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user’s guide

The QPB Science Encyclopedia is a science reference book for everyone. The
material is accurate and appropriate far academic purposes, but it is also clearly writ-
ten for those without a science background.

As science concerns us all and not just scientists and students of science, this ency-
clopedia contains informative features examining contemporary issues, innovations,
and landmark discoveries. Alongside the alphabetical entries, designed ta be of use
for students and anyone else seeking definitians for scientific terms, there are also links
to web sites to facilitate further research; highlighted biographies and quotes to give
an insight into the scienfists themselves; and amoazing facts, just for fun. With
chronalogies, tables, and a wealth of diagrams and photographs it is both a brows-
er’s delight and an invaluable reference source.

Subject coverage. One of the aims of this encyclopedia has been to offer an
extremely broad coverage of science-related topics, so as well as biology, chemistry,
physics, and earth sciences, there are agriculture, archaeolagy, astranomy, comput-
ing, environmental science, mathematics, medicine, natural history, technology, and
transport.

Arrangement of entries. Enfries are ordered alphabetically, as if there were
no spaces between words. Thus entries for wards beginning with “sulphur” follow the
order:

sulphur

sulphur dioxide
sulphuric acid
sulphur trioxide

Common or technical names. Terms are usually placed under the name by
which they are most widely known, rather than their technical name. For example,
under “pertussis” there is a cross-reference to “whooping caugh,” where the main
entry is given. Similarly, if the abbreviated farm of a term is so widely used that the
expanded form is unlikely to be looked up, the main definition is given under the
abbreviation—for example, “DNA” instead of “deoxyribonucleic acid.”

Cross-references. These are shown by a ©)immediately preceding the reference
to alert the reader to related articles.
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A symbol for mass number, the number of neutrons and protons
in an atomic nucleus.

A in physics, symbol for gampere, a unit of electrical current.

aardvark Afrikaans ‘earth pig’ nocturnal mammal Orycteropus
afer, the only species in the order Tubulidentata, found in central
and southern Africa. A timid, defenceless animal about the size of
a pig. it has a long head, a piglike snout. large ears, sparse body
hair, a thick tail, and short legs.

It can burrow rapidly with its clawed front feet. It spends the day
in its burrow, and at night digs open termite and ant nests, licking
up the insects with its long sticky tongue. Its teeth are unique, with-
out enamel, and are the main reason for the aardvark being placed
in its own order. When fully grown, it is about 1.5 m/5 ft long and
its tongue is 30 cm/12 in long.

http://www.oit.itd.umich.edu/
biol08/Chordata/Mammalia/

Tubulidentata. shtr

Detailed description of this strange-looking, insectivorous mammal.
There is information about the aardvark’s skeletal and dental
structure, and links to explain unfamiliar terms.

aardwolf nocturnal mammal Proteles cristatus of the ¢hyena
family, Hyaenidae. It is yellowish grey with dark stripes and,
excluding its bushy tail, is around 70 ¢cm/30 in long. It is found in
eastern and southern Africa, usually in the burrows of the
Qaardvark. It feeds almost exclusively on termites. eating up to
300.000 per day. but may also eat other insects and small mam-
mals.

Males mate monogamously but females. which have a much
larger range, will mate with other males.

abacus ancient calculating device made up of a frame of parallel
wires on which beads are strung. The method of calculating with a
handful of stones on a ‘flat surface’ (Latin abacus) was familiar to
the Greeks and Romans, and used by earlier peoples, possibly even
in ancient Babylon; it survives in the more sophisticated bead-
frame form of the Russian schoty and the Japanese soroban. The
abacus has been superseded by the electronic calculator.

ABACUS: THE ART OF CALCULATING WITH BEADS

http://members.aol.com/stubbs3/
abacus.htm

Clear explanation of how the abacus works — with demonstrations
of how to add and subtract. This site requires a Java-enabled Web
browser or Netscape 2.0+.

The wires of a bead-frame abacus define place value (for exam-
ple, in the decimal number system each successive wire, counting
from right to left, would stand for ones, tens, hundreds, thousands,
and so on) and beads are slid to the top of each wire in order to
represent the digits of a particular number. On a simple decimal
abacus, for example, the number 8,493 would be entered by slid-
ing three beads on the first wire (three ones). nine heads on the
second wire (nine tens), four beads on the third wire (four hun-
dreds). and eight beads on the fourth wire (eight thousands).

abalone edible marine snail of the worldwide genus Haliotis,
family Haliotidae. Abalones have flattened, oval, spiralled shells,
which have holes around the outer edge and a bluish mother-of-
pearl lining. This lining is used in ornamental work.

abdomen in vertebrates, the part of the body below the 3thorax,
containing the digestive organs; in insects and other arthropods, it
is the hind part of the body. In mammals, the abdomen is separat-
ed from the thorax by the ¢diaphragm, a sheet of muscular tissue;
in arthropods, commonly by a narrow constriction. In mammals,
the female reproductive organs are in the abdomen. In insects and
spiders, it is characterized by the absence of limbs.

aberration of starlight apparent displacement of a star from its
true position, due to the combined effects of the speed of light and
the speed of the Earth in orhit around the Sun (about 30 km per
second/18.5 mi per second).

Aberration, discovered in 1728 by English astronomer James
Bradley (1693-1762). was the first observational proof that the
Earth orbits the Sun.

aberration, optical any of a number of defects that impair the
image in an optical instrument. Aberration occurs because of
minute variations in lenses and mirrars, and because different
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movement of Earth

aberration of starlight The aberration of starlight is an optical
illusion caused by the motion of the Earth. Rain falling appears
vertical when seen from the window of a stationary train; when
seen from the window of a moving train, the rain appears to follow
a sloping path. In the same way, light from a star ‘falling’ down a
telescope seems to follow a sloping path because the Earth is
moving. This causes an apparent displacement, or aberration, in the
position of the star.
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chromatic aberration

blue focus

spherical aberration
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aberration, optical The main defects, or aberrations, of optical
systems. Chromatic aberration, or coloured fringes around images,
arises because light of different colours is focused at different points
by a lens, causing a blurred image. Spherical aberration arises
because light that passes through the centre of the lens is focused at
a different point from light passing through the edge of the lens.
Astigmatism arises if a lens has different curvatures in the vertical
and horizontal directions. Coma arises because light passing directly
through a lens is focused at a different point to light entering the
lens from an angle.

parts of the light pspectrum are reflected or refracted by varying
amounts.

