It weighs

about 506 lb. [230 kg] and is about 6 ft. [1.8 m]

long. It stands only 2.5 fr. 175 cml tall at the shoul-

der. This animal spends relatively little time in the

water and usually wanders through forests and

grasslands.

Hippopotamuses have been widelv hunted for
their hides, meat, and ivory tusks. Although pro-
tected by law in most places, these animals are often

killed illegally. The pygmy hippopotamus is an

endangered species and may soon be extinct (see

ENI)ANGERED SPF,CIE,S).

HIPPOPOTAMUS

The hippopotamus spends most of the day in water. ln
deeper rivers, it grazes 0n underwater plants. lt naps during
the day, and at night g0es onto dry land t0 graze on low-
growing plants.
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HISTOLOGY Histology is the microscopic

study of plant and animal tissue. A tissue is nade

up of similar cells thirt work together to perform a

specific function (see'l-ISSU[). Histologists exaurinc

tissuc to learn about its structure, functions, and

properties. A biopsv is rhe examination of a specific

tissue sample taken from a living organism.

Biopsies give scientists valuable information about

disease processes. An autopsv includes histological

examination after an atrimal's death (including a

human's dcath) and helps doctors and scientists

learn more abor.tt thc cause of death and disease in

general.

Histology as a science progressed slowly until the

nineteenth century, when the compound micro-

scope began to acquire a form resembling its cur-

rent one (see l,ltCRoSCOPts) . The microtome, an

instrument for slicing thin portions of tissue, was

invented by Englishman John Hill in a6out 1770.

Much-improved designs appeared during the eigh-

teenth century, enabling histologists to study tissue

more accurately than before. In 1907, the

American biologist Ross Granville Harrison dis-

covered that living tissues could be grown outside

the organ from which the tissues were taken. That

process is called culturing. The electron micro-

scope, developed in the early twentieth century,

and the scanning electron microscope, introduced

in 1968, made possible great advancements in the

study of tissue.

See also E,LECTRON MICRoscoPE.

HIV HIV stands fbr human immunodeficier"rcy

virus, and is responsible for AIDS and AIDS-
related complex (see ,qttls.) It was first discovered irr

I984. It gains access to the body through contam-

inated blood, nonsterile needles, or sexual inter-

course. Once in the blood, it is attractecl to a spccial

type of white blood cell-the helper'l' cell-which
protects the body against inlections. The HIV virus

attaches itself to the surface of the T cell and emp-

ties its contents into the cell. 'fhese contents con-

sist of an cnzymc molecule and a strand of RNA

containing mll the genetic information needcd to

make more HIV viruses (see nNn). The enzyme

makes the T cell use the RNA strand to manufac-

ture more viruses. These viruses burst ottt of the

cell, killing it in the process, and float in the blood.

HIV cannot survive for long outside the body,

which means that it cannot be caught easily.

HIVES Hiues is the name givcn to a certain aller-

gic disorder of the skin. The scientific name for

hives is urticaria. This condition is characterized by

the sudden appearance of small raised areas on the

skin. Itching and redness usually accompany the

appearance of the bumps. In some cases, hives dis-

appear quickly, whereas in other cases they linger.

Hives commonly appear on covered areas of the

skin but rarely on the palms, soles, or scalp. 'fhe

disorder is attributed to an allergic reaction, which

occurs soon after the allergic person eats, breathes'

or otherwise comes into contact with the substance

that causes the allergy (see ALLEIi{IY).

Many foods cause allergic hives, but not everyone

is allergic to these foods. In the same way' some

medications can cause hives, and even animal fur

and dust can bring on hives. Different fabrics,

plants, pollen, and other environmental substances

can cause hives. There are so many possible reasons

for hives that, if they persist or recur frequently, a

doctor should examine the patient to determine the

cause and the best treatment.

HOLISTIC Holistic comes from the Greek word

holos, meaning "whole." It is used chiefly to refer to

holistic medicine, which concentrates on human

beings as a functioning whole. 'fhis contrasts with

HISTOLOGY

ilirtotog,rtr (scierLtists wtro study histotogy) use microscopes
to study plant and animaltissue. This microscope photograph

shows a thin section of beechwood, which has been stained
to show up the various kinds of cells.
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much olorthodox medicine, which focuses only or

mainly on a specific disease ancl its treatlnent.
Holistic medicine is bascd on the belief that treat-

ment should aim at the whole person, not jLlst the

parts ol the body where thc svmptoms occllr.
Doctors practicing holistic medicine will usc many

treatments in preference to and in addition to
drugs or surgerv, such as acllpllncture or hypnosis

(see HYPNOSIs). A holistic approach is also used by

many practitioners of "alternative" meclicine, such

as horncopathists, herbalists, and acupuncturists
(See ACUI'UNCTL,IRE; HOM LOPATHY).

HOLLY FAMILY The holly family includes

about four hundred spccies of trees and shrubs with
shinv greer-r leaves and red fruits. Most species are

evcrgreen and many have spiny leaves (see F,vER-

GREEN). The name probably comes from the fact

that these popular Christmas plants were once

thought to be holy trees. The flowers are clustered

in thc axils of the leaves. Most members of the holly
family are dioecious. That is, each plant has either

male flowers or fcmale flowers, but r-rot both.

The American holly (I/ex opaca) may grow to a

height of t00 f,. [:o ml. Its red fruits are called

berries, but they are actually drupes (see DRUPE).

The fruits are poisonous and grow onlv on the

HOLLY FAMILY

This unusual holly bush has variegated leaves, meaning they
have two colors, in this case golden yellow and darl< green.

HOL

female trees. English holly is often growrr with
herwthorn in hedges. Tl'rc leaves ol a South
American species, I/expam guariensis, are brewecl to

make a beverage called matd.

The wood from membcrs of the holly {amilv is

very hard. It is used to make musical instruments

and fumitr,rre.

HOLLYHOCK Hollyhock is a herbaceous

plant belonging to the mallow lamilv (see HF-RIIA-

(IEOUS PLAN'I-; N'IAI.l.Ow I]AN.{lLY). Althor-rgh native to

Chirra, it is widely cultivatecl in the United States

for its spikes of colorful red, pink, purple, or yellow
flowers. The 3-in. 17.5-cml blossoms grow near the

top of a thicl< stem. This stem, with its spike of
flowers, mav grow to be as tall as 9 ft.12.7 m]. The

leaves are usually large, hairy, and heart-shaped

with five to seven lobes (see LEAF). Although most

varieties are perennial, some are annual or biennial.

See AIso ANNUAL PI,ANT; BII--NNIAL I,LANT; INFI,ORF-S-

CL,NCEt I']ERF,NNIAI. l)Lr\N'I .

HOLLYHOCK
Hollyhocks are tall plants belonging to the mallow family.
These hybrid garden varieties have showy, double flowers
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Hol.ocRAr\d

A hologr"m is a three-dimensional photograph
created by using holographv (see Holo(;nelHv).
Holograms can now be mass-produced very
cheaply, and they have many uses. Because they

cannot be produced without specialized equip-
ment, holograms are often used on bank and credit
cards to make counterleiting more difficult. They
are also used for decoration on magazine and book
covers and on jewelry. Many artists now use holo-
grams in their artwork.

Holograms were first developed for science and

indr-rstry. They have been used in microscopy to
examine microorganisms in three dimensions.
Holograms can also be produced using field-emis-
sion electron microscopes in order to study the

three-dimensional shape of a surface at the atomic
level. Using a laser beam, a moving object can be

frozen in time and recorded on a series of holo-

grams. 
-fhis 

makes it possible to measure the speeds

and directions traveled by tiny particles. A similar
technique is used to study the interactions of sub-

atomic particles. Holograms taken before and after

a stress test can be compared to show how an ob.iect

reacted to the stress (see S'fRF-SS ANI) S'I'RAIN). This

technique, called holographic interferometry, is

very useful for tcsting quality during a manufactur-
ing process.

Normally, holograms are produced by recording

the interference pattern of nvo beams of light, but
they can also be created from the interference pat-

terns created by other types of rays or waves.

Holograms made using X rays instead of beams of
light are being developed to make it possible to
studv biological cells. In acoustic holograms used

for geophvsical and underwater exploration, the

interfere nce patte rns of high-frequency sound
waves are recorded. Holograms made using
microwaves are used to make very precise maps of
the surface of the land.

How holograms are made To create a three-

dimensional image by holography, a beam of light
from a laser is split into two beams by a special

device. One of the two beams, called the object

beam, illuminates the object to be recorded and

reflects its image on a photographic plate or film.
The other beam, called the reference beam, shines

directlv on the plate or film. \7hat is actually
recorded is the sum of light from the object beam



and the reference beam. The combined light waves

interfere with each other, creating light and

dark patches, called an interference pattern (see

INTF,RFERENCE).

The photographic plate or film, when devel-

oped, is called a hologram. The image on it does

not resemble the object at all. Instead, the

0bject

HOLOGRAM

hologram appears to be a complex pattern of
stripes and whorls. To view a hologram, light from
the same direction as the reference beam is then

directed onto the hologram, illuminating it. The

hologram changes the light to reconstruct the

light patterns from the original object, producing

a three-dimensional image.

RECOR-DINGA
HOLOGRAM Lase r

These diagrams show how
a hologram is recorded (top
right) and reproduced
(bottom rightl.

Photog ra phic

plate

0 bserver

....::,-:.),-:::--. - ----:--ll::-.-- *:{
Laser i:,:::::-::::---. -::::.---:::ia',..--l

t'
Hologram 3-D image

seen by observer

{,'
Flat image recorded
on photographic plate

HOLOGRAM PORTRAIT

Some modern artists use
lasers and holograms. The
portrait (left), called
"Margot," was made atthe
Museum of Holography in
Paris, France, using a beam
of red laser light.
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HOLOGRAPHY Holography is a technique
for recording and viewing a photographic image in
three clirnensions. In convcntional photography,
light reflected from an object lorms an image on

film that is exposed to it. The film is then chemi-
cally processed and can be used to make a photo-
graph. An ordinary photograph prcscnts a flat
irnage in two dimensions-height and width (see

PtIOTO(IRAP}lv). Holography creates a third dimen-
sion-depth. The inragc changcs whcn sccn from
slightlv cliflerent :rr"rgles. Ar-r observer mLlst refocus

HOLOGRA,PHY

Workers must use protective goggles to shield their eyes
when using hologram-making equipment.

his or her eyes to see the loregrouncl and the bacl<-

ground. He or she is able to see around and behind
the object viewed (see Hc)l.OtlRAN{).

Holographv was inventecl in 1947 by thc
Hungarian-born scientist Dennis Gabor, who was

working in tngland. (labor received the Nobel
Prizc for physics in 1971. Gabor wantcd to use

holography to improve the capabilities ol the elec-

tron microscope. However, his original arpplication

of holographv did not prove to be practical.

In the 1960s, the field of holography was expanded

by the invention of the laser. Emmett Leith and Juris
Upatnieks achieved remarkable results bv applying

laser beams to the process of holography. A laser

beam is a narrow concentrated beam of light (see

L\SL.R). The work of Leith and Upatnieks opened thc

way for many research applications of holography.

HOMEOPATHY (ho' me op' a the) Homeo-

pathy is a system of medicine based on the idea that
"like cures like." In other words, a person suffering
from a disease will have certain symptoms. Thc
homeopathic remedy for each disease is taken frorn
a single animal, mineral, or plant and produces

exactly the same set of symptoms in a healthy per-

son who takes some of that substance.

Homeopathic remedies are prepared by greatly

diluting (lessening the strength of) the substances

that produce the symptoms. Because they are so

diluted, even poisonous sLlbstances can be safe.

A Gcrman mcdical doctor named Samucl Hahne-

mann originated homeopathy around the year 1800.

In order to develop remedies, Hahnemann and

other early homeopathic doctors tested thousands

of homeopathic remedies to determir-re the symp-

toms produced in a healthy person. These tests

were often done on thcmsclvcs. Thcy kcpt detailed

records, so that the symptoms and remedies could
be matched again. As some of the substances they

tested were poisonous and not sufficiently diluted,
some of the early homeopaths died doing research.

HOMEOSTASIS (ho' me o st-' sis) Homeo-
stasis is the ability of a living thing to keep a stead,v,

stable condition within its bodv. This internal envi-

ronment is controlled bv different bodv processes,
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HOMEOSTASIS

Homeostasis in humans
involves various body
systems. These include the
lymph system, circulatory
(blood) system, endocrine
(hormone) system, and
excretory (waste-remova l)

system.

Lymph
system

Exc reto ry
syste m

slrch as respiratior-r (the changing ol food energy

into a fornr the body cirn use), circulirtion of blood,

and birlance of bod1, flr-rids. Thc ncrvous systenr

and the hormones of thc cnclocrinc systenr plav a

rnajor role in homeostasis (see HOt{Nl()Nl:; NI:R\'oLJS

SYSTF.\I). The excretion (renloval) of r'vastes is ,u-r

important part of homeostasis. In warm-blooded
aninals, cxcretion helps rlaintain a constant body

te mperatLlre.

Scientists believe that honrcostasis shows the

degree olevolution of a species. The steaclier a liv-
ing thing's intcrnal systenls are, the more indepen-

de nt it is of the external environmerrt, :rnd thc more

developed (advanccd) it is. 'l'he mirintenance of
social structures in popr.rlations of organisn-rs is also

regarcled as homeostasis between organisrls.
See d/so F.N\''lR()N\,{l-.N l'.

HOMINID A hominid is a rnernber of the grolrp

of animals to which human beings belong. The
hominid group also includes human ancestors, such

as Horuo ercctus and Arrtra/opitheur aficdnus. Thc
terrn hominir/ is rnost commonll' used when refer-

ring to them (see IIOMO F.RF.C.TLJS; HOMO SAI)IL.NS).

HOMO ERECTUS Homo €rectus is a species of
early humans, dating fronr about 1.5 million years

aso to about 200,000 years ago. Homo il'ectut was

the f-irst hominid to leave the continent of Africa

HO

:rnd to spread throughout the continents of F,urclpc

arrd Asia (see Ilo\llNltt). Horuo ercctlts h,rd a brain

that rvas about tlvo-tl-rircls the size of moclcrn
humans' brain, walkeci r-rpright, ancl probably corlr-

mr.rr-ricatecl using soutrds and facial expressions.

They were able to make sinrplc tools at'rd to usc flre.

Their rcnrains have been fbtrnd in Tanz.ania. South

Afi'ica, Algeria, Java ernd China (where they rvere

once knorvn as Pitltet'anthroptts), Spain, France,

Greccc, Hutrgary', ancl (lermany. Horno crrchlswas

probably dcsccrrdcd fron-r the earlier hominid
Homo httbilis and gave risc to Hotno sapien:-mod-
ern humans (see ut'ltlcl SAI'lt:NS).

HOMO SAPIENS Homo sttpi€ns is the zoologi-

cal name lor the modern humar-r bcirrg. Thc s1'rccics

probablv arose fi'om the earlier species Horuo ercctus

about a quarter of :r rlillion years ago, but paleoan-

thropologists-scientists who study earlv hunrans-
are not sure of the cletails. C)nc theorl', callecl the
"our-of-Africa" theory aftcr tl're title of a novel set in
Africa, suggests tha,t Horuo srtpieus clcvclopcd from

the African popr.rlation of Homo ffe(-tus. Thcv thcn

spread throughout the lvorlcl, wiping olrt the popu-

lations t'tf Honto ercctu-t elsewhere (see Ho\{() F.RF.(.-

't'tJ.s). An alternative thcory, the so-called
"rnrrltiregional" thcorv, is tl-rat Homo sltPictti rrose

through interbreeding of the various populations of
Homo er€fius in various parts of the world. J'here

rvere originally several subspccies ctf Homo s(tPiilts,

includine an earll' fbrnr founcl in Swanscombc,

Enelarrcl (Homo s/lpiens sutdnscombensis). By the end

of the Pleistocene Ice Agc, the nvo most important

wcrc Hotno sdpiens rtedndert/ta/ensis, or Neancler-

thals, and Honto srtpiens sdpiens, or Cro-Magnons
(sce (lRO-l\lA(,NON; N[.ANDIlRTH,lt ). Neanclerthal

remains were originmlly lound in the Neander (iorge

in Gcrmany. Cro-Magnotr rem;.rins wcle originally
found in Oro-Magnon caves in France. Neanderthal

pcoplc died out about 30,000 vcars ago, rvhile the

Oro-Magnons survived. It is possible that the two

subspecies interbred so much that the Neanderthal

characteristics bec:rmc totalll' masked by the Cro-

Magnon fcatures.'l'he sun'iving Cro-Magnons wcre

the ancestors of modern humat'r beings.

See a/so HL.TMAN uL,lN(1.
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HONEY LOCUST The honey locust is a rree

that grows in the central United States. It grows to

about B0 ft. 124 ml tall. Its leaves resemble those of
a fern. Many-but not all-honey locust trees have

thorns on their branches. The seeds of the tree

develop inside a dark brown pod that looks some-

what like a large string bean and contains a sweet

pulp. The honey locusr is common around lakes

and streams and is widely planted in towns.

HONEYLOCUST
The honey locust has fernlike leaves and edible, sugary
seed pod s.

HONEYSUCKLE FAMILY The honey-
suckle family includes about 450 species of flower-
ing dicotyledons (see olcotyt-EDoN). Most are

shrubs or climbing plants native to temperate areas

throughout the world. Two common shrubs in this

family are the viburnum and the elder.

The plants in this family that are commonly
called honeysuckles belong to the genus Lonicera.

Most are evergreens with opposite, oval leaves that
often link up around the stem (see EVERGREEN;

LEAF). The flowers are trumpet shaped with four
petals above and one petal below. The petals form
a long tube that makes it difficult for most insects

to pollinate the flower. Hawkmoths and hum-
mingbirds are the usual agents of pollination,
because they are able to reach into the base of the

flower to get the nectar (see HA\(KMO'I'H; I'oLLINA-
't'toN). Many of the flowers open and give off
their scent only in the evening. The flowers give

rise to red, orange, or black berries. These berries

are a popular lood for birds.

The common honeysuckle is a climbing plant that

grows to a height of about 20 ft. 16 m]. lt has clus-

ters of yellowish, purple-edged flowers. The sweet

honeysuckle has clustered, purplish white flowers.

HONEYSUCKLE FAMILY
Honeysuckle is a climbing vine that often twines urornO
other plants for support. This hybrid variety is valued for its
large white flowers.

HOOKE, ROBERT (1635-rZo3) Robert
Hooke was an English scientist. He made discover-

ies in many branches of physics and chemistry. He

was also a clever designer. He helped Robert Boyle

design an air pump (see BoYI-E, ROBERT). In 1678,

Hooke discovered that the amount that an elastic

body bends or stretches out of shape (strain) is in
direct proportion to the force (stress) acting on it.
This is called Hooke's law (see ELASTICITY). Hooke
also made the first Gregorian telescope (an early

reflecting telescope) (see TELESCoPE). He improved
the microscope and used it to look at parts of plants

and animals. He observed cork from a tree. He saw

small boxlike structures, which he named cells. He
is credited with the discovery and naming of cells

(see CELL).

HOP Hop is one of four species of herbaceous

plants belonging to the genus Humulus (see HtRee-

cEous PLANT). Closely related to hemp, it also is

classified in one of three families: mulberry family,

nettle family, or the family Cannabaceae (see

HEMP). Hops are native to temperate areas through-
out the world.

The common hop is a tall, perennial, climbing
plant with large, toothed leaves. It is a dioecious
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plant with either starninate (rnale) flowers in clusters

or pistillate (female) flowers in a cone-shaped catkin.

This catkin is covered with thin scales called bracts.

The catkins are dried and used in brewing beer.

See a/so CAIKlN; FI-OWE,R; PF.RF,NNIAL l)LAN'l'.

The catkinlike female flowers of the hop plant are dried and
used to flavor beer.

HORIZON The horizon is where the land or sea

seems to meet the sky. It is also called the visible hori-

zon. At sea, where there are no visual obstructions,

the horizon appears about 2.5 mi. [4 km] away.

The horizon appears farther away when viewed

lrom a high place. This is because the earth is

round. For example, an airplane pilot flving at a

height of 1 mi. [1.6 km] sees the horizon 98 mi.

[158 km] away. This is because the pilot is seeing

HORIZON-Sky1iry
At the seashore with an uninterrupted view all around, the
horizon is where the sea seems to meet the skV.

HORIZON-Distance
The distance to the horizon varies depending on the height of
the observer above the ground. The higher the viewpoint, the
farther away the horizon appears.

farther over the curvature of the earth than a vicwer'

at sea level.

The celestial horizon is the circle that passes mid-
way through the zenith (the point directly above

the observer) and the nadir (the point directly
opposite to the zenith on the celestial sphere). The

celestial horizon is also called the astronomical
horizon.
See AIso CF-T,E,SI'IAL SI)HL,RL,.

HORMONE A hormone is a chemical sub-

stance that is produced in one part of an organism

and has an effect on another part of that organism.

The word ltormone comes from a (lreek word
meaning "to set in motion." Both plants and ani-

mals produce hormones. Hormones are vital body

substances that act as "chemical messengers" to
control body development and function (see

HOMEOS]ASIS).

Plant hormones Hormones are important in
the growth and development of plants. Most plant
hormones are concentrated in the growing regions,

such as the tips of stems and roots. The major plant
hormones are auxins, cytokinins, and gibberellins.

Auxins have several functions, including causing

the elongation of cells and the development of
fruit. Auxins produced in the tip of the stem

prevent lateral, or side, branches from growing.
Auxins are also responsible for the tropisms, or

bending movements of plants (see MOVF-NIF-N'l' OF

PLANTS). Cytokinins work closely with auxins by

controlling cellular division and cellular differenti-
ation (see DIFFERh.N'l'lAl'lON, CIL,LLULAR; N,'tITOSIS).
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HoRMoNE-lIgp!:-
The bending of plants toward the light is caused by growth
hormones. More of these hormones (auxins) are produced on
the side of the stem away from the light, which grows more.

Gibberellins cause a plant to grow larger. All three

of these hormones are closely related. Growth of a

plant is controlled by the balance of these

hormones.

Human hormones Most human hormones are

produced by the endocrine, or ductlcss, glands (see

(;I.AND). They are called ductless because they
secrete hormones directly into the blood and not
into tubes or othcr structures. The blood carries the

hormones throughout the body until they reach

the "target" organ or tissue. Although the amount
of each hormone in the blood is very tirry. it is

tightly controlled within certain limits. 'lbo much

or too little of a hormone often has a harmful effect

on the body. Thc major endocrine glands are the

pituitary, the thyroid, four parathyroid glands, two
adrenal glands, the sex glands, and the islets of
Langerhans.

The pitLritarv gland is located at the base of the

brain. It is sometimes called the master gland
becausc it sccrctes hormones that control rnost of
the other glands. The pituitary itself is controlled
by thc hypothalamus, which is part of the brain (see

IIR'\IN). The pituitary has three sections: the ante-

rior lobe, the intermediatc lobe, and the posterior
lobe. 'l'he anterior lobe produces six hormones.

Adrenocorticotropic hormone (AC'fH) controls

the cortex of the adrenal glands (see Rttnl,N,tl-
(ILANDS). Thyroid stimulating hormone (TSH)

controls the thvroid gland. Follicle stimulating hor-

mone (FSH) and luteinizing hormone (LH) con-

trol the sex glands. Prolactin stimulates the

production of milk in a mother who is breast-

feeding her child. Growth hormone (GH) is some-

times called somatotropin. GH affects growth by

controlling the way the body uses food in bLrilding

tissues. Too much GH during childhood or adoles-

cenc€ can cause a person to become a giant. Too lit-
tle can cause a person to be a dwarf. If an

abnormally large amount of GH is produced in an

adult, the result can be the disease known as

acromegaly.

In the 1980s, it becamc possible to produce large

amounts of GH bv genetic engineering (see cF-NF.'l'-

Ic-s). The process involves combining DNA from

cells that produce GH with DNA from cells that

will divide rapidly, such as cancer cells (see oNa).

One possible use of human GH is to help short

children grow taller. Sonrc athlctes have used (lH
and other hormones to boost their endurance and

performance . However, the use of hormones is

illegal in organized sports, ancl continued use of
hormones can lead to serious side effects.

In 1990, scientists reported that treating aging

men with GH rcvcrsed some signs of aging. The
hormone treatments caused better skin tone, loss of
fat, and gain of lean muscle and bone tissue.

However, human GH does not help the body
rebuild certain other parts, such as the brain, eyes,

ears, ligaments, or tendons. Also, scientists found
that GH treatments may cause serious side effects,

such as arthritis, diabetes, high blood pressure, or
heart failr.rre. Scientists are continuing their experi-

ments to de termine other possible dangers of using

GH to slow the effects of aging.

The only hormone produced by the intermediate
lobe of the pituitary is melanocyte stimulating hor-
mone (MSH). In some vertebrates (animals with
backbones), MSH controls color in the skin. The
function of MSH in human beings, however, is

unknown.
The posterior lobe of the pitr-ritary produccs two

horn-roncs. Vasopressin is also called antidir-rretic
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hormone (ADH). ADH controls the amount of
water in the blood. Too little ADH can result in the

disease diabetes insipidus (see trtaltt-ls). This dis-

ease is characterizcd bv the loss of great amounts of
warer. lt can lead to dehydration and death.

Oxytocin causes the muscles of the ute rus to con-

tract when a pregnant woman begins labor (see

PRt(INANCY). It also helps cause the release of milk
as a mother breast-feeds her baby. Recenr experi-

ments indicate tl-rat thcse rwo hormones are actu-

allv produced by the hypothalanrus and are simplv

stored in the posterior lobe of the pituitary.
'l'he thvroid glancl is located on both sidcs of the

trachear (windpipe) in the throat. It produces two

hormones that control body metabolism (see

MF.l'ALloLlsv). Thyroxine and triiodothyronine
rcgulate the rate at which cells use food to prroduce

energy. Too much of these horn-rones can cause the

condition known as hvperthvroidism. This is char-

acterized by increased metabolisrn, which results in
nervousness, weight loss, weakness, increased

heartbe:rt, and an abnornral bulging of the e1'eballs.

Too little of these hormones mav callse the diseasc

hvpothyroidism. 'l'his is characteriz-ed bv decreased

metabolism and results in sluggishness, weight
gain, slow heartbeat, and general tiredness. In order

{br the thyroid gland to function properly, there

must be enough iodine in the diet. Iodine is com-

monly aclded to table salt to prevent this deficiency
(see SoDIuM (lHI.oRll)L-). If there is a lack of iodine,

goitcr, or swelling of the thvroid gland, may result.

If a pregnant woman has too little iodine in l-rer

diet, she may give birth to a child with mental or

phvsical retardartion.

The parathvroid glands arc embedded in the thv-

roid gland. Thev produce parathvroid horrr-rone, or

parathormone. This hormonc controls how the

body uses calciun-r ancl phosphorus. These minerals

are vital for proper functioning of r-nusclcs, bones,

and nerves. Too littlc parathormone can result itr

tetany, a general contracting of muscles that even-

tually can cause dcath. 'lbo much parathormone

can causc an exccss of calcium in the bloocl. This

mav result in many problcnrs, inclr-rding kidney

and bladder stones, kidnev failr-rre, increasecl bloocl

pressure, and blood clots.

The adre nal glands are located on top of the kid-
neys. I'hese glands have two sections: the outer

adrenal cortex and the inner adrenal medulla. 'l-he

adrenal cortex produces scveral hormones.
Corticosterone and cortisol control the metabolism

of carbohvdrates, fats, and proteins. An injurv or

disease that affects the adrenal cortcx may result in

the underproduction of cortisol. 'I'his condition is

called Addison's disease . An overproduction of cor-

tisol results in Cushing's syndrome. Aldosterone

controls the salt balance in the bodr'. Cortisonc

helps the body adjust to changes in the environ-

ment and reduces inflamrnation. Alrdrogens are

male sex hormones that females also produce, it'r

lesser cluantities.

The adrenal medulla produces two hormones.

Epinephrine and norepinephrine arc also callecl

adrenaline and noradrenaline.'l'hese hormones

stimulate thc ne rvor-rs systelrr in tinrcs ol great

stress. They increase the heart rate and the amollnt
of energv available to the muscles.

The sex glands are the testes (testiclcs) and the

ovaries (see RF.PRol)UC'l'lVE SYS'l l:i\{). Thc testes

produce testosterone, a nralc sex hormotre. The

ovaries producc several hormones. Estriol (at'r csrro-

gen) ancl progesterone control thc menstrual cycle

(see v t-NS I RLIAL (lYC-l F). Progesterone is also

important during pregnancy. Rel:rxin hclps rviclen

the vagina (birth canal) just befbre tl're birth of ir

babv.
'l'he islets of l.angcrhans are part of the prancrcas

(see I'ANCiRn,rs). 'l'hev produce two hormc'rnes,

insulin and glucagon. Insulin causes the cells to

actively tal<c up glucose, thtts decrcasins the

amoLlnt of sugar in the bloocl. Too little insulin

results in thc disease cliabetes mellitus. 'Ibo much

insulin can cause the discasc hvpoglvcemia, rvhich

is characterized bv lor.v blood sugar (see INSLTI IN).
(i|"rcagon balnrnces instrlin, perfortning the oppo-

site function. Clltrcagon releases sug:rr intcl the

bloocl.

There are othcr hormones that are not producecl

by thc endocrine glancls. Thc hormones procluced

b1' the stomach, duodenunr, and small itrtestincs

flnction in tl-re digestion of foocl. Thcl'control the

procluctior-r of digcstive jtrices (see I)l(;lrsl'l()N).
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Hormones in other animals Most other
mammals produce hormones similar to those of
human beings. Other animals all produce hor-
mones, though not as much is known about
their functions. Pheromones are special hor-
mones released into the environment by fish,
insects, and some other animals. Pheromones

signal others of the same species and may be a mat-

ing signal or a warning of danger. 'I'he process of
metamorphosis is also controlled by hormones (see

I\,{I]TAMORPHOSIS).

How hormones wofk Hormones are generally

divided into three groups. The steroids, such as

those produced by the sex glands and the adrenal

cortex, are relatively simple chemicals. The second

group is made up of proteins and polypeptides (all

made from amino acids). The third group is the

amine group. Thyroid and adrenal medulla hor-

mones are amines.

Hormone research Realizing the importance of
hormones, scientists have tried to develop synthetic
(human-made) substitutes for the hormones.
These can be used to treat hormonal deficiencies

that may have been caused by malfunction, injury,

or disease of one of the endocrine glands. In addi-

tion, hormones have been shown effective in rreat-

ing other diseases. For example, cortisone is often

used as a treatment for arthritis and allergies.

Svnthetic sex hormones are used in birth control

pills. Birth control pills prevent a woman from pro-

dr-rcing an egg, and thus prevent her from becom-

ing pregnant (see CIONTILACEPTION). Synthetic

HoBryery! !&!!!"e
As it grows, a dragonfly
periodically sheds its old
skin. The timing of this
molting is controlled by a
hormone.

plant hormones have been used for many years to

increase crop producrion.
Recently, scientists have been able to produce

bovine growth hormone (BGH), the growth hor-

mone for cattle. Bovine growth hormone is somc-

times called bovine somatotropin (BS'l'). BST has

been used to make cows produce more milk.
Because the effect of hormone residues in milk is

not fully known, there is some concern among con-

sumers about BST-produced milk. Thcre have also

been experiments to produce the growth hormone

for pigs, which is called porcine somatotropin. In

one experiment, the pigs that were injected with
porcine somatotropin had greater weight, leaner

meat, and more efficient digestion. However, they

also suffered from more health problems, such as

arthritis, ulcers, and kidney disease.

Much remains to be understood about hormones

and the endocrine system. Research has suggested

that a person mav adjust better after traveling
across several time zones if the body has slightly

increased amounts of a hormone called melatonin.

Scientists are researching ways to clone the

hormone and inject it into a person to help lessen

the symptoms of the condition called "jet lag" (see

JET I-AG). Other research into melatonin suggests

that some people secrete an excessive amount of
melatonin during the winter when they do not get

enough sunlight. Depression, food cravings, tired-

ness, and other symptoms can result as part of the

condition called seasonal affective disorder (SAD).

The treatment for SAD consists of exposure to

special fluorescent lights that make up for the lack

of sunlight.
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HORNBILL'fhe hornbills are forty-five species

of tropical African and Asian birds that belong to

the family Bucerotidae. They have huge bills,
which are usually filled with air spaces and covered

with a thin layer of hard, bonelike material. The air

spaces keep the bill lightweight. Hornbills have

large heads and wings and long tails. Thev range in
size from 15 to 60 in. [38 to 150 cm] in length.

Their feathers are usually brown or black with
white markings. Most hornbills live in the tops of
trees and eat fruits and insects.

In most species, a fernale lavs her eggs in a hollow
tree. The male then fills up the opening in the tree

with clay and mud, locking the female and her eggs

inside. A small hole is left so that the male can feed

the female while she stays with the eggs, but it is

not big enough to let enemies enter the nest. After
the eggs have hatched, the male helps the female

break out of her "prison." They mal then fill up the

opening again, leaving the baby hornbills inside.

The adults feed the babies through a small hole

until the babies are almost fi-rlly grown. The young

hombills are then freed.

See a/so stuo.
.:\

HORNBILL
The great hornbill lives in forests in Asia. lt is a large bird,
growing up t0 nearly 4 ft. [1.2 m] long f rom the tip of its
curved beak to its tail.

HORNBLENDE Hornblende is a shiny
green, brown, or black mineral. It often occurs in
the form of dark, needlelike crystals. Hornblende
is a common mineral in igneous and metamor-

phic rocks (see tr,ttNuRal; ROCK). Some metamor-

phic rocks are composed entirely of hornblende.

The chemical composition of homblende is quite

variable. It is a silicate and contains aluminum
and other elements, such as sodium, potassium,

iron, and magnesium.

See nlso stt.tcA.

HORNBLENDE

Hornblende is a common mineralfound in igneous and
metamorphic rocks.