In chromatic aberration the image is surrounded by coloured
fringes, because light of different colours is brought to different
focal points by a lens. In spherical aberration the image is blurred
because different parts of a spherical lens or mirror have different
focal lengths. In astigmatism the image appears elliptical or cross-
shaped because of an irregularity in the curvature of the lens. In
coma the images appear progressively elongated towards the edge
of the field of view. Elaborate computer programs are now used to
design lenses in which the aberrations are minimized.

abiotic factor a nonorganic variable within the ecosystem, affect-
ing the life of organisms. Examples include temperature, light, and

soil structure. Abiotic factors can be harmful to the environment,
as when sulphur dioxide emissi from power i produce
acid rain.

abortion Latin aborire ‘to miscerry’ ending of a pregnancy
before the fetus is developed sufficiently to survive outside the
uterus. Loss of a fetus at a later gestational age is termed prema-
ture stillbirth. Abortion may be accidental (miscarriage) or delib-
erate (termination of pregnancy).

deliberate termination In the first nine weeks of pregnancy, med-
ical termination may be carried out using the ‘abortion pill"
(omifepristone) in conjunction with a (prostaglandin. There are
also various procedures for surgical termination, such as
pdilatation and curettage, depending on the length of the pregnan-
cy.
Worldwide, an estimated 150,000 unwanted pregnancies are
terminated each day by induced abortion. One-third of these abor-
tions are performed illegally and nnsafely, and cause one in eight
of all maternal deaths.

abortion as birth control Abortion as a means of birth control has
long been controversial. The argument centres largely upon
whether a woman should legally be permitted to have an abortion
and, if so, under what circumstances. Another aspect is whether,
and to what extent, the law should protect the fetus.

Those who oppose abortion generally believe that human life
begins at the moment of conception, when a sperm fertilizes an
egg. This is the view held, for example, by the Roman Catholic
Church. Those who support unrestricted legal abortion may believe
in a woman's right to choose whether she wants a child, and may
take into account the large numbers of deaths and injuries from
unprofessional back-street abortions.

Others approve abortion for specific reasons. For example, if a
woman's life or health is jeopardized, abortion may be recom-
mended; and if there is a strong likelihood that the child will be
born with severe mental or physical disability. Other grounds for
abortion include pregnancy resulting from sexual assault such as
rape or incest.

abrasive Latin ‘to scratch away’ substance used for cutting and
polishing or for remaving small amounts of the surface of hard
materials. There are two types: natural and artificial abrasives,
and their hardness is measured using the )Mohs' scale. Natural
abrasives include quartz, sandstone, pumice, diamond, emery, and
corundum; artificial abrasives inclnde rouge, whiting, and car-
borundum.

abscess collection of ppus in solid tissue forming in response to
infection. Its presence is signalled by pain and inflammation.

abscissa in fcoordinate geometry, the x-coordinate of a point —
that is, the horizontal distance of that point from the vertical or y-
axis. For example, a point with the coordinates (4, 3) has an abscis-
sa of 4. The y-coordinate of a point is known as the pordinate.

y-axis
4
A
34— ———— -9 (43)
24 |
|
14
|
T T T } T X-axis
1 2 3 4 5
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abscissin or abscissic acid plant hormone found in all higher
plants. It is involved in the process of pabscission and also inhibits
stem elongation, germination of seeds, and the sprouting of buds.

abscission in botany, the controlled separation of part of a plant
from the main plant body - most commonly, the falling of leaves or
the dropping of frnit controlled by pabscissin. In jdeciduous plants
the leaves are shed before the winter or dry season, whereas
Oevergreen plants drop their leaves continually throughout the
year. Fruitdrop, the abscission of fruit while still immature, is a
naturally occurring process.

Abscission occurs after the formation of an abscission zone at
the point of separation. Within this, a thin layer of cells, the abscis-
sion layer, becomes weakened and breaks down through the con-
version of pectic acid to pectin. Consequently the leaf, fruit, or
other part can easily be dislodged by wind or rain. The process is
thought to be controlled by the amount of pauxin present.
Fruitdrop is particularly common in fruit trees such as apples, and
orchards are often sprayed with artificial auxin as a preventive
measure.

absolute (of a value) in computing, real and unchanging. For
example, an absolute address is a location in memory and an
absolute cell reference is a single fixed cell in a spreadsheet dis-
play. The opposite of absolute is prelative.

absolute value or modulus in mathematics, the value, or mag-
nitude, of a number irrespective of its sign. The absolute value of a
number 7 is written Irl (or sometimes as mod r), and is defined as
the positive square root of n2. For example, the numbers -5 and 5
have the same absolute value:

151=1-51=5

For a pcomplex number, the absolute value is its distance to the
origin when it is plotted on an Argand diagram, and can be calcu-
lated {without plotting) by applying Pythagoras' theorem. By defi-
nition, the absolute value of any complex number a + ib (where a
and b are real numbers and i is V-1) is given by the expression:

la + ibl = Via? + b?)

absolute zero lowest temperature theoretically possible accord-
ing to kinetic theory, zero kelvin (0 K), equivalent to
~273.15°(/—459.67°F, at which molecules are in their lowest ener-
gy state. Although the third law of gthermodynamics indicates the
impossibility of reaching absolute zero in practice, a temperature
of 2.8 x 10-10K (0.28 billionths of a degree above absolute zero) has
been produced in 1993 at the Low Temperature Laboratory in
Helsinki, Finland, using a technique called nuclear demagnetiza-
tion. Near absolute zero, the physical properties of some materials
change substantially; for example, some metals lose their electrical
resistance and become superconducting.

absorption the taking up of one substance by another, such as a
liquid by a solid (ink by blotting paper) or a gas by a liquid (ammo-
nia by water). In physics, absorption is the phenomenon by which
a substance retains radiation of particular wavelengths; for exam-
ple, a piece of blue glass absorbs all visible light except the wave-
lengths in the blue part of the spectrum; it also refers to the partial
loss of energy resulting from light and other electromagnetic waves
passing through a medium. In nuclear physics, absorption is the
capture by elements, such as boron, of nentrons produced by fis-
sion in a reactor.

absorption lines in astronomy, dark line in the spectrum of a hot
ohject due to the presence of absorbing material along the line of
sight. Absorption lines are caused by atoms absorbing light from
the source at sharply defined wavelengths. Numerous absorption
lines in the spectrum of the Sun (Fraunhofer lines) allow
astronomers to study the composition of the Sun's outer layers.
Absorption lines in the spectra of stars give clues to the composi-
tion of interstellar gas.

absorption spectroscopy or abserptiometry in analytical
chemistry, a technique for determining the identity or amount pre-
sent of a chemical substance by measuring the amount of electro-

magnetic radiation the substance absorbs at specific wavelengths;
see DSpectroscopy.

abutilon one of a group of 90 related species of tropical or semi-
tropical ornamental plants. The Indian mallow or velvet leaf
(Abutilon theophrastus) is one of the more common; it has bell-
shaped yellow flowers and is the source of a jutelike fibre. Many of
the species are pollinated by hummingbirds. (Genus Abutilon, fam-
ily Malvaceae.)

abyssal plain broad expanse of sea floor lying 3-6 km/2-4 mi
below sea level. Abyssal plains are found in all the major oceans,
and they extend from bordering continental rises to mid-oceanic
ridges.

abyssal zone dark ocean region 2,000-6,000 m/6,500-19,500 ft
deep; temperature 4°C/39°F. Three-quarters of the area of the
deep-ocean floor lies in the abyssal zone, which is too far from the
surface for photosynthesis to take place. Some fish and crustaceans
living there are blind or have their own light sources. The region
above is the bathyal zone; the region below, the hadal zone.