HORNET Hornet is the name given to several

species of large wasps. They are social insects that

live in papery nests made from wood and other

plant fibers that the hornets have chewed and

formed into a papier-mAchd-like substance. A hor-

net colony consists of one or more queens (fertile

females-that is, females which can reproduce),

many workers (sterile fsm2ls5-1hat is, females

which cannot reproduce) , and, at times, several

males. A queen starts the colony in the spring bv

building a small nest in which she lays only a few

eggs. The eggs develop into larvae, which mature

into workers (see LARVA). The workers then
increase the size of the nest, feed the queen and anv

developing larvae, and protect the nest. The queen

now lays many eggs. By the end of the summer, a

single nest may have thousands of hornets. Most

are workers, but there are also new queens and

males, which fly away and mate.

.i,*

t.
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\i/hen colder weather arrives in the flall, almost all

the hornets die and the nest is abandoned. Only the

new voung queens survive, and they hide away

until the spring. 'l'hen the process is repeated as the

queens come ollt of I'ribernatior-r and start new

nests. Hornets rarely use the same nest rwice.

Tinro comnron hornets are thc baldf,rccd hornct

and the giant hornet. Hornets can inject a strong

poison with their stingers. This poison causes

swclling and intense pain. Horncts arc hclpful to
humans, however, because thev feed their larvae on

flies, caterpillars, and other insects that humans

consider pests.

See dko 'WASP.

HORSE 'fhe horse is an ungulate, or hoofed
mammal, belonging to the orcler Perissodactyla (see

UNc;LlL-Al L). The horse evolved from a small animal

called eohippus that lived in North America and

Europe more than 50 million years ago.

Horses are bred in four main categories: ponies,

light horses, draft horses, ancl coach horscs. Thc
largest are draft horses, which weigh up to 2,420lb.

[1,100 kg]. A type of ponv called a Shetland is the

snrallest horse. Shetlands weigh about 308 lb. [140
kgl. The height of a horse is measured in "hands"

from the ground to the withers, a point between

the shoulder blades on the back of the horsc. A
hand is the average width of a man's hand, or 4 in.

[10 cm]. The largest draft horses grow to a height
of 20 hands (6 ft. B in. [200 cm]). The average

horse is about 1 5.2 hands (5 ft. Z in. l1 55 cml) tall.

Anv full-grown horse that is shorter than 14.2

hands (4 ft. 10 in. [147 cm]) is called a pony.

A horse's body is covered with hair that nray be a

solid or mixed color, or it may be spotted or
splotched. It has a long tail, which is used to brusl-r

away insects. 'l'he horse has large, keen eyes that

can move in opposite directions at the samc time.

Its ears can be moved to "catch" faint sounds. Most
male horses (stallions) have forty teeth, while
most fcmales (mares) have thirty-six teeth. Thc agc

and health of a horse can be determinecl by count-
ing the number of teeth and exanining their
condition.

The legs of a horse are well sr-rited for running.
The front legs are thinner than the hind legs and

can withstand the shock of absorbing the horse's

weight. The hind legs are larger and more mllscu-

lar to provide the strength needed for running and

jumping. The foot of the horse is made of one toe

with a strong, hard hoof. The rear of the fbot has a

tough, elastic pad that acts like a rubber heel in
absorbing shocks.

The mare has a pregnancy ol about eleven

months, after which she gives birth to one babl',

callcd a foal. A malc foal is a colt, and a femalc foal

is a filly. -l'he foal is able to walk and run a few

hours after birth. It is full-grown by the time it is

five years old. Stallions usually start mating when

they are two years old, and mares mate when they

are three or four. Horses live for about thirtv years.

The most popular pony breeds in the United
States are the Welsh, the Shetland, the Connemara,

HORSE-Evolution
The modern horse (far left)
differs greatly from its
ancestors, two of which are
shown at near left. Note the
difference in the bone
structure of the feet.
Eohippus lived in the
Eocene epoch, about 50

million years ago.
Merychippus lived during
the Miocene epoch, about
20 million years ago.

Eoh i ppus

Modern horse Merychippus
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Italian heavy draft Perc hero n

America n

quarter horse
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Thoroughbred

and the Pony of America. \Welsh ponies were used

in the coal mines of the country of Wales. The
Connemara is the largest pony breed. The Pony of
America is a cross between a Shetland stallion and

an Appaloosa mare.

The many breeds of light horses include
Arabians, thoroughbreds, and the American quar-

ter horse. Arabians have a thick face with concave

sides and a prominent forehead. They are known
for being able to run long distances without tiring.
Thoroughbreds are able to run fast, so they are

raised for racing. The breed of horse that is used

widely by cowhands in the western United States is

the American quarter horse. The quarter horse has

a wide range of abilities, which include stamina,

strength, and sturdiness. Many light horse breeds

were developed especially for their coloring: pinro,
paint, Appaloosa, buckskin, white, cream, and

HORSE-Breeds

Draft horses are the heaviesttypes of horse. They include the
Italian heavy draft and the Percheron, the world's
c0mm0nest cart horse. Riding horses are lighter. The
American quarter horse is used on ranches. The Appaloosa
was first bred from mustangs by Native Americans. The
Thoroughbred, originally from England, is used for racing.
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Morocco spotted horses are all light horse breeds.

Draft horses have strong, large muscles. The
main draft horse breeds are the Percheron, the

Suffolk, the Clydesdale, the Shire, and the Belgian.

Draft horses were originally bred to pull heavy

loads, such as on farms. However, draft horses were

largelv replaced by trucks and tractors in the early

I 900s.

Coach horses are breeds, both small and large,

that are raised specifically for pulling carriages. The

HORSE-Breedine
After a pregnancy lasting about eleven months, mares give
birth to one baby (foal). A foal can stand and walk when it is a
few hours old and soon starts drinking milk from its mother.

HORSE-Marsh dwellers

The semiwild horses (left)
of the Carmargue, France,
graze on grasses that grow
among the reeds of the
marshes.

breeds include the Hackney, Cleveland Bay, French

Coach, and the American Carriage Horse.

Horses are herbivores (plant eaters) and eat

grass by biting it off near the ground. Horses have

been domesticated for thousands of years and

have been used for many purposes. The only
truly wild horse still in existence is Przewalski's

horse, but even this stocky, light brown animal

can now be seen only in zoos and reserves. The

other so-called wild horses of today are actually

domestic horses that escaped and started to live in
the wild again. The number of these "wild
horses," called mustangs in the United States, has

dropped from several million in the I B00s to
fewer than twenty thousand today. For this rea-

son, federal laws have been established to protect
them against hunters.

HORSE CHESTNUT n horse chestnut is a
tree that originally came from eastern Europe and

western Asia and is now found throughout the

United States. It is very closely related to the
American buckeyes. It is planted as an ornamental

tree because it provides good shade and has lovely

flowers. The flowers are pink or white. They grow

in conical clusters. Large seeds grow inside a green,

spiny case. The tree is called a chestnut because the

seeds of the tree resembles the nut of the American
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chestnut. However, the two trees are not closely

related. 'fhe horse chestnut tree grows to B0 ft. [24
ml in height.

See also CHF.STNLJT.

HORSE CHESTNUT

Horse chestnut flowers grow in upright clusters that,
because of their shape, are sometimes known as "candles."

HORSEFLY The horsefly is any of numerous

species ol stout-bodied flies with large, brilliantly
colored compound eyes (see EYE AND VISION). The
female bites human beings, horses, and other

HORSEFLY

animals. After making the bite with the sharp,

needlelike mouth parts, she sucks blood. Male
horseflies usually feed on nectar and do not bite ani-

mals. Larvae develop from eggs, which are usually

laid near brooks or streams. The larvae eat earth-

worms and other small, soft animals (see I-nnve).

Horseflies may carry disease-causing parasites

and bacteria (see PARA.SITE). The horsefly is some-

times called the gadfly.

See also rrv.

HORSEPO\7ER Horsepower is a unit of
power equal to 746 watts (see vat"t'). Power is the

rate at which work is done. Originally, one horse-

power was reckoned to be the power of one horse.

It was used to describe early steam engines. lf a

steam engine had a horsepower of two, then it
could do the work of two horses.

For an automobile engine, the horsepower can be

calculated from the rate of work of the pistons.

This is called the indicated horsepower. Some of
this power is used to overcome friction inside the

engine (see FRIC-i'loN). The rest of the indicated
horsepower drives the automobile. This is called

the brake horsepower.

HORSERADISH Horseradish is a perennial,

herbaceous plant belonging to the mustard family
(see HERBACEOUS PLANT; MUSTARD FAMILY; PL,RI,N-

NIAL PLAN'I'). It is native to Europe. It has long,

toothed leaves growing from large roots. The
roots are grated for use in making the sharp-tasting

relish that is also known as horseradish or horse-

radish sauce.

HORSERADISH

Pictured is a frontview of the head of a horsefly, showing its
mouth parts and brilliantly colored eyes.

Horseradish has large thick roots that are grated to make
horseradish sauce.

927



HORSESHOE CRAB The horseshoc crab is a

sca animal belonging to tl're phylum Arthropoda.
'l'he anin-ral is not a true crab. It is more closely

relatecl to spiders and scorpions (see ARTHROI)ol)A;

(:RAB). It is an-rong thc last members of a largc

group of animals that lived rnillions of vears ago.

The horseshoc crab lives in the Atlantic C)cean

from Maine to the \7est Indies. Thc animal is also

found in the Pacific C)cean lrorn Japan south along

the (lhina coast. The horseshoe crab is solnctimes

called a king crab. However, it is not related to the

Alaskan king crab or the Japanese kir-rg crab, both

of which arc true crabs.

The front end of the horseshoe crab's body is cov-

ered with a wide, horny shield. \When seen from

underneerth, this shield has a horseshoe-shapcd rim,

lrom which the anin'ral got its name. The animal's

body has two segments. C)ne is made up of a large

head and thorax. -fhe other includes a smaller

abdomen (see nutlcltr,ttN; fllORAX). A long, sharp

spine sticks out from the end of the abdomen. The

body of thc horseshoe crab may be 24 in. [61 cm]

in length, including the spine. 'l-he animal has six

pairs of legs. 'fhe legs end in claws, which are used

to seize and tear apart food.

The horseshoe crab stavs mostly in 13 to 36 ft. 14

to 1 1 m] of water. It crawls onto beaches in early

slunmer to lal' its eggs.

HORSETAIL The horsctail is any of about

twenty species of primitive land plants belorrging rcr

clivision Sphenophvta. Horsetails are clistantly

relertcd to ferns and clr-rb r-nosses. fhe1, grow in
damp places r.rearly all over the worlcl. -I'hcv 

are

rarely more than 2 or 3 ft. [(r0 or 90 cm] high.

Sorne look just like pencils sticking up frorn the

ground or the water, but others have whorls of slcn-

der green branches. Horsetails grow lrom perennial

rhizomes (see l'hRL,NNlAt- I'l.ANT; RHIZ()ME).

HORSETAIL

Horsetail stems (right)
contain gritty particles of
silica. They were once used
for cleaning pots and pans.
For this reason, the plant
was sometimes known as

scouring rush.

HORSESHOE CRAB

The horseshoe crab, or king
crab (below), is the only
surviving species of a group
of arthropods that were
common in the oceans
millions of years ago.
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Horsetails do not produce flowers. Instead, they

produce reproductive sterlks with conelike struc-
tures containing spores.

Horsetails are the sole survivors of an important
group of plants of the Carboniferous period, when

some horsetail species grew as large as trees. Their
remains form an important part of coal.

See rtlso CARBONIFF,ROLJS PITRIODt I'}l.AN'l' KIN(;I)OM.

HORTICULIURE Horticulture is a branch ol
agriculture that specializes itr increasing the quality
and qunntity of fruits, vegetables, flowers, grasses,

trees, and shrubs. The word horticu/ture comes

from the Latin word hortus, which means garden.

Horticulturalists try to determine the best glowing
conditions for plants-including types of soil,
tr.pes and amollnts of fertilizers, methods of culti-
yation, and methods of insect, weed, and disease

control.
Horticulturc has led to the developrnent of

stronger and more producrive varieties ol plants.

Such plants have made it possible for farmers to
produce rnore high-clualitv food on Iess land.
Careers in horticulture inclucle lnrnclscape architect
(a person who designs and plans land-development
projccts, inclLrding arrangenrents of trees, flowers,

and so on); greenhouse, orcharcl, or nursery (place

where voung plants are raised) operator; ancl horti-
cultural researcher.

See a/so ACRICUI.f UI{F.; BOTANY.

HOUSEFLY The housefly is one of the most
widelv distributed of all insects. It has a dull gra,v,

bristled body that is abor-rt 0.3 in. [7 mm] Iong. It
has large, reddish compound eyes (see L,yL. ANI)

\/ISION). Its mouth, which consists of a spongy pad,

cannot bite. The housefly eats by oozing saliva and

digestive juices over food and then sponging up the

resulting solutior-r. In this way, houseflies contami-
nate large amollnts of food. Hor-rseflies often carrv

one or more disease-causir-rg microorganisms in
their saliva or on their bodies and legs (see

1\,,IICROOR(IANISM).

Houseflies usually live and breed in or near

garbage or organic wastes (such as feces). The
lemale lays about onc hundred eggs at a time and

as many as one thousand during hcr lifetime. The

eggs hatch into larvae (plural of larua), or maggots,

in twelve to thirty hours. The rnaggots molt several

tinres befcrre becoming pupae (plural of Stupn) (scc
j\{l;lANlORPlIOSIS; \l()l.lrN<;). Within a few dat's,

the pupae become adults, ar-rd the cycle begins

again. Most adult houseflics live for about thirtv
days in the summer, and longer wher-r the weather

is cooler. Colcl weather usually kills off the adr-rlts,

but larvae and pupac arc ablc to survive thc winrer.

See a/so rtY.

HO$fLER MONKEY.I'he howler monkcy is

anv of five species of monkevs belor-rging to genus

Alouattd of the familv Ccbidac. Howlcr rnonl<cvs

are the largest in this family, often growing to a

length of 2 ft. [60 cm] with tails at lcast that long.

They weigh about 17.5 16. [7.9 kg] and have red,

black, or brown fr-rr. Howler monkeys live in tropi-
cal lorcsts in Sorrth Arnerice.

The howler monkev gets its nanre fronr its deaf-

ening, howling roar. Its howl is so loucl thar it can

be heard more than 1.8 mi. [3 km] arvar'. 'l'he

sounds are amplificcl in a largc, bonv rcsonatilrg

chamber in the throat. This chamber produces an

obviolrs swelling under the chin. Howler rlonkeys
live in trees, sometimcs hanging bv their tails while
feeding on leaves and frr-rits. They usually travel in
fhmilv groups of fifteen to twentv.

See a/so N,'lONKl,Y; RhSONANC-I:.

HOWLER MONKEY
The howler monkey gets its name from its loud cry that can
be heard more than 1.8 mi. [3 km] away.
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HUBBLE, ED\UNN PO\TELL ( 1 BB9-1 953)

Edwin Hubble was a famous American astronomer.

He was interested in nebulae and galaxies (see

GALAXY; NEBULA).

He worked at the Mount'Wilson Observatory in

California, with its lamous 100-inch 1254-cml tele-

scope (the largest in the world at that time). He used

this telescope to find stars outside our galaxy and to

help show that there are other galaxies outside our

own. In 1929,he showed that a characteristic of the

light received from these galaxies could mean that

the universe is expanding (see Rno sHtFl').

Some scientists believe that all the matter of the

stars was once concentrated in one very dense

lump. The lump exploded, and the fragments

became the stars. The stars are moving apart like

bits of an exploding bomb. Hubble calculated that

this explosion occurred about l0 billion years ago.

The ratio of the speed at which the galaxies are

moving to their distance from Earth is called the

Hubble constant. The Hubble Space Telescope,

HUBBLE SPACE
TELESCOPE-How it
works

The Hubble Space Secondary mirror

Telescope has a primary
mirror 8 ft. [2.4 m] across,
with a 13-in. [33-cm]
secondary mirror. lts
instruments include
cameras to photograph
heavenly bodies such as
planets and stars and a

photometer to measure
their brightness. lt is
powered by solar panels.

launched into orbit by the United States in 1990,

was named for Edwin Hubble.

See also COSMOLOcIY; 'I ELESCOPE.

HUBBLE SPACE TELESCOPE-In orbit

The Hubble Space Telescope, launched into orbit by the
United States in 1990, was named for Edwin Hubble.

Primary mirror

930

Solar panels
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- HUIVIAN BEING

H.rn"r beings are unique among the creatures

that inhabit the earth. The features that human

beings share-and that make us different from
other animals-include a large brain, the ability to
walk upright on rwo legs, the ability to speak and

write language, a dependence on learned behavior

for adaptation and survival (including the making

and using of tools), and self-consciousncss. Because

of our large , highly developeci brain, hurnan beings

have the ability to think, work out problems, and

form ideas. A combination of this unique brain and

a highlv developed voice enables us to speak. We

therefore can communicate our ideas to others.

The skill with which we human beings can use our
har-rds is also unique. With this skill, we can use

tools, write, and create art-again allowing us to

communicate ideas and to record them. All art,

religion, science, literature, and other aspects of
culture and civilization are the results of such

abilities.