Abyssinian cat or rabbit cat breed of domestic shorthaired cat,
possibly descended from antiquity. In modern times, it was import-
ed from Abyssinia (now Ethiopia) to Britain in the 1860s. The coat
of the usual variety is ruddy brown (similar to a rabbit or hare)
with each hair ringed with two or three darker coloured bands. 1t
has a medium-length body, long, slender legs, large wideset ears,
and deep gold or green eyes. It resembles cats that appear in
ancient Egyptian wall paintings.

The breed was recognized in Britain 1882 and is now most wide-
ly bred in the USA. There are many varieties.

abzyme in biotechnology, an artificially created antibody that can
be used like an enzyme to accelerate reactions.

AC in physics, abbreviation for palternating curreut.

To remember the order of items in an AC circuit:

THE VOLTAGE (V) ACROSS A CAPACITOR (C) LAGS THE CURRENT (I)

BY 90 DEGREES. THE VDLTAGE ACROSS THE INDUCTOR (L) LEADS

| THE CURRENT BY 90 DEGREES. THIS IS GIVEN BY THE woRDp CIVIL,
f WHEN sPLIT INTO CIV AND VIL.

L

acacia any of a large group of shrubs and trees that includes the
thorn trees of the African savanna and the gum arabic tree
(Acacia seregal) of N Africa, and several North American species
of the southwestern USA and Mexico. The hardy tree commonly
known as acacia is the false acacia (Robinia pseudacacia, of the
subfamily Papilionoideae). True acacias are found in warm
regions of the world, particularly Australia. (Genus Acacia, fami-
ly Leguminosae.)

A. dealbata is grown in the open air in some parts of France and
the warmer Enropean countries, and is remarkable for its clusters
of fluffy, scented yellow flowers, sold by florists as mimosa. The
leaves of the genus are normally bipinnate (leaflets on both sides of
each stem and stems growing on both sides of a larger stem), and
the flowers grow in a head.

acanthus herbaceous plant with handsome lobed leaves. Twenty
species are found in the Mediterrranean region and Old World
tropics, including bear's-breech (Acanthus mollis) whose leaves
were used as a motif in classical architecture, especially on
Corinthian columns. (Genus Acanthus, family Acanthaceae.)

accelerated freeze drying common method of food preserva-
tion. See pfood technology.

acceleration rate of change of the velocity of a moving body. It is
usually measured in metres per second per second (m s—2) or feet
per second per second (ft s~2). Because velocity is a fvector quanti-
ty (possessing both magnitude and direction) a body travelling at
constant speed may be said to be accelerating if its direction of
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motion changes. According 1o Newton's second law of metion, a
body will accelerate only if it is acted npon by an unbalanced, or
resultant, oforce.

Acceleration due 1o gravity is the acceleration of a body falling
freely under the influence of the Earth’s gravitational field; it varies
slightly at different latitudes and altitudes. The value adopted
internationally for gravitational acceleration is 9.806 m s%/32.174
ft s2.

acceleration, secular in astronomy, the continuous and nonperi-
odic change in orbital velocity of one body around another, or the
axial rotation period of a body.

An example is the axial rotation of the Earth. This is gradually
slowing down owing to the gravitational effects of the Moon and the
resulting production of tides, which have a frictional effect on the
Earth. I 1, the lar ¢ of the Earth-Moon Sys-
tem is mamlamed because the momentum lost by the Earth is
passed to the Moon. This results in an increase in the Moon's
orbital period and a consequential moving away from the Earth.
The overall effect is that the Earth's axial rotation period is
increasing by about 15 millionths of a second a year, and the Moon
is receding from the Earth at about 4 ¢cm/1.5 in a year.

acceleration, uniform in physics, acceleration in which the
velocity of a body changes by equal amounts in successive time
intervals. Uniform acceleration is represented by a straight line on
a Ospeed-time graph.

accelerator in physics, a device to bring charged particles (such
as protons and electrons) up to high speeds and energies, at which
they can be of nse in industry, medicine, and pure physics. At low
energies, accelerated particles can be used to produce the image
on a television screen and generate X-rays (by means of a
Hcathode-ray tube), destroy tumour cells, or kill bacteria. When
high-energy particles collide with other particles, the fragments
formed reveal the nature of the fundamental forces.

The first accelerators used high voltages (produced by ¢van de
Graaff generators) to generate a strong, unvarying electric field.
Charged particles were accelerated as they passed through the
electric field. However, because the voltage produced by a genera-
tor is limited, these accelerators were replaced by machines where
the particles passed through regions of alternating electric fields,
receiving a succession of small pushes to accelerate them.

The first of these accelerators was the linear accelerator or
linac. The linac consists of a line of metal tubes, called drift tubes,
through which the particles travel. The particles are accelerated by
electric fields in the gaps between the drift tubes.

Another way of making repeated use of an electric field is to
bend the path of a particle into a circle so that it passes repeated-
ly through the same electric field. The first accelerator to use this
idea was the cyclotron pioneered in the early 1930s by US physi-
cist Ernest Lawrence. A cyclotron consists of an electromagnet with
two hollow metal semicircular structures, called dees, supported
between the poles of an electromagnet. Particles such as protons
are introduced at the centre of the machine and travel ontwards in
a spiral path, being accelerated by an oscillating electric field each
time they pass through the gap between the dees. Cyclotrons can
accelerate particles up to energies of 25 MeV (25 million electron
volts); to produce higher energies, new techniques are needed.

In the psynchrotron, particles travel in a circular path of con-
stant radius, guided by electromagnets. The strengths of the elec-
tromagnets are varied to keep the particles on an accurate path.
Electric fields at points around the path accelerate the particles.

ACCELERATOR PHYSICS PAGE

http://www-laacg.atdiv.
lanl.gov/accphys.html

Virtual library dedicated to accelerator physics, with pages on design
and components, as well as direct links to laboratories throughout
the world.

high frequency alternating

spiral path of voltage applied across here

charged particles

source of

Lz A accelerated stream

hollow chambers

accelerator The cyclotron, an early accelerator, consisted of two D-
shaped hollow chambers enclosed in a vacuum. An alternating
voltage was applied across the gap between the hollows. Charged
particles spiralled outward from the centre, picking up energy and
accelerating each time they passed through the gap.

Early accelerators directed the particle beam onto a stationary
1arget; large modern accelerators usually collide beams of particles
that are travelling in opposite directions. This arrangement dou-
bles the effective energy of the collision.

The world's most powerful accelerator is the 2 km/1.25 mi diam-
eter machine at OFermilab near Batavia, Ilinois, USA. This
machine, the Tevatron, accelerates protons and antiprotons and
then collides them at energies up to a thousand billion electron
volts (or 1 TeV, hence the name of the machine). The largest accel-
erator is the pLarge Electron Positron Collider at 0CERN near
Geneva, which has a circumference of 27 km/16.8 mi around which
electrons and positrons are accelerated before being allowed to
collide. The world’s longest linac is also a colliding beam machine:
the Stanford Linear Collider, in California, in which electrons and
positrons are accelerated along a straight track, 3.2 km/2 mi long,
and then steered to a head-on collision with other particles, such
as protons and neutrons. Such experiments have been instrumen-
tal in revealing that protons and neutrons are made up of smaller
elementary particles called ¢quarks.

accelerator board type of pexpansion board that makes a com-
puter run faster. 1t usually contains an additional processor (see
pcentral processing unit).

accelerometer apparatus, either h 1 or electr
cal, for measuring ¢acceleration or deceleration - that is, the rate
of increase or decrease in the (velocity of a moving object.