Human beings are the only creatures to study

ourselves and our achievements. Anthropologv is

the study of humankind, inclr-rding common
human ancestry and characteristics as well as the

diffe re nces among various human groups.
Anatomy studies the structure of the human body.

Phvsiology is the study of how the body works.

Through psychology, the human mind is explored.

Sociology is the study of how people behave in
groups. Human beings study the nature and work-
ings of the world around us through many
branches of science, such as astronomy, biolog,v,

chemistry, geology, and physics. These studies, and

many more, help us understand ourselves and plan

for the future. Such studies have enabled people to

survive in various surroundings. By developing
agriculture, engineering, and medicine, we have

been able to use and control many aspects of the

environment to our advantage. On the other hand,

human beings are the most destructive of creatures.

Besides the capacity to destroy ourselves and all

other life, we have the ability to change the balance

of nature. Among other things, humans create pol-

lution that kills plant and animal life.

Scientific classification Human beings belong

to the animal kingdom. Within the animal king-

dom, scientists place human beings in the phylum
Chordata, and the human backbone puts human

beings in the subphylum Vertebrata. Vertebrates

form several classes, among them Mammalia, to

which the human being belongs. Nearly all
mammals give birth to live young and nurse them

with milk (see ANIMAL KINCII)OM; CHORDATA;

HARSH EN\4RONMENT
Human beings can survive
in extremely harsh
environments. They can
live in scorching hot
deserts or in the freezing
cold of the Antarctic (left).r",.r, ,r !,!ii: i i:i
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HUMA BEING f-
CLASSIFICATION OF I,IVING ORCANISMS; MAMMAL;

VERTEI]RAI'E).

The more than four thousand species of mammals

make up nineteen orders. Scientists place human

beings, apes, monkeys, lemurs, and tarsiers in the

order Primates. Primates have well-developed con-

trol over their fingers and toes and can grasp objects

easily. Most primates have excellent eyesight and

stereoscopic vision. Stereoscopic vision allows pri-
mates to judge depth. Human beings, monkeys, and

apes make up the suborder Anthropoidea (see

AN'fHROPOID; PRlNdAItr). People and apes alone fornr

the superfamily Hominoidea. The family of human

beings, the Hominidae, includes human beings of
prehistoric times as well as all modern human races.

Some scientists divide this family into two groups,

genus Austrdlopithecus and genus Homo. Other sci-

entists divide the family Hominidae into several dif-
ferent species. Scientists agree that all living human

beings today are genus Homo, species sapiens (see

HOMINID; HOMO SAPIENS). Homo sdpiens are Latin
words that mean "wise man."

The development of the human being
Human beings and the apes have developed from
the same primate ancestor. This ancestor is now

extinct. The most important differences between

apes and human beings are brain size and the abil-
ity to walk upright. Ramapithecus, an ape that lived
about B million years ago, showed some human

HUMANANCESTOR
Ramapithecus, an ape that lived in Africa, Europe, and Asia
about 8 million years ago, had some human characteristics

characteristics. However. true hurnanlike creatures

clid not occur until much later. More than 4 mil-
lion years ago, a more advanced humanlike crea-

ture, which anthropologists call Austrnlopithecus,

appeared in Africa. In 1961, Louis Leakey discov-

ered a fossil skull in Thnzania. This skull had a

nruch larger brain than Ausna/opithrczs. This fossil

is about 2 million years old. Anthropologists refer

to it as Homo habilis arnd consider it the first human

being partly bccause of its association with tools

and culture (see LF.AKF.Y FAI\{ll.Y) .

More recent fossils show definite relationships to

human beings. Fossils dating fioni 1.5 million to
200,000 years ago are classified as Homo erectws (see

HoMo ERECTUS). Examples are the Java man and

Peking man. From this creature, several types of
human beings seenl to have developed. One was

the Neanderthal. The Neanclerthal had a thick,
stocky body and enlarged eyebrow ridges.
However, the Neanderthal possessed a large brain.

The Neanderthals also used various stone tools and

buried their dead. Thev lived in Europe from :rbout

200,000 to 60,000 years ago (see NF.ANDITRTIIAL).

Although Neande rthals are classifi ed as Homo sapi-

azs, today's humans probably are not descended

from the Neanderthals. The modern human being

probably evolved separatelv, directlv from Homo

erectus. Some of the earliest ktrowrr remains of
Homo sdpiens, such as the Steinheim man and the

Swanscombe man, are 275,000 years old. Arnong

the most famous prehistoric humans are those

found in France at Cro-Magnon and elsewhere.

They lived in caves. The caves were decorated with
drawings (see CRO-MAGNON).

Races of human beings All modern human

beings are placed in the same biological species,

Homo sapi€ns. Many people have suggested that
human beings be divided into five main races.

They are Caucasoid, Negroid, Mongoloid,
Australoid, and Capoid. Other anthropologists,

people who study human groups, reject racial clas-

sifications. However, anthropologists nevertheless

study the relationships among groups living in var-

ious parts of the world.
See ako ANTHROPOLOC;Y.
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HUMBOLDT, BARON ALEXANDER
VON (r769-1859) Baron Alexander von Hum-
boldt was a German scientist and explorer. He is

famous for his travels in South America, Europe,

and Asia. He used the information rhat he collected

on his travels to add to knowledge in many fields.

Hurnboldt drew the first isothermal map. This
showed the different clirnates of different places

(see lscls,ln AND ISCII-HF.RN{). He also linked this

information with the tvpes of plants that grew in

different places. He studied volcanoes and sea cur-
rents. The colcl current that flows north from the

west coast of South America is named after him, as

is the r-rr-riversity in Berlin.

Humboldt turned his five-year journev around

South America (1799-1804) into a book. The
book took rwenty years to write. It was full of lrew

infornatiorr about biologv, astrononl)', and geol-

ogv. His last book was called Kosmolln this book,

Humboldt tried to show the wav everything in the

universe fi ts t.,gcthcr.

HUMERUS thyno'mar as) The humerus is a
large bone in the upper half of the arm of a human

being. The hr-rmerus is between the shoulder and

the elbow. The upper part of the bone has a ball-

HUMIDITY
ln tropical regions the
humidity can be very high
and the air becomes
saturated with water vapor
Some of the water vapor
condenses out of the air
and forms mist. For this
reason, the vegetation is
known as cloud forest.

shaped head. This head fits into a cup-shaped

hollow, called a socket, in a large bone in the back

called the shoulder blade. The head of the humerus

can move around quite freely in its socket. This
allows the arm to move in many directions.

HUMIDITY HLrmidity is the amount of water

vapor in the. air. Absolute humidity measures the

amount of water vapor in a given volume of air (see

\APOR).

The warmer the air is, the nlore water vapor ir can

hold. However, at anv given tempereture, the air

can only hold a certain amount of water vapor. If
the air is holding as much water vapor as it possibly

can, the air is said to be saturated. When this hap-

pens, the temperature is equal to the dew point,
and some of the water vapor condenses out of the

air in the form of dew, mist, or fog (see coNDEN-

\A I I( )Ni I)L\ I'OINT).

Relative humidity is the amount of water vapor

in the air compared with the amount needed for

saturation. \X/hen the air is saturated, the relative

humiditv equals 100 percent. If the air is holding

half as much water vapor as it possibly can, the rel-

ative humiditv equals 50 percent.

Meteorologists measure relative humidity with an
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i nstrumen t cal lecl a hygromctcr (scc H \'( ; R( ) \'1 L'l'L:l{).

Humidity has a significant effect on cornfbrt, cspe-

ciallv on hot days. On a hot day with high humid-
itv, most people feel stickv because perspit'ation

cloes not evaporate off their bodies (sec l.v,ll'tlRa-
'l't()N). 'l'he verv low hLrrniclity associatecl with bit-
ter cold winter weathcr gives people a biting
scrrsation in thc wirrtcr eir.

S e e a ls o N'l lr'l'F.( )R( ) t.( Xl\'; \(rl:A'l'I I f.l{.

HUMMINGBIRD
Hummingbirds feed mainly 0n the nectar of flowers. The birds
hover and plunge their long beaks and tongues into the
blossoms. This action often fertilizes the flowers.

HUMMINGBIRD A hummingbird is a very

small bird that belongs to the familv'lrochilidae.
There are fifteen species found in North America.

Fourteen species are lound onl1, in the western

and southwestern part of North America. Only
the ruby-throated humrningbird is found east of
the Mississippi River. Hummingbirds are the

smallest of all North American birds.

The smallest hummitrgbird is the bee hum-
mingbird of Cuba at2in. [5 cml long. The largest

is the giant hummingbird of the Andes at 8 in.

[20.3 cm] long. Most species are about 3 in. [6.8
cm] long. Hummingbirds are so named because

their wings beat very fast, creating a humming
sound. They can hover in midair and even fly

backwarcls. Hunrrnir-rgbirds have a hieh rlrte ol
rnetabolism (see Nll:.1'Au()t I.s\i).'I-hev rcclr.rire large

amounts of fbod to survive. 
-I'hc 

bircls errt sugrtr-

rich nectar, which they sr-rck out of flowers r'vith

their long, slencler bills ancl tongues. 
-l'l'rcv 

also eat

sma.ll insecrs.

See a/so Rllltt.

HUMUS (hyoo' nras) Hunrus is tl.re clark, rich

part of soil. It comes from cleacl plants and ani-

nrals. 
-I'he 

plants and anit'n:rls clic, frrll to the

ground, and slorvly clecal' aud rrre rlixecl inro rhe

soil. This process retunrs trutrients (nourishing

substances) back to the soil fronr rvl-rich thev

came. A sandv beach has no humus. 'fhe soil in a

forest has a great deal of humus. The lcavcs f ronr

the trees that clie and f:rll to the grouncl help builcl

up hr.rmus.

Humus is important to nrgriculture bccause it
binds the soil particles together ancl helps the soil

to hold water. It also provides croprs with some

nutrients. Ilthe humus irr soil is clepleted, thc soil

mav lose its ability to grow healthv crops.

See tlso SoIt..

HUMUS

Humus forms from the decaying bodies of dead plants and
animals. Nutrients formed in the decay process feed new
plants, which grow and eventually die and decay. As a result,
over a period of time, the formation and use of humus is a
cyclic process.
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A hurricane is a violent tropicnrl cyclone, with
wirrds of at least 74 m.p.h. [119 kphl (see

(-\'(lt.()Nt.). Tropical cyclones are named according

to where thev fbrm. A l-rurricane forms over the

West Indies or the eastcrn Pacific C)cean. A

tvphoon forms over the western Pacific Ocean.

Hurricane formation 'fhere are several

requirements lor hurricane forn'ration. Hurricanes

can onlv deveiop-r over ocean waters of at least 80"F

127"C). Thc mrea of formation must be at least 5'
latitude away lrom the equator. At the equator,

there is no Coriolis eff-ect (see (.oRloLIS F.FI;l'.(.'l').

The Cloriolis effect is needed to produce cvclonic

STRUCTURI OF A HURRICANE

The swirling winds near the center of a hurricane often reach
speeds of more than 74 m.p.h [119 kph]. But in the very center,
called the eye of the storm, it is calm with hardly any wind.

,*f.'@l
..# ,",.i;

#.,*Jt 
'

HURRICAI\E

rvind circr-rlation. (-vclonic winds are coLlnterclock-

wise in rhe Northern Hen-risphere and clockwise in

the Sor-rthern Hemisphere. Ilthe first two rcqr.tirc-

me nts lor creating :r hurricane are met, a large mass

of thunderstorms can cclmbine to form a comnlon

upclrafi, thus crcaring an area of low atmosphe ric

pressure (see at l,'tctsPHI-.RI--). \Winds begin to
revolve in a cyclonic direction around the low-

pressure area. At the samc rime, watcr is being

evaporatecl ancl condensed, pumping energv intcr

thc system.

There are three stages in the lormation of a hur-
ric:rne. 'lropical depression is the stage in which

the storm is rather undef-ined but appears to be

strerrgthening. When the depression gains more

power, it is called a tropical storm. \Zhen the

wind speed reachcs 74 n't.p.h. [119 kph], it is

called a hurricane.

--l

I

I

.s

Warm moist air above tropical seas
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HURRICANE

Hurricane structure f'he cenrer of the hurri-
cane is a calm area called the eye. This area of low-
est atmospheric pressure measures about 3 to 5 mi.

[5 to 15 km] in diameter. In the eye, the weather is

calm, and the skies may be clear. Surrounding the

eye is a doughnut-shaped area called the anulus. In
the anulus exists the most violent weather of the

hurricane. Huge cumnlonimbus clor-rds form a wall

around the eye (see til.OUD). Severe thunderstorms
and winds of 130 to 150 m.p.h. [209 to 241kph]
have been recorded in the anulus of a hurricane.

Surrounding the anr-rlus is a Iarge, spiral-shaped

area of rain and scattered thunderstorms. The full
diameter of a mature hurricane is usually from 300

to 600 mi. [480 to 960 kml, and sometimes larger.

The clouds may reach 18,000 ft. Ii.l krn] into the

atmosphere.

Hurricane movement and destruction
Hurricanes usually move westward at first, but then

shift to north or northeast. In the United States,

this movement makes the coasts of the GLrlf of
Mexico and the Atlantic Ocean particularlv vulner-
able to a hurricane.

Hurricanes are usually preceded by a storm surge.

Storm surges are great waves that may cause exten-

sive damage to coastal areas. As the hurricane
moves over land, strong winds and rain increase in

intensity until the eye arrives. There may be an

hour of calm winds and no precipitation. How-
ever, when the eye moves on, the full fury of the

storm returns.

Hurricanes rapidly lose energy after they reach

land. This happens because the moisture source is

cut off and because of friction between the storm

and the land. If a hurricane travels far enough

north, it may cross a front and be transformed into
a regular storm (see r.RON'l').

The National tWeather Service watches all hurri-
cane activity and informs the public of any impor-
tant developments. If a hurricane threatens a land

area, a hurricane warning is issued. This means that
the population of that area must take the necessary

precautions to avoid damage and casualties.

See a /so ML,'t'L,oROLOGY; vEA fHtR.

AIRIAL \TE!T
This view of hurricane Fefa was photographed over the
Pacific 0cean on August 3, 1991.
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HYACINTH The hyacinth is a spring flower of
the lily family Liliaceae (see t-tt-v FAMILy). The
hyacinth's sweetly scented, bell-shaped flowers of
blue, pink, white, yellow, or purple bloom in
March and April on stalks that grow from 6 to 1B

in. [15 to 46 cm] high. Hyacinths grow from bulbs

in open beds, hothouses, and in the home.

The hyacinth originated in westem Asia and

north Africa and was brought to Europe in the early

1800s. Today, it is a popular plant in many parts of
the world. The soil and climate of the Netherlands

provide a particularly favorable place for growing
hvacinths. The Dutch plar-rt a large number every

year near Haarlem. They ship the bulbs to many

parts of the world, including the United States.

Hyacinths raised in open beds need rich, well-

drained soil. The bLrlbs are planted between
September and November, and flowers appear in

the early spring. Gardeners usually tie the stems to

HYACINTH
These hyacinths have large, heavily scented, cream-colored
flowers. The smaller blue flower is called grape hyacinth for
the shape of its flowers, which resemble bunches of grapes.

stakes for added support. In summer, after the leaves

have withered, the bulbs are dug up and stored for
replanting.

HYATT, JOHN \TESLEY (r837-1e20) John
Hyatt was an American printer who invented many

different things. He developed a filter that made it
possible to purifi, a large amount of water. He also

invented a roller bearing that is still used in mod-

ern machinery. His most important work was in
the use of cellulose. He read that a prize was to be

given for the best idea for making a synthetic bil-
liard ball. Billiard balls then were made of ivorx
which was rare and expensive. Hyatt made a mix-

ture of nitrocellulose, camphor, and alcohol in
1868. This could be molded under pressure when

it was gently warmed. He won the prize and

patented his invention, which he called celluloid.
He also developed a way of making thin sheets of
celluloid suitable for use in photography. Hyatt's

work with cellulose made him a pioneer of plastics.

See ako CELI.ULOSF,; PI-ASTIC.

HYBRID A hvbrid is the offspring of parenrs of
two different species or of nvo different breeds of
the same species. Hybrids between different species

are quite rare because the genes and chromosomes

of the two species do not react correctly, but
hybrids can be produced if the parent species are

closely related. The term hybrid can refer to both

plants and animals. An example of a hybrid animal
is the mule. Its parents are a jackass (male donkey)

and a mare (female horse) (see MUl.F.). Most hybrids

between dilferent species produce lew offspring or

are unable to produce any offspring at all, br-rt

hybrids between different races of the same spccies

are often very fertile.
Hybrids can occur naturally or be created by

hu.mans. Each parent of a hybrid has a different set

of genes. These genes are passed on to the offsprir-rg

during reproduction (see ct-NE). Sometimes, new

races are created that are better able to handle their

surroundings than their parents. They may be

hardier, prodr-rce a higher vield, or be more resistaut

to clisease than their parents. For example, some

hybrid tomatoes contain rnore vitamins than either
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HYBRID

This purple orchid is a hybrid between two other species, the
spotted orchid and the fragrant orchid.

pa.rent. Hvbrid corn produces higher vields and is

more resistant to disease and drought (long periods

of little rain) than its parents.

See a/so BREEDING.

HYDRA The hvdra is one of the simplest multi-
cellular animals and is one of the very lew members

of the phylum Cnidaria that lives in fresh water (see

CNII)ARIA). 'l'he largest hydras are only about 0.6

in. [15 mm] long. The body of the hydra is called

a polvp. Polyps are tube-shaped and sessile, mean-

ing thev usually stay in one place. The hydra
attaches to rocks and underwater plants by means

of a tiny pedal disk. It sometimes moves by sliding
along on this pedal disk or by somersaulting
through the water.

The hydra has a mouth opening at the unat-
tached end of its body. The mouth is surrounded

bv five or six arms called tentacles, which are used

to capture insect larvae and other tiny water ani-

mals. Prey are paralvzecl by a poison in jected

through nernatocysts, tiny stinging threads in the

tentacles. The hvdra is said to have an incomplete

digestive system because fbod enters and wastes

lelve through th. rlnrc opcning.

Hydras usually reproduce bv budding, eerch bud

becon-ring a new organism (see ASf.XUAI- RL.l)Ro-

DU(l'l'l()N; llUt)t)lNC). ln cool weather, however,

hydras reproduce sexr-rally. The hydra forms sperm

and eggs, which join within its body to form
embryos (see HERi\,lAPHR()l)ll-1,; RL,PR()l)Ll(l'l'lON).

These embryos c-levelop tough coats, lvhich protcct
them from drying or temperature changes. This is

probably an adaptation to allow hydras to survive

in areas where their habitat (poncls or lakes) dries

up for part of the year. Hydras can regenerate lost

parts and, in fact, regenerate all their bodv cells

every fbw weeks (see REGENFRATION).

The most common hvdras are the green hvdra

and the brown hvdra. They get their color from
algae, which live symbiotically within the inner
layer of cells olthe hydras.

See also SYMBIOSIS.

HYDRA

The hydra is a simple
animal, looking more like a
plant than an animal. lts
body consists of only two
layers of cells.
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HYDRANGEA

Hydrangeas are grown for
their large, showy flowers.
The color of the flowers
may depend on whether the
soilis slightly alkaline (pink
flowers) or slightly acid
(blue flowers).

HYDRANGEA Hydrauged is a genus of flower-

ing shrubs in the family Saxifragaceae. One specics

grows 30 ft. [9 m] high. l.he flowers are white,

pink, or bluish and gror'v in large, showy clusters.

Each inclividual flower has four or five petals.

Hvdrangeas grow best in rich, slightlv moist soil

and in partiallv shaded areas. 'l'hey bloon'r from late

summcr until fall. Hydrangeas grow wild in North
and South America anc{ in eastern Asia.

Pink hydrangeas produce blue flowers when

grown in soil treated with aluminum sulfate, or

alum. Linie added to the soil makes blue
hydrangeas produce pink flowers. Hvdrangeas are

grown by planting either cLlttings or sceds.

HYDRAIE A hydrate is a compound (chemical

substance composed of two or more elements) that

forms crystals containing water. The water mole-

cules are linked to the molecules of the compound.

The water is called water of crystallization. The

nun-rber of molecules of water can be shown in the

chemical formula. For example, the formula for
sodium carbonate is Na2CO3. When it forms a

hydrate, it takes up ten molecules ofwater. The fbr-

mula is now Na2CO.r' 10H2O.

The salts of some metals form more than one

hydrate. Copper sulfate lorms at least three. They

can be written Cr-rSOa' H:O, CuSC)a' 3H-,'O, and

CuSOa' 5H2(). Copper sulfate in the form of its
hydrate makes deep blue crystals. If it is heated,

the water of crvstallization evaporates. The blue

color disappears. 'ifhite powder is left, containing

no water. This is copper sulfate in its anhydrous

state. Anhydrous nteans "without water." When
water is added, the blue color returns (see COI'PI-R

SUI-FATE).

Cobalt chloride shows a color change when it
gains water. \When it is a hydrate, it forms pink
crystals. It is blue when it is anhydrous. It can be

used to show whether there is moisture inside a

container or not. The blue crystals become pink if
moisture is present.

Some hydrates lose their water without heating.
tWhen the air is dry, their crystals become white and

powdery. This is callecl efflorescence.

See dko F.FITLORtSCII:NC.F..
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HvIRAULICS

Hvdraulics is a branch of phvsics with severaisub-

divisions. It is the studv of the characteristics and

behavior of liquids at rest and in motion. Practical

applications of hl.clraulics ilclude ciyil engineering
(control of rivers, irrigation systems, and water sup-

plv svstems) and mechanical engineering (machine

design, such as water turbines, hydraulic jacks and

presses, and pumps).

Some laws of hvdraulics apply to all fluids-gases
as well as liquids. However, they apply only under
certain conditions. -I'his article will focus on liq-
uids. 'l'he basic dilference between a liquid and a

gas is that a liquid cannor be compressed. This
characteristic of liqLrids makes them very useful for
some kinds of work. 'l'he molecules of liquids can

move about easily but cannot be squeezed any

closer together. When pressure is applicd to liquid
in a sealed container, the liqLrid instantly transfers

the pressure equallv in every direction.

Hydrostatics and hydrokinetics The studv
of liquicls at rest (hydrostatics) considers such
things as lruovancy and prcssure (see BLjOYANCY;

t,nl,ssunl-). 'f he behavior of liquids ar re st is
described bv rhe lar,vs of hvdrostatics (see HvoRc.r-

S 1,,\l l(.S). Onc such law is thirt the prcssure exerted

b-v the rveight of a column of liquid is detennined

PRINCIPLE

This diagram shows the principle of tf'e hyOraLlr prrrr.
Pressure applied to the smaller piston (left) is transmitted by
the hydraulic fluid to the larger piston (right), where it exerts
a much greater force.

by the height of the column. Another is that an

object placed in a liquid will seem to lose as much

weight as the weight of the liquid it displaces.
'fhese two laws explain why some objects will float

while others will sink in a given liquid.
The study of liquids in motiorr (hydrokinetics or

hydrodvnamics) deals with such things as friction
and velocity of water as it moves through pipes,

valves, and noz-zles (see FRI(--flON; \'EI.OCITY). It
deals also with hydraulic pressure in n-rachines. One
of the laws of hvdrokinetics is that the velocitv
(speed in a certain direction) of a fluid moving
through a pipe will decrease if the area of the pipe
increases, ar-rd vice versa. For example, the velocitv
of water moving under pressure through a garden

hose is less than its velocity when moving through
the snraller nozzle.

Hydraulic machines \Water and other liquids
can be used to pcrforn-r work by rneans of thcir
motion or pressure. The waterwheel is a sinrple

example olwork performed bv rhe motion of a liq-
Lrid. The pressure can be simply that of the weight
of the liquid, or it can be applied bv an external

force. Machines that n-rake use of liquid morion or

pressure arc often called hvdraulic engincs or
machines.

The tr,rrbine is an example of a rotary engine rhat

uses a continuous strealn of liquid to turn a shaft
(usually at high speeds) to operate machines or per-

form other work. \flater turbines are connonly
used to operate electric generators. \(/ater florving
over a dan provides a constant source of natural

energv that can be r-rsed to tllrn a turbine engine
(see HYDROL.LTC'l'RlC. I)OWF-R; TURBINE).

\iTater or other liquids placed under pressure can

perform many kinds ol work. Most hvdraulic
machines use a liquid that will not readily frceze,

such as oil or silicone. Automobiles, tractors, bull-
dozers, dump trucks, aircraft, industrial robots,

car-wash cquipment, and many other kinds of
machines make use of hydraLrlic mechanisms.

In an automobile, foot-pressure on a pedal is
transferred to a liquid and multiplied many times

940



URDYH

APPLICATION

Many modern machines
make use of hydraulics.
This mechanical excavator
has two hydraulic
systems-one to bend the
arm and one to swivel the
bucket. ln this hydraulic
system, the fluid is an oil. lt
is put under pressure by a
pump.
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to operate the braking mechanism in each wheel.

It takes relatively light pressure on the pedal to
bring a moving automobile to a halt because of
the law of hydraulic pressure. Pressure applied to

a small piston by movement of the brake pedal is

increased by being applied, via a tube filled with
liquid, to a larger piston. If the diameter of the

larger piston is five times that of the smaller pis-

ron, five times as much pressure is applied to the

larger piston,
The use of pistons and valves in a hydraulic press

or jack is the most common application of hvdro-

kinetics. In some machines, the pressure is mechan-

Control lever Hvdraulic oil supplV

icallv applied. In others, a reservoir of oil or other

liquid is placed under pressure by a pump, and the

pressure is appiied to the desired piston bv a svstent

of valves.

Examples of mechanisms operated by a hvdraulic

press or jack are the flight-control surfaces of air-

craft (ailerons, flaps, elevators, rudders, landing

gear), barbers' and dentists' chairs, and some auto-

mobile jacks. On a bulldozer, excavator, or snow-

plow, a hydraulic mechanism positions the blade.

Scrap-metal dealers use metal compactors operated

by large, powerful hvdraulic

See also LTeUID; MECHANIcts.

presses.
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HYDRAZINE Uydrazine (N2Ha) is a colorless

liquid with an odor resembling that of ammonia. It
is flammable and is used as a fuel in rocket and iet
engines. Hydrazine is sometimes added to warcr in

boilers. It helps prevent rust formation on the
inside of the boiler. Hydrazine boils at 236.3"F

[113.5'C] and frcezes at 34.5"F lI.4"C).

HYDROCARBON Hydrocarbons are com-
pounds that contain only the elements hydrogen

and carbon (see CARBOTT'; COMPOUND; HYDROGF.N).

Because hydrocarbons contain carbon, they are

called organic compounds (see ORGANIC CHEM-

IS't'RY). Many hydrocarbons occur naturally in coal,

natural gas, and petroleum (oil). Hydrocarbons are

used in industry to make many different products,

such as dye, glue, gasoline, plastic, and wax.

There are two basic groups of hydrocll[en5-
aliphatics and aromatics. In aliphatic hydrocarbons,

the carbon atoms are usually linked in chains. The
hydrogen atoms are then linked to these chains of
carbon atoms (see AI ONa). Methane is an example of
an aliphatic hydrocarbon (see METHANE). Its chem-
ical formula is CHa. Some scientists classif. ali-
cyclics, in which the carbon atoms are linked in
rings, as a type of aliphatic hydrocarbon. In ali-
cyclics, the carbon atoms are usually linked by single

or double bonds but may be linked by triple bonds.

Aromatic hydrocarbons are also made up of rings.

The ring structure that characterizes aromatics is

HYDROCARBON

@
Ca rbon

called a benzene ring (sec BF,NZENE). A benzene

ring includes six carbon atoms, with three of the

bonds linking the carbon atoms being double
bonds. These three atoms with double bonds are

what distinguish the rings of aromatic hydrocar-

bons from the rings of alicyclic hydrocarbons. The
hydrogen atoms are linked to the carbon atoms.

Toluene is an example of an aromatic hydrocarbon
(see 't'Ot.ur.-NF.). It belongs to the benzene series.

Toluene's chemical formula is C6H5CH..

HYDROCHLORIC ACID (hi' dre kl6r' ik
Is'id) Hydrochloric acid is a strong acid (see ACID).

It is made by dissolving hydrogen chloride gas in

water. Its formula is HC1. Concentrated hydro-
chloric acid contains 39 percent hydrogen chloride.
It is a colorless liquid when it is absolutely pure. It
usually has a yellowish color when there are impuri-
ties. The acid is very poisonous and dangerous. It is
extremely corrosive (see cctRRcrstoN). k burns holes

in clothes and eats into metal. It gives off fumes in

moist air. It must be handled very careftrlly.

When hydrochloric acid reacts with many metals,

bubbles are given off. Hydrogen gas is produced. At
the same time, the salt of the acid is formed. The
salts of hydrochloric acid are called chlorides.
Chlorides are also formed when hydrochloric acid

reacts with bases (sec BASE; CI{LORIDL,).

Hydrochloric acid can be manufactured by bub-
bling hydrogen chloride gas through water.
Another method is to add concentrated sulfuric
acid to sodium chloride (common salt). Chlorine
gas also produces hydrochloric acid when it reacts

with certain hydrocarbons (compounds of carbon

and oxygen) (see HYITROCARBON).

Hydrochloric acid is used to produce other chem-
icals. It is used to make dyes and to produce textiles

and leather goods. It is also used in the manufacture

of glues and glucose . In many industries it is used

to clean metal surfaces. In the automobile industry,

it is used to remove rust and dirt before automobile
parts are plated or painted. This is called pickling
the metal. Hydrochlorides are organic salts of
hydrochloric acid. They are formed when the acid

reacts with an organic (carbon-containing) base.

Many drugs are hydrochlorides.

Methane (CHa) is the simplest hydrocarbon. Like hexane
(C6H14), it is an aliphatic hydrocarbon. Benzene (C6H6) is the
simplest aromatic hydrocarbon.

@-
Hyd rog e n

Methane
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HYDROELECTRIC PO\flER Hydro-
electric power is power that is obtained from the

energy of flowing water. In a hydroelectric power

plant, flowing water is made to turn the blades of a

turbine. The turbine drives a generator, which pro-

duces electricity (see ELL,C'fRICITY; ENERGY; CENER-

A1(fR, ELECTRICAL; PO\X/F,R;'l'URB]NE).

Most hydroelectric power comes from water that
falls a great distance. This water has high potential

energy (see lcttENTIAL L,NLRGv). This potential
energy is tapped when the water falls to a lower
level. In a slow-moving river, the water may fall

only a few inches over many miles. This would not
supply much power. In a waterfall, however, water

may fall a very long way. tWaterfalls are an excellent

source of hydroelectric power. However, there are

not enough natural waterfalls to meet the world's

hydroelectric power needs.

Artificialwaterfalls must be made (see \ffiI-L,RFALL

ANI) RAPID). Artificial waterfalls can be created

through the use of dams (see Dav). The dam and

other devices needed to convert the flow of water

HI'DROELECTRIC POWER-Station
The turbines of a hydroelectric power station are below a

dam. Water flows down large pipes from the reservoir behind
the dam. The fast-moving water turns the blades of turbines.
The spinning turbines drive electric generators.

Rese rvoir

into energy are called the hydroelectric scheme.

One part of the hydroelectric scheme is the reser-

voir. The reservoir is the area where the water from
a river builds up behind the dam (see RESERVoIR).

A gatelike device called a sluice regulates the flow of
water through the dam. Pipes called penstocks

carry water from the dam to the power plant.
There, different turbines are used for different size

heads. The head is the distance the water falls

before it hits the turbine. There are two basic tur-
bines-impulse and reaction. In an impulse tur-
bine, a jet of water is directed onto the turbine
blades. In reaction tubines, water flows past blades

that are submerged in water. The Pelton wheel is an

impulse turbine that is used with heads of more

Kaplan turbine

HYDROELECTRIC POWER-Types of turbines

There are three main types of water turbines. The Pelton
wheel is an impulse turbine in which a jet of water strikes a

series of spoon-shaped baffles. The Francis and Kaplan
turbines are reaction types, in which the direction of water
flow changes.

Spillway

Tu rbi ne -Generator
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than 1,000 ft. 1300 ml. lts blades consist of
cup-shaped devices. J'he Francis turbine is a reac-

tion tr-rrbine that is used with heads that are

between 40 ft. [12 m] and 1,000 ft. [:OO m]. T'he

Kaplan turbine is a reaction turbine that is used

with heads of less than 100 ft. [30 m]. The Kaplan

turbine has fewer blades than a Francis turbine but

works in a similar wav. Both reaction and impulse

turbines in turn drive a generator. A transformer

adjusts the voltagc of the electricitl, produced by

the generator (see I'RANSFC)RN,lL,R; VOll'). The

power plant is ofien built at the foot of the dam.

Howevcr, it may be located a distance fron the

dam. lf the power plant is a great distance awav, the

water lrom the dam first passes through an aque-

duct (channel) to an area called a forebay. Penstocks

carry the water fronr the fbrebay to the power plant
(see A(ILiEDUC-l').

Demand fbr the electricitv from hvdroelectric

plants goes up and down. Hvdroelectric power

plants called pumped-storage hydroelectric plants

can adjust to this demand. \X/hen demand is low,

the turbines act as pumps, forcing the water back

up to the reservoir. Extra water in the reservoir

means extra power when the demand for electricity

is highest.

The largest hydroelectric plants in the world
include that at the Grand Coulee Dam, which is
located on the Columbia River near Spokane,
\X/ashington, and the plant at Krasnoyarsk along

the Yenisev River in Russia. Both plants can Pro-
duce more than six million megawatts per year (see

v'ATT). Other large plants are located in Venezuela

and Brazil.

Hydroelectric power plants have several advan-

tages over other means of producing power. They

Llse a renewable natural resource instead of a non-

renewable natural resource, such as fossil fuel. By

not burning a fuel, hydroelectric power plants

release no pollution. In addition, the turbines and

other equipment are fairly simple and require few

repairs (see FOSSIT- FUEI-; POLLUTION).