The mechanical types have a spring-snpported mass with a
damper system, with indication of acceleration on a scale on which
a ligbt beam is reflected from a mirror on the mass. The electro-
mechanical types use (1) a sljde wire, (2) a strain gauge, (3) vari-
able ind e, or (4) a p lectric or similar device that pro-
duces electrically measurable effects of acceleration.

Accelerometers are used to measure the efficiency of the brak-
ing systems on road and rail vehicles; those used in aircraft and
spacecraft can determine accelerations in several directions simul-
taneously. There are also accelerometers for detecting vibrations in
machinery.

acceptable use in computing, set of rules enforced by a service
provider or backbone network restricting the use to which their
facilities may be put. Every organization on the Internet has its own
acceptable use policy (AUP); schools, for example, may ban the
use of their facilities to find or download pornography from the
Internet.

Originally, when the Internet was publicly funded, acceptable
use banned advertising, and although funding is moving to private
enterprise and advertising has now become commonplace, some
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service providers still do not allow commercial exploitation. The US
National Science Foundation's NSFnet, for example, imposes a
strict AUP to prohibit commercial organizations from using the net-
work.

access in computing, the way in which ¢file access is provided so
that the data can be stored, retrieved, or updated by the comput-
er.

access privilege in computer networking, authorized access to
files. The ability to authorize or restrict access selectively to files
or directories, including separate privileges such as reading, writ-
ing, or changing data, is a key element in computer security sys-
tems. This kind of system ensures that, for example, a company’s
employees cannot read its personnel files or alter payroll data
unless they work for the appropriate departments, or that free-
lance or temporary staff can be given access to some areas of the
compnter system but not others.

Certain types of restrictions may be applied by users them-
selves to files on their own deskiop machines, such as private e-
mail; others may be granted only by the system administrator.

On all client-server systems, all data, even private e-mail and
personal letters, can be accessed by the system administrator,
who needs system-wide privileges in order to manage the net-
work properly. Data which is encrypted, however, will not be
readable unless the system administrator knows the user’s indi-
vidual password.

The privacy of emp! e-mail is a ious issue, as many
employees assume their e-mail is private, while many companies
presume ownership of all data stored on company systems.

access provider in computing. another term for ¢lnternet
Service Provider.

access time or reaction time in computing, the time taken by a
computer, after an instruction has been given. to read from or
write to (memory.

acclimation or acclimatization the physiological changes
induced in an organism by exposure to new environmental condi-
tions. When humans move to higher altitudes, for example, the
number of red blood cells rises to increase the oxygen-carrying
capacity of the blood in order to compensate for the lower levels
of oxygen in the air.

In evolutionary terms, the ability to acclimate is an important
adaptation as it allows the organism to cope with the environ-
mental changes occurring during its lifetime.

accommodation in biology. the ability of the ¢eye to focus on
near or far objects by changing the shape of the lens.
For an object to be viewed clearly its image must be precisely

focused on the retina, the light-sensitive layer of cells at the rear
of the eye. Close objects can be seen when the lens takes up a
more spherical shape, distant objects when the lens is flattened.
These changes in shape are caused by the movement of Jigaments
attached to a ring of ciliary muscles lying beneath the iris.

From about the age of 40, the lens in the human eye becomes
less flexible, causing the defect of vision known as presbyopia or
lack of accommodation. People with this defect need different
spectacles for reading and distance vision.

account on a computer network, a fuser-ID issued to a specific
individual to enable access to the system for purposes of billing,
administration, or private messaging. The existence of accounts
allows system administrators to assign ¢access privileges to spe-
cific individuals (which in turn enables those individuals to
receive private messages such as e-mail) and also to track the use
of the computer system and its resources.

On commercial systems such as CompuServe or America
Online, users are given an account when they dial np the system
and give the number of a credit card to which usage may be
billed. On other types of systems, accounts are typically issued by
the system administrator. In all cases, accounts are protected by
a password, which should be carefully chosen.

accretion in astrophysics, a process by which an object gathers
up surrounding material by gravitatiopal atiraction, so simulta-
neously increasing in mass and releasing gravitational energy.
Accretion on to compact objects such as pwhite dwarfs, ¢neutron
stars and ¢black holes can release large amounts of gravitational
energy. and is believed to be the power source for active galaxies.
Accreted material falling towards a star may form a swirling disc
of material known as an paccretion disc that can be a source of X-
rays.

accretion disc in astronomy, a flattened ring of gas and dust
orbiting an object in space, such as a star or (black hole. The
orbiting material is accreted (gathered in) from a neighbouring
object such as another star. Giant accretion discs are thought to
exist at the centres of some galaxies and dquasars.

If the central object of the accretion disc has a strong gravita-
tional field, as with a neutron star or a black hale, gas falling onto
the accretion disc releases energy, which heats the gas to extreme
temperatures and emits short-wavelength radiation, such as X-
rays.

accL lator in puting, a special register, or memory loca-
tion, in the parithmetic and logic unit of the computer processor.
1t is used to hold the result of a calculation temporarily or to store
data that is being transferred.

distant object
house far away lens long
from the eye and thin
ﬂ - large pupit ((I:>—

ctose object

pencil near
the eye

tight M >
ligaments
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accommodation The mechanism by which the shape of the lens in the eye is changed so that clear images of objects, whether distant or near,

can be focused on the retina.
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accumulator The lead-acid car battery is a typical example of an
accumulator. The battery has a set of grids immersed in a sulphuric
acid electrolyte. One set of grids is made of lead (Pb) and acts as the
anode and the other set made of lead oxide (PbO,) acts as the
cathode.

accumulator in electricity, a storage ¢battery - that is, a group
of rechargeable secendary cells. A familiar example is the
lead-acid car battery.

An ordinary 12-volt car hattery consists of six lead-acid cells
which are continually recharged when the motor is running by the
car's alternator or dyname. It has electrodes of lead and lead oxide
in an electrolyte of sulphuric acid. Another common type of accu-
mulator is the ‘nife’ or Ni Fe cell, which has electrodes of nickel
and iron in a potassium hydroxide electrolyte.

accuracy in mathematics, a measure of the precision of a number.
The degree of accuracy depends on how many figures or decimal
places are used in rounding off the number. For example, the result
of a calculation or measurement (such as 13.429314) might be
rounded off to three decimal places (13.429), to two decimal places
(13.43), to one decimal place (13.4), or to the nearest whele num-
ber (13). The first answer is more accurate than the second, the
second more accurate thaa the third, and se en.

Accuracy also refers to a range of errors. For example, an accu-
racy of £ 5% means that a value may lie between 95% and 105% of
a given answer.

acer group of over 115 related species of trees and shrubs of the
temperate regions of the northern hemisphere, many of them pop-
ular garden specimens. They include ¢sycameore and omaple. Some
species have pinnate leaves (leaflets either side of a stem), includ-
ing the box elder (Acer negundo) of North America. (Genus Acer.)