Hydroelectric plants do have disadvantages, how-

ever. These disadvantages are due to the fact that

dams interfere with the natural flow of a river. This

may cause an area to be flooded or interfere with

the movement of frsh. ln tl're 1960s, thc Egyptians

built the huge Aswan High Dam on the Nile River.

The dam provides hydroelectric power and holds

back rising water that occurs during the annual

flood. Holding back the f-loodwaters, however,

keeps the silt that was naturally deposited bv the

floodwaters lrom renching farmers' ficlds down-

stream from the dam. The farmers now have to nrcld

costly lertilizers to their flelds (see FERI'll.lz.F.R). In

addition, holding back the floodwaters means that

a particular kind of snail is not killed each vear. A

tiny worm that breeds in the snails also is not killecl.

The worm carries the c{iscase schistosomiasis.

Scientists blame the clam for an increase in

the spread of this disease in Egypt (see sciHls-

IOSON{]ASIS).

HYDROFOIL A hydrofoil is a structt-tre on a

boat that is designed to lift the boat out of the wmte r

as it gains speed. 'fhe hvdrofoil's purposc is ro
counteract the lact that, by its nature, a boat uses

most of its power overcoming the drag (resistance)

of the water on its hull. As a result, the boat does

not travel as fast as a land or air vehicle might.

Hydrofoils are of such a shape that the flow of the

water over them causes lift (see AF.ROI)YNAMIUs). As

the boat's speed increases, the hull lifts farther and

farther out of the water until it is clear. The onlv

parts then in contact with the water are the hvdro-

foils and supporting struts and the propeller shaft

(see l'ROPELI.nn). As a result, hvdrofoil boats can

travel very fast.

HYDROFOIL
A hydrofoil has underwater "wings" that lift its hull nearly 0ut
of the water as the craft speeds along.
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Hydrogetr is a colorless, odorless, tastelcss gas. It is
the first and simplest of all the elements. Its atomic

number is l, and it has the chemical symbol H (see

L,LL.MITNT; (lAS).

Hydrogen is the most abundant element in the

universe. The sun and other stars are made mostlv

of hydrogen. The gas is also spread very thinly
throughout space. On Earth, very little hydrogen

gas is found. This is because the elernent is so reac-

tive. That is, it readily forms compounds with
other elemcnts. 'I'he most plentiful compor-urd of
hydrogen on Earth is water. Each water molecule

contains two hydrogen atoms linked to an oxygen

atom. The forrnula for water is H,O. Some hydro-

gen gas is found in natural gas. Hydrogen gas is also

found in the upper atmosphere.

HYDROGENATOM
Hydrogen has the simplest atom. lts centralnucleus contains
a single positively charged proton. A single negatively
charged electron orbits around the nucleus.

All living things contain compounds of hydrogen.

Hydrogen is found in carbohydrates, proteins, fats,

and oils. Coal, petroleum, and natural gas all con-

tain hydrogen compounds. f'hese compounds are

mainly in the form of hydrocarbons. They were

formed from the fossilized remains of plants that

grew many millions of years ago (see HYDRO-

CARBON).

Hydrogen gas can easily be made in the labora-

tory. Bubbles of the gas are formed when a metal

such as zinc, sodium, or aluminum is added to

dilute hydrochloric or sulfuric acid.

Largc amounts of hydrogen are produced for
industry. The gas can be produced bv treating n.rt-

ural gas or gases from petroleum refining with
steam. I-he hydrocarbons are turned into hvdrogen

and carbon monoxide. Another method of produc-

tion is the Bosch process. In this process, a mixture

of steam and carbon monoxide is passed over a cat-

alyst. Hvdrogen and carbon dioxide are formed (see

CATAIYST).

Very pure hydrogen can be produced by electrol-

ysis. When an electric current is passccl through

water, the water splits up into the gases hvdrogen

and oxygen. Pure water will not conduct electricity.

A little acid or base is added to it so that a cllrrent
willpass through it (see nLE(.lROLYSIS).

Two-thirds of the hydrogen made in inclustrv is

used to make the gas ammonia. Ammonia is a com-

pound of nitrogen and hydrogen. Its formula is

NH3. The process used to make ammonia is called

the Haber process. A large amount of hydrogen is

also used to produce methanol, a kind of alcohol.

HI'DROGEN IN STARS

All stars, including 0ur sun (above), are made mostly of
hydrogen. Atoms of hydrogen join and give off vast am0unts
of heat and light energy.
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Main walkway

AIRSHIP

Ihe Hindenburg was a German airship. lts aluminum
framework contained large gas cells, each containing
hydrogen gas.

Different kinds of fuel can be made by treating
coal, heary oils, tar, and pitch with hydrogen. This
process is called hydrogenation. lt can also be used

to change liquid vegetable oils into solid fats. This
is known as the hardening of oils. Margarine is

made in this way.

Hydrogen is extremely flammable. \7hen it is

mixed with oxygen, it forms an explosive mixture.
The mixture is easily ignited. \When hydrogen
burns, great heat is produced. The gas is used in
oxyhydrogen blowtorches to cut through and weld
metal. Hydrogen can be used as a fuel. It makes a

good fuel because burning it does not cause pollu-
tion. \When hvdrogen burns in air, only water is
formed. Hydrogen and oxygen are used in the
rocket engines of spacecraft. I'hey also are used in
fuel cells (see nunt. cELt.).

Hydrogen has a relative atomic mass of 1.00797 .

It is the lightest element because its atoms are the

simplest. The nucleus of a hvdrogen atom is sim-

ply a proton, with a positive charge. In orbit
around the nucleus is one electron, with a negative

charge. If the electron is removed, the result is a
hydrogen ion (H+). All acids, when dissolved in
water, release hydrogen ions (see ACID; Al'OM; IONS

AND IONIZAI'ION).

Two hydrogen atoms come together to form a

hydrogen molecule. They share their elec-
trons between them. A hydrogen molecule is

written H-'.

Hydrogen has two other isotopes (different forms

of the same element). They are called deuterium
and tritium. In deuterium. there is a neutron as

well as a proton in the nucleus. A litde deuterium
is found mixed with ordinary hvdrogcn. If deu-

terium replaces the ordinary hydrogen in water, the

result is hear,y water. Its molecules are heavier than

those of ordinary water because of the extra neu-

trons (see HEA\,Y \X/ATER). Tiitir-rm contains three

particles in its nucleus. There are one proton and

two neutrons. Tritiurn is radioactive. A tiny
amount occurs naturally, but it is usually made arti-
ficially. The normal form of hydrogen is sometimes

called the protium isotope of hydrogen.

The sun and other stars produce vast amounts of
energy from hydroge n. Atoms of hvdrogen join
together to form atoms of heavier elements. This is
called fusion. During fusion, nuclear encrgy is

released. For fusion to take place, the temperature

must be very high. All the plants and animals on

the earth rely on the fusion of hydrogen in the sun

for the heat and light that keep them alive (see

FUSION).

At very low temperatures, hydrogen becomes a

solid. Solid hydrogen melts into a liquid at

-434.5'F l-259.2"C). At -423"F l-252.8"C), liqLrid

hydrogen boils and becomes hydrogen gas.

Hydrogen has a valence of 1 in all its compounds.

See a/so vALEN(tE.

Promenade deck
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HYDROGEN PEROXIDE Hydrogcn perox-

ide is a colorless, syrlrpy liquid. Each molecule con-

tains two atoms of hvdrogen and two atoms of
oxygcn. lt has the formr-rla H:O:. Hydrogen per-

oxide is unstable. Sunlight and heat make it break

up into water and oxygen.

Because it yields oxygen so readily, hydrogen per-

oxide is a strong oxidizing agent (see OXlt)Al'lON

AND R[,DU(-TION). It may set fire to some sub-

stances. Pure hydrogen peroxide calrses blisters on

the skin. It is sometimes used irs a rocket propellant.
For most uses, hydrogen peroxide is diluted with

water. A 6 percent solution is called 2O-volume

peroxide because it can give up twenry times its

own volume of oxygen gas. The solution is used

as a bleach and as a disinf-ectant. A 3 percent solu-

tion (1O-volume peroxide) is often used as a
mouthwash.

Hydrogen peroxide is produced by the action of
sulfuric acid on barium peroxide. lt can also be pro-

duced by electrolysis of ammonium sulfate solution

or concentrated sulfuric acid (scc EI.ECTROLYSIs).

Hydrogen peroxide's boiling point is 302'F
[1 50.2'C], and it freezes at 37.2"F l-0.43"C).

HYDROGEN SULFIDE Hydrogen sulfide is

a colorless, poisonou.s gas. It has the formula H2S.

The gas has a strong odor of rotten eggs. This is

because eggs and other animal and vegetable mat-

ter contain sulfur compounds (chemical substances

made up of rwo or rr,or€ elements). Hyclrogen sul-

fide gas is formed from these compounds as they

decay. The gas is also found in the mineral water

from sulfur springs, in the gases from volcanoes,

and in some oil wells. Hvdrogen sulfide in the air

turns silver coins and other silver objects black. A
laver of black silver sulfide forms over them.

Hydrogen sulfide can be made by treating ferrous

sulfide with hydrochloric or sulfuric acid. L'r the

laboratory, the gas can be used to identily and sep-

arate substances (see CHF,I\{lclAl. ANALYSIS).

Hvdrogen sulfide solidifies at 121.9"F [-85.5"C]
and boils at -77 .3'F [-60.7'C].

HYDROLOGY Hydrology is the study of the

surface and underground water found on the

continents. Hydrologists are scientists who study

water. They study what chemicals are found in

water, the characteristics of water, and how water

flows-for example, in rivers and in underground
streams. By studying these things, the hydrologist

can help engineers build canals, sewers, and roads

that will not wash out during floods or heavy rains.

The hvdrologist also helps towns and cities locate

underground sources of water for domestic use.

Hydrologists have learned a great deal about floods.

They have helped design and build many flood-
control dams. By making measurements and using

mathematical formulas, they can determine how

much water is held behind a dam and how much

water is able to spill over the top. By studying the

water cycle, hydrologists can learn where water

comes from and where it goes (see n'xll,n CYCLL,) .

They also try to save water and prevent soil erosion.

See AIso HYDRAUT,ICS; HYDROL,LL,C]'I.RIC PO\X/ER;

\(/ATF,R; \(/ATF,R S UPPLY.

HYDROLYSIS Hydrolysis is a chemical reac-

tion in which a substance is broken down by the

action of water. During the reaction, the water
itself divides into hydrogen ions (H+) and hydroxyl

ions (OH-). -I'he 
ions link up with different parts

of the substance and form new compounds (see

CON{POUND; IONS AND IONIZAI ION).

AlCl3 + 3H20 3Al(0H)3 + 3HCl
aluminum 3 water aluminum 3 hydrochloric
chloride molecules hydroxide acid
molecule molecule molecules

(D, uO ,WWf
e , (l*aO

I =-w-+
HYDROLYSIS

The hydrolysis of aluminum chloride into aluminum hydroxide
and hydrochloric acid is illustrated above. As shown by the
double arrows, the action is reversible.

Salts can be hydrolyzed. They form two new

compounds. One is an acid, and the other is a base.

Sodium carbonate, for example, forms carbonic

acid and sodium hvdroxide. Carbonic acid is only

a weak acid, but sodium hydroxide is a strong base .

The solution that forms will therefore be more

basic than acidic (see ACID; BASE).

o
o
o

c)

()

()
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In organic chemistry, esters can be hydrolyzed to
form organic (carbon-containing) acids and alco-

hols (see ESTER). Acids or bases may have to be

added to make hydrolysis take place. \When an ester

is hydrolyzed by boiling with a base, it forms an

alcohol and a salt of the organic acid. Soaps

are made in this way. The process is called
saponification.

Hydrolysis also occurs in the digestion of foods.

Enzymes help bring about the hydrolysis of food
into simple compounds that the body can use.

See also DIGESTION; ENZYMt.

HYDROMETER A hydromerer is an insrru-
ment that is used to make measurements of the rel-

ative density of liquids (see u.l,t-xt'tvE I)ENSt't'y). Ir is
a glass tr.rbe with a weight on one end and numbers

printed on the side. \When the tube is set in liquid,
the bottom of it sinks into the liquid to a certain

depth, depending upon the relative density of the

liquid. The surface of the liquid reaches one of the

numbers on the side. That number indicates the

relative density of the liquid. lf the tube sinks

deeply, the liquid's surface reaches a number near

HYDROMETER

Hydrometers come in various shapes and weights, to suit the
relative density 0f the liquids they are used to measure.
Shown here are (1) a general-purpose hydrometer; (2) a
saccharometer, for measuring the relative density of sugar
solutions; and (3) a general-purpose hydrometer for testing
liquids that are denser than water.

the top of the tube, indicating a low relative
density. If the tube sinks only a little, the liquid's
surface reaches only the numbers at the bottom of
the tube, indicating a high relative density. A
hydrometer works on the principle that a floating

body displaces its own weight in a liquid (see

ARCHIMF,I)ES). Hydrometers are used to tell if many

different liquids are pure. t- pRotrcr r

HYDROPONICS Hydroponics is the science

of growing plants without soil. Instead of rccciving

nutrients from the soil, plants are fed on water that
has had nutrients added to it. There are two main
methods of hydroponics. The first is growing
plants in gravel or coarse sand through which
nutrient-rich water is pumped. Another method is

to grow plants in tanks of nutrient-rich water. The
plants are suspended by a device, such as a wire

mesh. Air is pumped into the water to replace the

air used by the plant roots. Hydroponics is also

called nutriculture, soilless agriculture, and chemi-

cal culture.

Hydroponics has been practiced for thousands of
years. Ancient peoples, such as the Aztecs, the

Babylonians, and the Egyptians, practiced hydro-
ponics. However, modern hydroponic methods
were not developed until after the 1930s.

A hydroponic method developed in the 1970s,

called nutrient film technique (NFT), uses thick
plastic mats that are laid out in troughs. The plants

are suspended over the plastic by a wire mesh. A
film of water containing chemical nutrients is con-

tinuouslv pumped into the troughs over the plastic.

The troughs are sloped, so that gravitv keeps the

water flowing downward. J'he water that collects at

the bottom of the troughs is pumped back up to the

top of the slope. NFT has several advantages over

growing plants in soil. Plants grown bv NFT
require only 10 percent of the water that plants

grown in soil require. Also, because the flow of
water is carefully controlled, there is no runoff of
nutrients. This method is very popular with com-

mercial growers. More recent developments
include the flood and drain technique in which a

pump is r-rsed to flood the plant roots with water

and nutrients at regular intervals.
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Hydroponics is usefr-rl in extending thc growing
season in areas where the climate limits outdoor
growing of crops. Scientists also hope to use hydro-

ponics in places such as Alaska or the Middle East

where the temperatllres are too extreme or the rain-
fall too minin-ral to otherwise grow crops outdoors.

In the United States, hydroponics is mostly prac-

ticed as a hobby. However, certain vegetables, such

as cucumbers, peppers, lettuce, and tomatoes, are

grown hydroponically for sale.

When the water-culture method of hydroponics
was introduced in the 1930s, some farmers pre-

dicted it would bccomc widespread. However, the

specialized equipment and knowledge needed to

practice hydroponics has prevented that from
occurring. Also, stu.dies have shown that higher

crop vields can be achieved using soil. Hydroponics
may someday be used on ships at sea or in orbiting
space stations.

See also {( ;RlL Ul fL RI-.

HYDROPONICS

The tomato plants in the foreground are being grown
hydroponically. Their r0ots are in plastic tanks of water
containing fertilizer. There is no soil.

HYDROSPHERE The hydrosphere is all the

water tha.t lies on, or in, the earth, or floats above it
in the air. The hydrosphere inch-rdes the oceans and

seas, the rivers arnd lakes, the ponds and swamps,

and the vast masses of ice locked up in glaciers and

ice sheets. It a.lso inclucles the steam from volcanoes

and geysers, the water vapor in the air, the clouds,

and the rain, hail, and snow that are produced as

the hydrosphere circulates. The oceans, for exam-

ple, cover 71 percent of the earth's surface-a total
of 40 million sq. mi. [361 million sq. kml. The

total volume of water in the oceans is more than

322 mtllion cubic mi. 11,347 million cubic kml.
All the water in the oceans and seas is salty. About
90 percent of the world's fresh water is frozen in the

Antarctic ice cap.

See also GL.ACIER; LAKES ANI) PONDS; OcltAN; RIVER;

\(/ATT,R.

HYDROSTATICS Hydrostatics is one of the

subdivisions of the branch of physics known as

hydraulics (see HYDRAULICS). Hydraulics is the
study of the characteristics of liquids at rest and in
motion. Hydrostatics is the study of liquids at rest.

For example, hydrostatics might deal with water in
a glass tank, including the way the water presses

against the sides of the tank and the way anything
floating in the tank behaves. In hydrostatics, there

are three important principles, or laws, that were

discovered many years ago.

The first law The first law of hydrostatics deals

with objects that are floating or immersed in liq-
uids. It is also called Archimedes' principle.
Archimedes was a Greek scientist who discovered

the principle over 2,200 years ago. The law states

that a body floating or submerged in a liquid is

pushed up in the liquid by a force equal to the

weight of the liquid that the object displaces
(pushes out of the way). Thus, the object will seem

to lose as much weight as the weight of the liquid it
displaces (see ARCHIMEDES).

It is easy for us to tell that we "lose weight" when

we are in water. It is also easy to see that we displace

water. If a person climbs into an absolutely full
bathtub, then a great deal of water will spill over.

-fhe principle is important in ships. When a ship

has no cargo, it floats high in the water. It displaces

only a little water. \When it is heavily loaded with
cargo, it sinks much lower in the water. It displaces

a greater amount of water. lf the weight of the ship

and the cargo becornes greater than the weight of
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2 2 lb [1,000 s] lB75 gl

2.2 lb. [1,000 g]

water the ship can displace, then the ship will sink

(see llLl{)YANtlY).

The second law The second law of hydrostatics

was stated in 1586 by thc Dutch mathematician

Simon Stevin. This law savs that the pressure on a

given point of a submerged object is equal to the

weight of fluid directly above that point. A fluid
may be a liquid, a gas, or a mixture of gases, such as

the atn'rosphere. fhis means that at the surface of
the earth, the weight of sevcral miles of atmospherc

is pressing down upon us. High in the mounrains,

or higher still in airplanes, the pressure of the

atmosphere is reduced.

At the deepest points in the ocean, the pressure is

extremely great. Here there is the pressure of hun-

dreds of yards of salt water as well as the atmos-

pheric pressure on top of that. The pressure mav be

several tons per square inch.

The third law The third law of hydrostatics is

also called Pascal's law. It was named for the French

scientist Blaise Pascal, who discovered the law in

1648 (see PASCAL, BI-AISE). The law states that pres-

sures applied to a contained liquid are transmitted

equallv throughout the liquid, in every direction.

The last rwo laws of hydrostatics are very impor-

tant in engineering. Marine engineers, for example,

must determine how strong to make the hulls of
submarines to withstand underwater Pressures.
Dam builders must be able to calculate how thick

to build their dams.

HYDROSTATICS

The first law of
hyd rostatic s-Arc h im ed e s'
principle-states that a

floating or submerged
object experiences an
upthrust equalto the weight
of the liquid it displaces. 0n
the left, a weight is hung
from a scale. When
immersed in water, the
weight appears to weigh
less, by an amount equal to
the weight of the water
displaced.

HYDROXIDE n hydroxide is any inorganic

chemical compound containing onc or more

hydroxyl (OH) groups. A hydroxvl group is a neg-

atively charged ion macle r-rp of a hvdroger-r atom

and an oxygen atom (see IONS ANI) lt)NIZ-Allt)N).

Its chemical formula is OH-. 'l'he hvdroxide ion

combines with metals and certain nonmetals to

form various hydroxide conpounds.

Many, but not all, hydroxides are bases (see tsASE).

Solutions of sodium and potassium hydroxides are

very strong bases. The molecules split up in the

water to produce hydroxide ions. Bases that dis-

solve in water are called alkalis. The most impor-

tant alkali is sodiu.m hydroxide. Other names for it
are caustic soda and soda lye. Another important

alkali is potassium hydroxide, or caustic potash (see

ALKAT,I).

A solution of calcium hydroxide is called lime-

water. It is used to detect carbon dioxide gas. When

carbon dioxide is bubbled through it, the solution

becomes milky. This is because white particles of
calcium carbonate nrre formed.

The hydroxides of certain metals may be pro-

duced by adding soluble (dissolvable) hvdroxides,

such as sodium hydroxide, to soluble salts of the

metal (see sALl's). For example, zitrc hydroxide may

be made by adding sodium h;droxide to zinc sul-

fate solution.
Soluble hydroxides may be made by electrolvzing

solutions of salts (see ILEC:TROLYSIS). For example,

sodium hydroxide forms during the electrolvsis of
sodium chloride (common salt) solutior-r.
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HYENA Hyenas are doglike nocturnal carnivores

that belong to the family Hyaenidae (see t.ARNl-

VORE; NOC'I URNAL III'.HAVIOR). Hyenas feed on the

remains of dead animals. Thcy also hunt animals

for food. Hyenas have strong jaws and teeth,

enabling them to crush and cat even large bones.

The spotted hyena lives in Africa. Its fur is yel-

lowish gray with black spots. It is known for its
strange howl that sounds like a hysterical human

laugh. The striped hyena lives in northern Africa

and parts of Asia. Smaller than the spotted hvena,

the striped hyena has a grayish coat. Narrow black

stripes run across its body and legs. The brown

hyena lives mainlv in southern Africa. It has long

hair on its back and stripes only on its legs.

Frequentlv poisoned and shot by farmers, the

brown hyenas are now endangered (see l,Ntl,tN-

GTRF,D SPECIL.S).

IIYG

Although a person can do much to guard his or

her health, some threelts to health can be prevented

bv the action of commutrities. For example, gov-

ernments enforce laws to control pollution of the

air and water. Laws are also passed to protect work-
ers in factories or other placcs from various hazards.

Clean water slrpplies and the disposal of garbage

and sewage are usr-rally the responsibility of public

utilities or authorities. Governmental bodies, such

as the United States Food and Drug Admin-
istration, make sure hvgienic standards are kept in

food processing industries. At the international
level, the World Health Organization develops pro-

grams to fight disease and prevent its spread.

@eftt.

HYGIENE

Hygiene is of utmost importance in an operating room. All
instruments and equipment are sterilized to make sure that
no disease-causing organisms infectthe patient.

HYENA

ln Africa, packs of spotted hyenas will chase and kill animals
as large as a zebra.

HYCIENE Hygiene is the branch of science and

medicine that has to do with maintaining a healthy

body. If a body is generally fit and healthy, it is

much more able to withstand disease or to recover

quickly from an illness or accident.

To keep healthy, the body has many needs.

Among the most important are fresh air, light,
warmth, cleanliness, and a balanced diet. The diet

should consist of the right kinds of food and drink
(see DIET). Supplies of food and water must be fresh

and clean. and therefore not contaminated with
toxins (poisons) or pathogens (disease-causing

organisms). Regular washing, adequate sleep, and

regular exercise also aid in personal health.
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HYCROMETER A hygromerer is an insrru-
ment that measures the water vapor content of the

air. It is used by meteorologists to determine rela-

tive hr-r.nridity'. There are two main tvpes of
hl,grometers: the psvchrometer and the hair
hvgrometer.

A psl.chron'reter, arlso called a wet- and dry-bulb
hvgrometer, consists of two thermometers. One
thermometer gives the actu.al temperarure. The
bulb of thc other thermometer is wrapped in
muslin ancl kept moist with water. In order to
cletermine the hun-ricliry', the psychrometer is spun

at about 9 m.p.h. Ia kph]. \(/ater evaporates from
the wet-br-rlb thermometer, thus lowering its rem-

perature reading (see E\AI,OR,Itlclr.,-). If the humid-
ity is high, less water will evaporate.

The wet-bulb thermometer reading is always less

than the drv-bulb reading, unless there is 100 per-

cent relative humidityr The difference benveen the

thernometer readings is called the wet-bult'r
depression. Using this inlorrnation, the relative
humiditv can bc dctcrmined bv referring to
special tables.

HYGROMETER

A hygrometer measures humidity, which is the percentage of
water vap0r in the air. The type shown is designed for use in
a greenhouse, where the correct humidity must be
maintained for plants to grow well.

A hair hygrometer uses human hair to determine

the humidity. The hair absorbs moisture from the

air, becoming longer if the humidity is high. A lever

moves according to the change in hair length, indi-
catirlg the relative humiditv.
See ako HUMIDI'I'Y.

HYPNOSIS Hypnosis is a state in which the

mind becomes less aware of the surrounding world.
The subject (person under hypnosis) may seem to

be asleep but is capable of cornplex thinking and

responding to outside events. Easily influenced by

suggestion, the subject can control many bodv
functions that are normally automatic. For exam-

ple, a hypnotized person mm1' be insensitive to piin
if told that he or she feels nothing.

A person is generally put into a state of hypnosis

by another person, called a hypnotist. However,

hypnosis can also be brought about bv the subject
himself or herself. This is called self-hypnosis or
autohypnosis.

There are many methods a hypnotist may Lrse to

induce (bring about) hypnosis. One sr-rch method
consists of the hvpnotist's talking to the subject

slowly, repeating the words over and over again.

L,ventually, the subject becomes cornpletelv relarxed

and goes into a trance (a hypnotic state).

Not everyone can be hvpnotized. People cannot

be hypnotized against their will. Also, subjects do
not do anvthing under hypnosis that is against their
ideas or principles. However, hvpnosis is not a

game. It can be extremely dangerous when per-

formed by an untrained person.

Hypnosis may be used in place of an anesthetic

during slrrgery or childbirth. The patient feels

nothing but can cooperate with the doctor.
Hallucinations can also bc induced under hypnosis
(see I IAI-LLI(-INAl lON). A hypnotized person may be

able to recall forgotten events in his or her early life.

This abilitv has been used by psvchiatrists to treat

certain mental illnesses.

See a/so PSYCT{lA-f RY; I,SY(IHOANAI.YSIS.

HYPOTHERMIA (hi'po thffr'm€ a) Hypo-
thermia is a clrop in bodv temperature below 95'F

[35"C]. If maintained long enough, hypothcrmia



causes drowsiness, lowering of the breathing rate

and heart rate, and eventually unconsciousness and

death. Most serious cases of hvpothermia are in
sick, elderlv people living in poorly heated homes.

Babies are also at risk from l'rvpothermia because

they lose heat rapidlv. Anyone can develop
hypothermia if they are exposed to cold conditions

without adequate protection. Swimming in cold

water is especially dangerous because heat loss can

be rapid, and increases the risk of drowning.
Hypothermia is a medical emergency, and first

aid is very important. Follow these steps:

. Call for medical help immcdiately.

. Move the victin-r to a warm place.

. Replace wet clothing with drv clothing and wrap

the person in blankets.
. Warm an elderly victinr graduallv with layers

of blankcts.
. Tieat mild cases by giving thc person a hot drink

and covering with warm clothes.

Hypothermia has bccn usecl in surgery. By lower-

ing the temperature ol heart muscles during I'reart

surgery, the damage caused to them from lack of
oxygen is also lessened.

HYPOTHESIS (hi poth'i sis) A hypothesis is a

statement that is gcnerally believecl to be true but
has not been proved. In science, hypotheses (plural

of hypothesis) are based on existing information and

help explain, order, or unify related facts.

Experiments are then used to test the hypothesis to

see whether any new information comes to light
that either confirms the hvpothesis or refutes it
(calls it into doubt). If the evidence in support of a

hypothesis is strong enough, it may then be called

a scientific law The planet Ncptune was discovered

as a result of a hypothesis. ln the nineteenth cen-

tury, Uranus was the most dist:rnt planet known.

Astronomers noticcd that Uranus was not always in

the position that the known laws of gravity said it
should be. A hypothesis was formed that the

changes in its orbit were being caused by another,

undiscovered planet. Astronomers looked for
another planct where the hypothesis said there

should be one, and lound Neptune.

IBIS Ibises are tall birds that belong to the family
Threskiornithidae. They are closely related to

spoonbills (see sPc)c)Nlltll). Ibises have long nccks

and legs, and down-curved bills. Thev wade in

shallow water and catch small fish, reptiles, and

amphibians. There are four species of ibises in
North America. Three species are found only in the

southeastern part of the United States and in parts

of Mexico. Tl-re fourth species, the whitefaced ibis,

is found in the wcst-central part of the United
States and in Mexico.

IBIS

The white ibis is an African species.

ICE lce is the solid form of water. \fhen water is

cooled, it contracts (shrinks) until its temperature

drops to 39'F [4'C]. it then cxpands Lrntil the tem-

perature drops to 32'F [0"C1, the freezing poirrt of
water. The densitl. of ice is slightlv lcss than the

density of water. This is why ice cubes float in a

glass of water (see DF.NsITY).
tJThen ice frcezes, hydrogen bonds form a rigid

structure of six-sided crystals. The wpe of crystal

structure depends on how the water is frozen.

Forms of ice inch-rde snow, sleet, frost, and hail.
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An ice age is a period of the earth's history when

large areas of the globc are covered by glaciers (see

Cll.AclAl-l()N; (lLACllEI{) . The most recent ice age

occurred during the Pleistocene epoch, which
ended about 10,000 vears ago. An ice age also took
place during Precambrian times, about 600 million
vears ago. Several ice ages took place in the
Precambrian, there was one in the Ordovician, and

nn important one in the late Carboniferous and

early Perr-r'rian (see clL.oL()GICAL IIML SCU.E).

During the ice age of the Pleistocene epoch,

beginning about 1,640,000 years ago, the ice

advanced southward during several periods called

glacial ages. These glacial ages were separated by

interglacial ages, when the ice retreated. The main

glacial ages in North America, from oldest to most

recent, are callcd the Nebraskan, the Kansan, the

Illinoian, and the'Jfisconsin. The interglacial ages

are called the Afionian, the Yarmouth, and the

Sangamon. Evidence from sea sediments suggests

that there nray have been about 20 glacial-
interglacial cycles. Geologists have suggested that

the earth may now be in an interglacial age.

Scientists have learned a great deal about the ice

ages by studying fossils and other evidence from the

Pleistocene epoch (see FOSSIL). Geologists believe

that great ice sheets were centered near Hudson Bay

in North America and on the Scandinavian penin-

sula in Europe. The ice became thick and flowed

out from these centers. All of Canada and the
northern one-third of the United States, as far

south as present-day New York City and the
Missouri River valle1,, were covered by ice. In
places, the ice was 8,000 to 10,000 ft. 12,400 rc
3,000 m] thick. In Europe, ice covered all of north-
ern Europe, the British Isles, and part of northern

Russia. At times during the Pleistocene epoch,

more than 30 percent of the earth's surface was cov-

ered with ice. The Pleistocene glaciations had a

profouncl effect on the landscape of the areas cov-

ered bv ice and also those directly south of the glac-

iers. Plants anc{ animals were forced to live in more

restricted environrnents. Fjords, moraines, and

drumlins were created by the retreating ice. Many

The white areas 0n the map show the parts of the earth that
were covered by glaciers during the last ice age.

lakes, including the Great Lakes, were formed dur-

ing the last ice age.

Different theories have been proposed to explain

what caused the ice ages. Some scientists think that

changes in oceanic circulation patterns caused by

continental drift had worldwide cooling eflects that

encouraged growth of glaciers (see cloNl'lNtNlAL

$TOOLLY RHINOCEROS

Many large mammals of the ice age had long hairto keep out
the cold. They included the woolly rhinoceros (above), which
was probably hunted to extinction by early humans.

ICE AGE MAP
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DRIF'I.). Others think in the 300 million years it
takes for the solar system to make a complete

rotaion of the galaxy, there are nvo phases 150 mil-
lion years apart, in which the galactic envirotrmeut

G

has a cooling influence. Other astronomers have

found evidence that cyclic variations in the earth's

orbit can produce cooling effects strong enough to

start an ice age.

PIANT EATERS

The extinct lrlsh elk (left) resembled today's reindeer. lt
roamed in herds and ate grass and moss.
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ICEBERG An iccbcrq is a larsc, f'loating rnass of
icc. Iccbe rgs brcak ilwn\', or calve, fkrnr tl-re glaciers

rrlot.tg thc cortsts of Alaska, (,reenlrrncl , and

Antarctica (scc (;1,\(.ll,tt).'l'hcv sonrctinres prcsent

.t ttt:tjt't' Ir.rz,tr.l t,r rltippittq.
A glacicr ofien cxtcncls off.shor-e into tl-rc sca.

L,ventuallr', cracks fbrnr in thc icc of thc glacicr, l,rnd

picces ol the glacie r breek of}. (lrecr-rlar-rcl is the

sourcc of n-rost North Atlantic icebelgs. ']-hese ice-

bergs mav bc tallcr than 300 ft. [90 nr]. Ant:rrctic
iccbcrgs are often very larqe but are trsLrallv f-lat-

toppreci, lcrrnrecl fi-onr prarts ol the icc cap that hrrve

brokcn rrway. In 1995 an Antarctic iceberg aln'rost

as big as Rhode lslancl broke arvay from Jrures Ross

Island, sLlggesting tl"rat the Antrrrctic climate is

becorning warnrer.

Usuallv, onlv one-ninth of an icebcrg is visible

abovc water. As l-rr-r iceberg flolrts, some of the ice

melts, and picccs brcal< off. Evcntuall\', the iceberg

cornplctelv disapprcars.

lrr 1912, the British ocean lirter Titrtrtic hit en ice-

berg and sanl< in thc North Atlantic. More than

1,500 people clied. Since then, thc United States

and orher countrics have formecl an International
Ice Patrol. Thc patrol, opcratcd by thc United
States Coast Cluard, uses ships, planes, and radar to

locate icebergs

ICEBERG-Shipping
hazard

0nly one-ninth of an
iceberg can be seen above
the water. The submerged
part of the iceberg may
have jagged edges below
the surface. These cannot
be seen and are a danger to
ships (left).