That is the essence of science: ask an impertinent question, and
you are on the way to a pertinent answer.

Jacos Bronowski Polish-born scientist, breadcaster, and writer.
Ascent of Man

acetic acid common name for fethanoic acid.
acetone common name for Opropanone.

acetylcholine (ACh) chemical that serves as a Oneuro-transmit-
ter, icating nerve impulses hetween the cells of the ner-
vous system. It is largely associated with the transmission of
impulses across the 9synapse (junction) between nerve and muscle
cells, causing the muscles to contract.

ACh is preduced in the synaptic knoh (a swelling at the end of a
nerve cell) and stored in vesicles until a nerve impulse triggers its
discharge across the synapse. When the ACh reaches the mem-
brane of the receiving cell it binds with a specific site and hrings
about depolarization - a reversal of the electric charge on either
side of the membrane - causing a fresh impulse (in nerve cells) or
a contraction (in muscle cells). Its action is shortlived becanse it is
quickly destroyed by the enzyme cholinesterase.

Anticholinergic drugs have a number of uses in medicine to
block the action of ACh, thereby disrupting the passage of aerve
impulses and relaxing certain les, for ple in pr di
tion before surgery.

acetylene common name for dethyne.

acetylsalicylic acid chemical name for the painkilling drug
paspirin.

achene dry, ded ofruit that develops from a single dovary
and does not split open to disperse the seed. Achenes commonly
occur in groups — for example, the frniting heads of buttercup
Ranunculus and clematis. The outer surface may he smooth, spiny,
ribbed, or tuberculate, depending on the species.

Achernar or Alpha Eridani brightest star in the constellation
Eridanus, and the ninth hrightest star in the sky. It is a hot, lumi-
nons, blue star with a true luminesity 250 times that of the Sun. It
is 125 light years away.

Achilles tendon tendon at the back of the ankle attaching the
calf muscles to the heel bone. It is one of the largest tendons in the
human hody, and can resist great tensional strain, hut is sometimes
ruptured by contraction of the muscles in sudden extension of the
foot.

Ancient surgeons regarded wounds in this tendon as fatal, prob-
ably because of the Greek legend of Achilles, which relates how the
mother of the hero Achilles dipped him when an infant into the
river Styx, so that he hecame invulnerable except for the heel by
which she held him.

achondrite type of ometeorite. They comprise about 15% of all
meteorites and lack the chendrules (silicate spheres) found in
Hchondrites.

achromatic lens comhination of lenses made from materials of
different refractive indexes, constructed in such a way as to mini-
mize chromatic aberration (which in a single lens causes coloured
fringes around images hecause the lens diffracts the different
wavelengths in white light to slightly different extents).

acid compound that, in selution in an ionizing solvent (usually
water), gives rise to hydrogen ions (H* or protens). In medern
chemistry, acids are defined as substances that are proton donors
and accept electrons te form dienic bonds. Acids react with Obases
to form salts, and they act as solvents. Strong acids are corrosive;
dilute acids have a sour or sharp taste, although in some organic
acids this may be partially masked by other flavour characteristics.

Acids can be detected by using coloured indicators such as olitmus
and methyl orange. The strength of an acid is measured by its hydro-
gen-ion concentration, indicated by the opH value. Acids are classi-

acesulfame-K noncarhohydrate sweetener that is np to 300 times
as sweet as sugar. It is used in soft drinks and desserts.

acetaldehyde commen name for gethanal.

acetate c name for ¢

fied as b dibasic, tribasic, and so forth, according to the

‘ To remember how to mix acid and water safely:

I ADD ACID TO WATER, JUST AS YOU OUGHTA!
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number of hydrogen atoms, replaceable hy bases, in a molecule. The
first known acid was vinegar (ethanoic or acetic acid). Inorganic
acids include boric, carbonic, hydrochloric, hydrofluoric, nitric,
phosphoric, and sulphuric. Organic acids include acetic, benzoic, cit-
ric, formic, lactic, oxalic, and salicylic, as well as complex substances
such as dnucleic acids and Hamino acids.

acidic oxide oxide of a ¢nonmetal. Acidic oxides are covalent
compounds. Those that dissolve in water, such as sulphur dioxide,
give acidic solutions.

S0, + Hy0 © HyS05,5 ¢ He o + HSOa"aql
All acidic oxides react with alkalis to form salts.
€O, + NaOH — NaHCO,

acid rain acidic precipitation thought to be caused principally by
the release into the atmosphere of sulphur dioxide (S0,) and oxides
of nitrogen. Sulphur dioxide is formed by the burning of fossil fuels,
such as coal, that contain high quantities of sulphur; nitrogen
oxides are contributed from various industrial activities and from
car exhaust fumes.

Acid deposition occurs not enly as wet precipitation (mist, snow,
or rain), but also comes out of the atmosphere as dry particles or
is absorbed directly by lakes, plants, and masonry as gases. Acidic
gases can travel over 500 km/310 mi a day so acid rain can be con-
sidered an example of transboundary pollution.

Acid rain is linked with damage to and the death of forests and
lake organisms in Scandinavia, Europe, and eastern North America.
It also resuits in damage to buildings and statues. US and European
power stations that burn fossil fuels release about 8 g/0.3 oz of sul-
phur dioxide and 3 g/0.1 oz of nitrogen oxides per kilowatt-hour.

ACID RAIN

http://www.environment -
agency.gov.uk/s-enviro/states/
3-2.html

Britain's Environmental Agency report on the environmental
consequences of acid rain. This well-written article, supported by
graphs and statistics, gives a good understanding of the scale of the
problems caused by acid rain.

acid salt chemical compound formed by the partial neutralization
of a dibasic or tribasic pacid (one that contains two or three hydro-
gen atoms). Although a salt, it contains replaceable hydrogen, so it
may undergo the typical reactions of an acid. Examples are sodium
hydrogen sulphate (NaHSO,) and acid phosphates.

ack radio-derived term for ‘acknowledge’. It is used on the
Internet as a brief way of indicating agreement with or receipt of a
message or instruction.

aclinic line the magnetic equator, an imaginary line near the
Equator, where a compass needle balances horizontally, the attrac-
tion of the north and sonth magnetic poles being equal.

ACM abbreviation for the US pAssociation for Computing
Machinery.

acne skin eruption, mainly occurring among adolescents and
young adults, caused by infl ion of the seb glands
which secrete an oily substance (sebum), the natural lubricant of
the skin. Sometimes the openings of the glands become blocked,
causing the formation of pus-filled swellings. Teenage acne is seen
mainly on the face, back, and chest.

There are other, less common types of acne, sometimes caused
by contact with irritant chemicals (chloracne).

north
magnetic pole

Earth's axis

north
geographic
pale

Tropic of Cancer

Equator
Tropic of Capricorn

aclinic line

Antarctic (magnetic
south Circe  gouth equator)
Rk magretic
’ pole

aclinic line The magnetic equator; or the line at which the attraction
of both magnetic poles is equal. Along the aclinic line, a compass
needle swinging vertically will settle in a horizontal position.

Europe and Asia. It produces aconitine, a poison with pain-killing
and sleep-inducing properties. (Aconitum napellus, family
Ranunculaceae.)

There are about 100 species throughout the northern temperate
regions, all hardy dherbaceous plants containing poison. Summer
aconite (Aconitum uncinatum) is a common North American flower.
Winter aconite (Eranthis hyemalis) belongs to another genus of the
buttercup family: it has yellow buttercuplike flowers with six petals
which appear in February and March; the leaves follow later.

acorn fruit of the poak tree, a juut growing in a shallow cup.

Acorn UK computer manufacturer. In the early 1980s, Acorn pro-
duced a series of home microcomputers, including the Electron and
the Atom. its most snccessful computer, the BBC Microcomputer,
was produced in conjunction with the BBC. Subsequent computers
(the Master and the Archimedes) were less s ful. Acorn was
rescued by the Italian company Olivetti in 1985 but it has since sold
off its majority shareholding.

acouchi any of several small South American rodents, genus
Myoprocta. They have white-tipped tails, and are smaller relatives
of the pagouti.

acoustic coupler device that enables computer data to be trans-
mitted and received through a normal telephone handset; the
handset rests on the coupler to make the connection. A small
speaker within the device is used to convert the computer's digital
output data into sound signals, which are then picked up by the
handset and transmitted throngh the telephone system. At the
receiving telephone, a second acoustic coupler or modem converts
the sound signals back into digital data for input into a computer.

Unlike a ¢modem, an acoustic coupler does not require direct
connection to the telephone system. However, interference from
background noise means that the quality of transmission is poorer
than with a modem, and more errors are likely to arise.

acoustic ohm c.g.s. unit of acoustic impedance (the ratio of the
sound pressure on a surface to the sound flux through the surface).
1t is analogous to the ohm as the unit of electrical ¢impedance.

acoustics in general, the experimental and theoretical science of
sound and its transmission; in particular, that branch of the science
that has to do with the phenomena of sound in a particular space
such as a room or theatre. In architecture, the sound-rellecting
character of an internal space.

A .

aconite or monkshood or wolfsb herb plant bel
to the buttercup family, with hooded blue-mauve flowers, native to

ing is concerned with the technical control of
sound, and inve olves architecture and construction, studying control
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computer

keyboard

acoustic coupler telephone
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acoustic coupler The acoustic coupler converts digital output from a computer to sound signals that can be sent via a telephone line.

of vibration, soundproofing, and the elimination of noise. 1t also
includes all forms of sound recording and reinforcement, the hear-
ing and perception of sounds, and hearing aids.

ACOUSTIC ILLUSIONS

http://www.uni-
bonn.de/~uzs083/akustik.html

Dedicated to the Shepard effect: a scale that gives the listener the
impression of an endlessly rising melody, when in fact the pitch of
the tones does not rise. Sound files illustrate this, and accompany an
account of an experiment in which the Shepard effect was applied
10 J S Bach's Das Musikalische Opfer/Musical Offering.

acquired character feature of the body that develops during the
lifetime of an individual, usually as a result of repeated use or dis-
use, such as the enlarged muscles of a weightlifter.

French naturalist Jean Baptiste Lamarck's theory of evelution
assumed that acquired characters were passed from parent to off-
spring. Modern evolutionary theory does not recognize the inheri-
tance of acquired characters because there is no reliable scientific
evidence that it occurs, and because no mechanism is known
whereby bodily changes can influence the genetic material. The
belief that this does not occur is known as pcentral dogma.

acquired immune deficiency syndrome full name for the dis-
ease DAIDS.

acre traditional English land measure equal to 4,840 square yards
(4.047 sq m/0.405 ha). Originally meaning a field, it was the size
that a yoke of oxen could plough in a day.

As early as Edward I's reign, (1272-1307) the acre was stan-
dardized by statute for official use, although local variations in
Ireland, Scotland, and some English counties continued. 1t may be
subdivided into 160 square rods (one square rod equalling 25.29 sq
m/30.25 sq yd).

acre-foot unit sometimes used to measure large volumes of
water, such as the capacity of a reservoir (equal to its area in acres
multiplied by its average depth in feet). One acre-foot equals
1,233.5 cu m/43.560 cu ft or the amount of water covering one acre
10 a depth of one foot.

acridine C,3HgN, a heterocyclic organic compound that occurs in
coal tar. It Is crystalline, melting at 108°(/226.4°F. Acridine is
extracted by dilute acids but can also be obtained synthetically. It
is used to make dyes and drugs.

Acrobat program developed by Adobe to allow users of different
types of computers to view the same documents complete with

graphics and layout. Launched in 1993, Acrobat was designed to
get around the limitations of existing systems when transferring
data between different types of computers, which typically
required all formatting to be stripped from the documents. The
program to generate the code that makes the documents transfer-
able with formatting intact must be bought, but the program for
reading the documents is available free of charge.

By 1996 Acrobat was in common use on the World Wide Web for
distributing certain types of company documents, and the program
had been enhanced to integrate with Web pbrowsers.

acrolein or acraldehyde CH,:CHCHO, a colourless liquid formed
during the partial combustion of fats. It is an unsaturated aldehyde,
boils at 52°C/125.6°F, has an irritating action on the skin, and its
vapours cause a copious flow of tears. It was used in gas form as a
chemical weapon in World War 1 by the French under the code-
name Papite.

acronym abbreviation that can be pronounced as a word, for
example RISC (Reduced Instruction Set Computer) and MUD
(multi-user dungeon). People in the computer industry often incor-
rectly refer to all abbreviations as acronyms. Both are frequently
used as industry jargon and as shorthand to save typing on the Net.
See also OTLA (three letter acronym).

acrylic acid common name for ppropenoic acid.

ACTH (abbreviation for adrenocorticotrophic hormone)
phormone secreted by the anterior lobe of the ppituitary gland. It
controls the production of corticosteroid hormones by the dadrenal
gland and is commonly produced as a response to stress.

actinide any of a series of 15 radioactive metallic chemical ele-
ments with atomic numbers 89 {actinium) to 103 (lawrencium).
Elements 89 to 95 occur in nature; the rest of the series are syn-
thesized elements only. Actinides are grouped together because of
their chemical similarities (for example, they are all bivalent), the
properties differing only slightly with atomic number. The series is
set out in a band in the dperiodic table of the elements, as are the
planthanides.

actinium Greek aktis ‘ray’ white, rad , metallic el t
the first of the actinide series, symbol Ac, atomic number 89, rela-
tive atomic mass 227; it is a weak emitter of high-energy alpha par-
ticles.