ICE CAP Arr ice cap is a mass ol ice that spreads

olrtwlrrds from its center. An icc cap cliffcrs frclrr a

glacier in that a glacier flows only in one direction,
like a river (see (;t-A(.tt,tt). An ice cap is fed bv snow

that falls on its surface. If this snow does not rnelt,

it becomes compacted into ice. The weight of new

snow lrrlling on top of this ice squeezes the ice out
at the sicle, producing the oLltward rnovcment.

Some glaciologists-scientists who studf ice-call
the mass of ice that covers the North Pole and

spreads oLrt ovcr the sea an ice cap. Others lcstrict
the term to a mass of ice that forn'rs and sprcads out

over land, such as that covering most of Icelancl.

ICE CAP

The mass of compressed
snow that covers the North
Pole is an ice cap that floats
on the Arctic 0cean (top).

The southern ice cap
(bottom) covers most of the
land mass of Antarctlca.

ICHNEUMON FLYIch'rcumon flics arc com-

mon, widely distributed insects belonging to the

same group as bees and wasps (order Hy--
enoptera) . Ichneumon flies are not true flies.
Ichneumon flies have four wings, while true flies

have only two wings. Some ichneumon are about

the size of a srnall ant. C)thers grow to 2.3 in. [6 cm]

in length. Ichneumon flies do not sting people.

The body of a female ichneumon fly ends in a

poir-rted cgg-laying structure called an ovipositor.
'l'he ovipositor may be up to twice the length of the

insect's bodv. The three threadlike parts of the

ovipositor form a tr-rbe. \With the ovipositor, the

insect places eggs in or on the bodies of caterpillars

or other insect larvae and pr.rpae. The eggs hatch

into grubs which feed on the caterpillars or other
hosts and eventually kill them (see I'ARASITE).

Ichneumor-r flies are important to farmers. These

insects often feed on other insects that clestrov crops.

ICEBERG-Ice islands

lcebergs are large, floating masses of ice that have broken
away from ice caps or glaciers. lcebergs are most often
found along the coasts of Alaska, Greenland, and Antarctica.
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ICHTHYOLOGY (ik' the 6l' a je) The studv of
flshes is called ichthvologv. It inclr-rdes the studl'of
the bodies of flshes, their evolution. how and where

fishcs live, and their relationships to othcr aninals.
Ichthvologists, or scientists who stucly fishes, do

many different things. Some ichthyologists studv

only the fish itself. They cut open thc body, exam-

ine the organs, and lcarn how various organs work.
Other ichthyologists travel all over the world,

studyirg where the thousands of dilfcrcnt kinds of
fishes live. 'fhey mav also search lor and study fos-

sils of fishes that have become extinct (see Irt)SSII.).

Bcsides learning about the fishes, these ichthvolo-
gists learn a great deal about the history of the

earth. Still other ichthvologists study the number
of fishes that live in particular places. They mav

start programs to help increase the numbers of var-
ious species of fishes. They also supply information
to fishers to help them catch more fish. Thesc

scientists may determine how many fish can be

caught without endangering the whole popuiation
of fishes.

See AIso C-C)NSLR\AI'ION: FISH.

ICHTHYOSAUR (;k'the a s6r') Ichthyosaurs

were fishlike reptiles that lived during the Mesozoic

era (see Ml-.soz-otc nn,t). Ichthyosaurs resembled

dolphins of todav, having a streamlined bodv and
paddles fbr limbs. Some ichthvosaurs had a long
snout and sharp teeth, some had a sword like a

swordfish, and some were toothless. Manv were

quite small, but some were the size of whales. Like
dolphins, ichthyosaurs also gave birth to live
young, instead of laying eggs as modern reptiles do.

See AIso DOLPHIN; FISH; FOSSII-; RF,I,TILI,.

ICHTHYOSAUR

This marine species of
dolphins of today.

ICONOSCOPE An iconoscope is a tvpc of
cathode-ray tube that rvas used in tl're first televi-

sion cameras. The icortoscopre 'uvas invented in
1923 6v Vladirnir K. Zworvkin, a Russian phvsi-

cist. The icorroscope is shaped like a lieht bulb, but
it is usually much largcr. This device r-nade the flrst
television transmissions possible.

In a television camera rvith an iconoscope, light
e nters the lens and is focused on a photoe lectric sur-

irce inside thc iconoscope. This surfrrce is made up

of tinl'metal particles. 'l'hese particles give off elec-

trons when light hits thern (see I,H()loEl-l-.(.1'ltl(.

F.flE(.T). Highlv lit areas of the surlrrcc givc olf more

electrons than dimlv lit areas. A clcvice called an

electron gun, which is in the neck of the iconoscope,

shoots electrons at the prhotoelectric surface ol rhc

iconoscope. l)ifflercnt areas of the surfacc absorb

different amounts of electrons frorn the electron

gun. The areas that havc giver-r ofl mar-ry elecrrons

absorb more electrons from the electron glln than

the areas that have given off ferver electrons. The
absorptior-r of electrons creates ar signal that varics in

strength in proportion with the pattern of light hit-
ting the photoelectric surface. 'l'his signal is trans-

mitted thror-rgh the air and picked r-rp by television

antennas. It gets reconvertecl into thc pattern of
light that appears on the television screen.

The image orthicorr, a clcvicc tl'rat is mtrch
smaller and more sensitive to light, replaced rhe

iconoscope between the 1940s and rnid-1960s. Lr

ntodertt color tcltvision clnrerls, rl rnorc scrrsirive

tube called a vidicon replaccs the image orthicon.
ln high-qLralitv color cameras, three viclicon tubes

are used to create a separate vidco signal fbr each of
the three primary colors.

IGNEOUS ROCK Igneous rock lorms fron.r

the cooling and crystallization of a hot, molten
material called magma. Magma is rock rhat has

been subjected to great temperature ar-rd pressure

beneath the earth's surface. Igneous rocks contain a

variety of minerals, including quartz-, mica, and
feldspar. There are two main t1'pes of igr-reous rock:

extrusive and intrusive. Extrusive igneous rock is

magma forced from the earth's interior through a

volcano or a crack in the earth's surface. This
extinct reptiles resembles the
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IGNEOUS ROCK

Hot, molten lava (above) Jooir iftrr it reaches the earth's
surface. The rock that forms is called extrusive igneous rock.

magma, called lavar when it reaches the earth's sur-
face, qr-ricklv cools when it is exposed to air.
Because of the rapid cooling, extrusive rock con-

tains small crvsterls and is fine-textured. Extrusive

igneous rocks include basalt, obsidian, and pumice.

Intrusive igneous rock forms when magma
cools below thc su.rface of the earth. f'he magma

sometimes cools in large masses called batholiths. It
may also cool in vertical bands called dikes or in
horizontal bands called sills. Because intrusive rock

cools and hardens slowly, it contains large crystals

and is coarse-textured. Granite is an intrusive
igneous rock.

See a/so (IRYS'IAl.; MAGN,{A; MINhRA.L; ROCK.

IGUANA An iguana is a large lizard rhat belongs

to the lamily Iguanidae. There are many different
species of iguanas in the world. Most of them live

in South America and on islands in the Pacific

Ocean. They are all basically vegetarian and they

eat a lot of fruit. 'l'he best-known species of iguana

is the marine iguana, which lives on the Galdpagos

Islands, off the coast of Ecuador. The marine
iguana may reach a length of 5 ft. [1.5 m]. This
iguana is the only marine lizard in the world. It
feeds on seaweeds.

See also GALAPAGOS lSt.ANI)S; l.lZARD; REPTILE.

ILLUMINATION Illumination is the crearion

of artificial light. The earliest means of illumina-
tion were open fires and burning torches. Candles,

kerosene lamps and lanterns, and gas lamps were

developed lerter. Incandescent electric lights were

introduced in 1879 by Thomas Alva Edison. Most
modern illumination is accomplishcd with incan-

descent lights (see EDISON, -TIIOMAS AL\A; IN(.AN-

DF,SCF.NCI:; LIC;l I'l ).

The neon light, developed in 1910 by French

physicist Georges Clar-rde, is used largely to illumi-
nate commercial signs and displavs. Fluorescent

light is a more recent clevelopmcnt in illurnination.
It produces a brighter light than an incandescent

bulb but uses less electricity. Fluorescent bulb tubes

are straight or curved. They are often used to light
office buildings and other commercial and pub-
lic structures. Fluorescent tubes are also used in
low-energv light bulbs (see FLUoRF,sctF,NCE).

Sodium vapor lamps and mercury vapor lamps are

used to illuminate highways and other outdoor
public areas.

See also F.r.FC-rRIC r.rcrIT.

IMMISCIBLE LIQUID lwo liquids are

immiscible if they cannot be mixed together. A
comnlon example of immiscible liquids are oil and

water. If you try to mix them together, a boundary
forms between the two. The lighter liquid, usually

the oil, lies above the heavier liquid. Certain liq-
uids, such as ethyl alcohol and water, can be mixcd
together. These liquids are said to be miscible.
\Whether mo liquids mix or not depends on their
chemical properties. If they resemble each other

fJ.

ACTTVITY Testing immiscible liquids

++ _'-!**

.:er'-Wq'

Take a jar with a lid. Fill it one quarter with cooking
oil. Then add water t0 fill it halfway up. Screw the lid
on the jar. Shake it vigorously. Put the jar down, and
watch what happens. What happens to the oil and
water?
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chemicallv, they are usually miscible. For example,

the molecules of both water and alcohol are similar

and have an -OH group. Because of this, they are

miscible. On the other hand, water and oil are very

different chemically and so are immiscible.

See a/so LteutD.

IMMUNITY lmmunity is the ability of the

body to prevent pathogens (disease-causing

organisms) that enter the bodv from causing dis-

ease. The human bodv has natural immunity to
many bacteria and viruses that cause disease in
othcr animals. For some disease, humans must

acquire immunity. This means that the pathogens

that cause these diseases must be present for a per-

son to become immune to such diseases. During
the body's fight to overcome these diseases, perma-

nent defenses against the disease may be developed

by the immune system. Then, the pathogens that

cause these diseases calrnot attack that body again

for a long period. In some cases, the immunity lasts

for the rest of a pcrson's life (see BAc;TF.RIA; l)tstAS[,;

PATHOGL,N; V]RUS).
'fhrough a medical procedure called immuniza-

tion, a person can be given immunity to many dis-

eases without first catching the disease.

Immunization is any medical procedure that makes

a person ablc to develop immunity to specific

pathogens (see \At.t-lNAl'lON). The job of fighting
pathogens is chiefly carried out by the lympho-
cytes. Lymphocytes are a type of white blood cell

(see IILOOD; I.F.UCO(.Y'l-t'). There are two kinds of
lymphocvtes. Both kinds are produced in the bone

marrow (see Rclxl, MARRo\fl). One kind stays and

matures in the bone marrow. These cells are called

B cells. The other kind leaves the bone marrow and

travels in the bloodstream to the thymus. The thy-

mus is an organ involved with immunity, located

high in the chest cavity. There, the cells from the

marrow mature into T cells. There are several kinds

of T cells. One kind is called a helper'1' cell.

Lymphocytes are specific. In other words, each

lvmphocyte can fight onlv a certain type of
pathogen or a few rypes that are very closely related.

This is why catching chicken pox does not give

immunity to smallpox. However, catching cowpox

does give immunity to smallpox. The viruses that

cause cowpox and smallpox are verv similar (see

CHICKL,N POX; SMAI-I-POX).

The body also has other defenses that are not so

specific. These defenses involve the other white
blood cells-monocytes and neutrophils. Together,

lymphocytes, monocytes, and neutrophils are

called leucocytes. Monocytes and neutrophils
consume bacteria. Monocytes also work with
lymphocytes. The action of lymphocvtes depends

on their ability to tell that invading pathogens are

foreign substances in the body. These foreign sub-

stances are called antigens or immunogens. 'fhe

reaction of the lymphocytes to pathogens is called

the immune response.

IMMUNITY
White blood cells called lymphocytes play an important part
in immunity because they fight disease-causing pathogens.
This electron microscope photograph shows a human
lymphocyte (right) attacking and engulfing a yeast cell.

During an immune response, the B cells produce

substances called antibodies (see ANTIBoDY).

Antibodies attack and kill antigens. The T cells reg-

ulate the production of antibodies. Some pathogens

produce poisons called toxins. In order to neutral-

ize these toxins, the lvmphocytes produce a kind of
antibody called an antitoxin (see ANTITOXTN).

The production of antibodies usually is too slow

to stop invading pathogens the first time they enter

the body. Therefore, the first time a person is

exposed to a pathogen, he or she will probably

develop the disease that the parhogen causes. After
the person has recovered, however, the antibodies

may continue to circulate in the blood, readv to

react immediately if the pathogens invade again.

The body may also be able to make the particular
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kind of antibody much more quicklv when laced

with the pnrthogen a second time. The circulating
antibodies or the abilitv to nrake the antibodies

quicklv gives the person immunity to the disease.
'l'his tvpe of immunitx which is acquired through
exposure to a specific disease, is called active immu-
nity. The body has actively produced its owr.r anti-
bodies. People who have developed childhood
diseases such as measles, mLrnrps, and chicken pox

usually gain active immunity against thcse discases.
'I'hat is whv people rarcly clevelop these diseases

more than once in their lives (see MI-.ASI-F-S; MUN4I)S).

Immunity can also be passive. In passivc imnru-
nitv, the body acqr.rires ready-made antibodies.
Babies acquire antibodics to manv diseases thror"rgh

their mother's bloodstream before birth and lrom
her milk afterward. Such passive imn'runity, how-
ever, is short-lived.

Artificial immunity through vaccination mrr)'

also be active or passive. Active immunity can be

acquired by injecting dead pathogens into the
bodv, or by injecting a type of the living pathogcn

that causes only a slight reaction (see INJI-.CTI()N).

In some cases, a toxoid is r-rsed. A toxoid is a bacte-

rial poison that has been made harnrless. Each of
these methods rnay stimulate the bodv to make

anribcl.lics ol arr ritoxirrs.

Passive immunity is given bf injecting a solution
of pre-formed anribodies. 'fhis solution is made

from the blood of an infected person or animal that
has produced the right antibodies.

In the case of most diseases caused by viruses, vac-

cinatior-r renains medicine's basic weapon. [)iseases

caused by viruses range from the common cold to
smallpox and polio. These viruses are unaffected by

antibiotics, powerfi-rl drugs that fight bacterial dis-

eases (sec ANTIBIoTI(l) . However, tn 1957, it was

discovered that the bodi' has a second type of
immune response to viruses, apart from that
involving rntibodies.

It was lound that certain helper T cells produce

substances called interferons whenever viruses are

prescnt in the bodv (see INI'EI{FLRON). Interferons

stop a virus from reprodu.cing, stimulate certain
cells that consunre viruses, or create a condition
called viral immunity. Viral immunity means that

whilc a person is infectccl with one virus, related

viruses or stronger strains of the same virus are pre-

ven rcd Fronr replodLrcing.

Inrmunologists (scicntists who studv immr"rnity)

have been able to make animals prodr"rce rnorc intcr-
feron by injecting a form of nucleic acicl into tl'reir

bodies (see NUct.F,lc. A(llD). This meant the animals

had an improved abiliry to fight viruses. Scientists

have been able to make human cells producc inter-
feron by adding certain foreign substances to them.

Also, scientists used cloning techniques to produce

interferon in the laboratory (see t:t.tlNl.).
Immunologists havc also bccn able to produce

specific antibodies by cloning. 'Ib producc anti-
bodies by cloning, immunologists joir-r lvmpho-
cytes with canccr cells. Thc combincd cclls are

called hybridomas. The lymphocyte genes enable

the hybridonla to produce antibodies. 'l'he canccr

genes enable the hybridoma to mr-rltiply indefr-
nitely. Hybridomas are used lor research ancl may

sorneday be used for immunizations.
Thc bodys immunc rcsponsc to lorcign protcirr is

not always of help to a patient. For exan'rple, the

same mechanism that causes immunity is respons-

ible for rejecting tissuc transplanted from another

person's body into a patient (see 't'naxsl)l.AN'l'A-

I toN). The lymphocytes attack a transplanted heart

or kidncy in the sanre way they attack invading bac-

terier. In quite another way, if the bodv becomes

oversensitive to foreign proteins, the immune sys-

tem nlay becone overactive. The result mav be an

allergy, such as asthma or hay fcver (see Al Lt-.R(;Y).

Some diseases occur because of deficiencies in the

body's immune system, called immunodcficiencies.
These inclr-rde AIDS (see ,ctns). Most scientists

believe that a newborn child does not have the abil-
ity to reject loreign tissues. Its body learns this in
the first year or two of life. At the same timc, it
learns not to attack its own tissues. If the bodyt
abilitv to recognize its own tissucs is somehow dis-

rupted, an autoimmune disease may result. In an

autoimmune disease, such as multiple sclerosis, the

immune system begins to attack the body's own tis-

sues. Drugs called steroids can be used to treat some

autoimmune diseascs.

.See also STER()ll).
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