Actinium occurs with uranium and radium in ppitchblende and
other ores, and can be synthesized by bombarding radium with
neutrons. The longest-lived isotope, Ac-227, has a half-life of 21.8
years (all the other isotopes have very short half-lives). Chemically.
it is exclusively trivalent, resembling in its reactions the lan-
thanides and the other actinides. Actinium was discovered 1899 by
the French chemist André Debierne (1874-1949).

actinium K original name of the radioactive element ¢francium,
given 1939 by its discoverer, the French scientist Marguerite Perey
(1909-1975).
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action and reaction in physical mechanics, equal and opposite
forces which act together. For example, the pressure of expanding
gases from the burning of fuel in a rocket engine produces an equal
and opposite reaction, which causes the rocket 1o move. This is
Newton's third law of motion (see pNewton's laws of motion.

action potential in biology, a change in the Opotential difference
(voltage) across the membrane of a nerve cell when an impulse
passes along it. A change in potential (from about -60 to +45 milli-
volts) accompanies the passage of sodium and potassium ions
across the membrane.

activation analysis in analytical chemistry, a technique used to
reveal the presence and amount of minute impurities in a sub-
stance or element. A sample of a material that may contain traces
of a certain element is irradiated with pneutrons, as in a reactor.
Gamma rays emitted by the material's radioisotope have unique
energies and relative intensities, similar to the spectral lines from
a luminous gas. Measurements and interpretation of the gamma-
ray spectrum, using data from standard samples for comparison,
provide information on the amount of impurities present.

activation energy in chemistry, the energy required in order to
start a chemical reaction. Some elements and compounds will react
together merely by bringing them into contact (spontaneons reac-
tion). For others it is necessary to supply energy in order to start
the reaction, even if there is ultimately a net output of energy. This
initial energy is the activation energy.

active galaxy in astronomy. a type of galaxy that emits vast
quantities of energy from a small region at its centre called the
active galactic nucleus (AGN). Active galaxies are subdivided into
pradio galaxies, pSeyfert galaxies, {BL Lacertae objects, and
bquasars.

Active galaxies are thought to contain black holes with a mass
some 108 times that of the Sun, drawing stars and interstellar gas
towards it in a process of accretion. The gravitational energy
released by the in-falling material is the power source for the
AGN. Some of the energy may appear as a pair of opposed jets
emerging from the nucleus. The orientation of the jets to the line
of sight and their interaction with surrounding material deter-
mines the type of active galaxy that is seen by observers. See also
pstarburst galaxy.

active matrix LCD (or TFT (thin film transistor) display) type of
colour pliquid crystal display (LCD) commouly nsed in laptop com-
puters. Active matrix displays are made by sandwiching a film con-
taining tiny transistors between two plates of glass. They achieve
high contrast and brightness by applying voltage across the hori-
zontal and vertical wires between the two glass plates, balanced by
using a small transistor inside each ppixel to amplify the voltage
when so instructed.

To create )VGA colour, each pixel must also integrate colour fil-
ters; essentially, each logical pixel is made up of three physical pix-
els, one for each of red, blue, and green, the primary colours of
light. The consequence of this - and the reason active matrix
screens are such expensive options - is that a VGA display requires
approximately a billion transistors, and even minute imperfections
render the screens nseless for computing purposes. A high refresh
rate means that the screens are extremely responsive, so the cur-
sor does not disappear as a mouse is moved quickly across the
screen.

Active matrix displays began to appear on laptops in 1992, and
are expected by many to eventually replace the older cathode-ray
technology for television sets as well as display monitors.

active transport in cells, the use of energy to move substances,
usually molecules or ions, across a membrane,

Energy is needed because movement occurs against a concen-
tration gradient, with substances being passed into a region where
they are already present in significant quantities. Active transport
thus differs from pdiffusion, the process by which substances move
towards a region where they are in lower concentration, as when
oxygen passes into the blood vessels of the lungs. Diffusion requires
no input of energy.

active window on graphical operating systems, the Hwindow
containing the program actually in nse at any given time. Usually
active windows are easily identified by the use of colour schemes
which assign a different colour to the window's title bar (a thin
strip along the top of each window bearing the name of the win-
dow's specific program or function) from that of the title bars of
inactive windows.

On a true pmnultitasking system, each window may represent an
active program, but the active window is the one into which the
nser may enter data. A user might, for example, be typing a docu-
ment into a word processor in the active window while in the back-
ground other programs back up files or sort data in a database.

ActiveX in computing, Microsoft's umbrella name for a collection
of technologies used to create applications that run on the World
Wide Web or on diniranets.

ActiveX is based on DCOM (Microsoft's Distributed Component
Object Model) and uses ActiveX Controls, which are a lightweight
version of OLE (Yobject linking and embedding) Custom Controls or
OCXs. 1t also includes scripting languages such as JavaScript and
VB Script (Visnal Basic Script), and a pJava Virtual Machine (JVM).

ActiveX was announced in 1996, and later that year was hand-
ed to the Open Group, to manage its development and turn it into
a cross-platform industry standard.

activity in physics, the number of particles emitted in one second
by a radioactive source. The term is used to describe the radioac-
tivity or the potential danger of that source. The unit of activity is
the becquerel (Bg), named after the French physicist Henri
Becquerel.

activity series in chemistry, alternative name for jreactivity
series.

acupuncture in alternative medicine, a system of inserting long,
thin metal needles into the body at predetermined points to relieve
pain, as an anaesthetic in surgery, and to assist healing. The nee-
dles are rotated manually or electrically. The method, developed in
ancient China and increasingly popular in the West, is thought to
work by stimulating the brain's own painkillers, the endorphins.

Acupuncture is based on a theory of physiology that posits a net-
work of life-energy pathways, or ‘meridians’, in the human body
and some 800 ‘acupuncture points’ where metal needles may be
inserted to affect the energy flow for purposes of preventative or
remedial therapy or to produce a local anaesthetic effect.
umerous studies and surveys have attested the efficacy of the
method, which is widely conceded by orthodox practitioners
despite the lack of an acceptable scientific explanation.

ACUPUNCTURE.COM

http://acupuncture.com/

Thorough introduction to the alternative world of acupuncture with
descriptions of the main notions and powers of herbology, yoga, Qi
Gong, and Chinese nutrition. Consumers are given access to lists of
practitioners and an extensive section on acupuncture research.
Practitioners can browse through journal listings and the latest
industry news and announcements.

acute in medicine, term used to describe a disease of sudden and
severe onset which resolves quickly; for example, pneumonia and
meningitis. In contrast, a chronic condition develops and remains
over a long period.

acute angle an angle between 0° and 90°; that is, an amount of
turn that is less than a quarter of a circle.

Ada high-level computer-programming language, developed and
owned hy the US Department of Defense, designed for nse in situ-
ations in which a computer directly controls a process or machine,
such as a military aircraft. The language took more than five years
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to specify, and became cemmercially available enly in the late
1980s. It is named after English h tician Ada Aug

addltlon reaction chermcal reactien in which the atems of an

Byron.

adaptation Latin adaptare ‘to fit to’ in bielegy, any change in
the structure or function of an erganism that allows it to survive
and repreduce mere effectively in its environment. In pevelution,
adaptation is theught te eccur as a result of randem variatien in
the genetic make-up of organisms coupled with pnatural selection.
Species beceme extinct when they are no longer adapted to their
envirenment — for instance, if the climate suddenly becomes cold-
er.

adaptive radiation in evelutien, the formation of several species,
with padaptations te different ways of life, from a single ancestral
type. Adaptive radiation is likely to occur whenever members of a
species migrate to a new habitat with uneccupied ecolegical nich-
es. It is theught that the lack ef cempetition in such niches allews
sections of the migrant pepulation te develop new adaptations, and
eventually te become new species.

The colonizatien of newly formed velcanic islands has led to the
development of many unique species. The 13 species of Darwin's
finch on the Galdpages Islands, for example, are prebably descend-
ed frem a single species frem the Seuth American mainland. The
parent stock evelved inte different species that new eccupy a range
of diverse niches.

ADC in electronics, abbreviation for panalegue-to-digital converter.

addax light-celeured pantelope Addax nasomaculatus of the fam-
ily Bovidae. 1t lives in N Africa around the Sahara Desert where it
exists en scanty vegetatien without drinking. It is abeut 1.1 m/3.5
ft at the sheulder, and beth sexes have spirally twisted horns. Its
heeves are broad, enabling it to move easily on seft sand.

adder electronic circnit in a computer or calculater that carries
out the precess of adding twe binary numbers. A separate adder is
needed for each pair of binary (bits to be added. Such circuits are
essential components of a computer's parithmetic and legic unit
{ALU).

adder Anglo-Saxen naedre ‘serpent’ Eurepean venemeous snake,
the commen ¢viper Vipera berus. Grewing on average te about 60
¢m/24 in in length, it has a thick body, triangular head, a charac-
teristic V-shaped mark on its head and, often, zigzag markings
along the back. It feeds on small mammals and lizards. The puff
adder Bitis arietans is a large, yellowish, thick-bedied viper up to
1.6 m/5 ft long, living in Africa and Arabia.

addiction state of dependence caused by habitual use of drugs,
alcehol, or other substances. It is characterized by uncentrelled
craving, tolerance, and symptoms of withdrawal when access is
denied. Habitual use preduces changes in bedy chemistry and
treatment must be geared te a gradual reductien in desage.

[nitially, enly epium and its derivatives (morphine, heroin,
cedeine) were recegnized as addictive, but many ether drugs,
whether therapentic {for example, tranquillizers) or recreational
(such as cocaine and alcehol), are now knewn to be addictive.

Research peints te a genetic predispesition te addiction; envi-
ronment and psychological make-up are other factors. Altheugh
phyclral dddu tien dlways has a psychological element, net all psy-

d is accempanied by physical dependence. A

Ldr('fully tumrullvd withdrawal programme can reverse the chem-
ical changes ef habituation. Cure is difficult because of the many
other factors centributing to addiction.

adding machine device fer adding (and usually subtracting, mul-
tiplying. and dividing) numbers, operated mechanically or electro-
mechanically; new largely superseded by electronic {calculaters.

addition in arithmetic, the eperation of cembining two numbers te
form a sum; thus, 7 + 4 = 11. It is one ef the four basic eperations of
arithmetic (the ethers are subtraction, multiplication, and divisien).

addition polymerization ¢polymerization reactien in which a
single monomer gives rise to a single polymer, with ne other reac-
tion preducts.

or d react with a deuble bend er triple bond in an
erganic cempound by epening up ene of the bonds and becoming
attached to it, for example

CH,=CH, + HCl - CHyCH,C]

An example is the additien of hydrogen atems te (unsaturated
compeunds in vegetable eils te produce margarine. Addition reac-
tions are used to make useful polymers from palkenes.

add-on small program written to extend the features of a larger
one. The earliest successful add-on fer persenal computer users in
the UK was a small routine which allowed the original version ef
the spreadsheet Lotus 1-2-3 to print out a pound sign (£), some-
thing the pregram'’s US developers had theught unnecessary.

address in a cemputer memery, a number indicating a specific
locatien.

At each address, a single piece of data can be stored. For micro-
computers, this nermally ameunts te ene pbyte {eneugh to repre-
sent a single character, such as a letter or digit).

The maximum capacity of a computer memory depends on hew
many memery addresses it can have. This is nermally measured in
units of 1,024 bytes (knewn as kilobytes, or K).

address means of specifying either a computer or a persen for the
purpese of directing messages or other data acress a network.
Addressing e-mail te a person across the Internet invelves typing in
a string of characters such as ‘userID@machine.system.type.coun-
try’. To send mail to Jane Doe, for example, whese user ID is
‘janed’ and whe werks at a company called Anyco in the UK, a user
weuld type in ‘janed@anyce.ce.uk’.

Computers do net, however, use these named addresses in rout-
ing data. The pertion after the address is knewn as a $demain, and
the demain name is an easy-to-remember alias for a numbered
address that is understandable by a cemputer. This numbered
address, which takes a ferm similar te 127.000.000.001, is known
as an IP (Internet protecol) address. Beth the numbered IP
addresses and domain names are assigned by the pInterNIC.

address book facility in mest e-mail seftware that allows the
storage and retrieval of e-mail addresses. Address beoks remeove
the preblem of trying to remember a particular user's exact e-mail
address — and it must be exact, as computers are unable te correct
human errers. The best address-beek seftware allows a nser te
type in just the correspendent's name and fills in the rest autemat-
ically.

address bus in computing, the electrical pathway or dbus used to
select the route for any particular data item as it is meved from one
part of a computer to anether.

adenoids masses of lympheid tissue, similar to ptonsils, located in
the upper part of the throat, behind the nese. They are part of a
child's natural defences against the entry of germs but usually
shrink and disappear by the age of ten.

Adeneids may swell and grow, particularly if infected, and block
the breathing passages. If they become repeatedly infected, they
may be removed surgically (adenoidectomy), usually along with
the tonsils.

ADH (abhreviation for antidiuretic hormone) in bielegy, part ef
the system maintaining a cerrect salt/water balance in vertebrates.

Its release is stimulated by the {hypethalamus in the brain,
which censtantly receives information abeut salt cencentration
from recepters situated in the neck. In conditions ef water shortage
increased ADH secretien from the brain will cause mere efficient
conservation of water in the kidney, so that fluid is retained by the
bedy. When an animal is able te take in plenty of water, decreased
ADH secretion will cause the urine to become dilute and plentiful.
The system allows the body te compensate for a varying fluid
intake and maintain a correct balance.

Adhara star 600 light years from Earth. It plays a greater part in
ienizing hydrogen in our regien of the Galaxy than all the other 3
million stars lying cleser to our local clenud, according to US
astronomers in 1995.
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Most of space contains unionized hydrogen in tiny amounts but
Adhara is connected to our local cloud by a tunnel of almost hydro-
gen-free space. This means its ionizing radiation reaches our local
cloud without obstacle.

The surface temperature of Adhara is 21,000 K (almost four
times that of the Sun) and it is the brightest source of extreme UV
radiation apart from the Sun.

ADHESIVE

The Florida leaf beetle Hemisphaerota cyanen has |
60,000 adhesive pads on its feet. These enable it to
resist the pull of a 2 g/0.07 oz weight (the equivalent of
a human hanging on to 200 grand pianos). Ant
predators are unable to move the beetle.

E——— = —

adhesive substance that sticks two surfaces together. Natural
adhesives (glues) include gelatin in its crude industrial form (made
from bones, hide fragments, and fish offal) and vegetable gums.
Synthetic adhesi include ther lastic and thermosetting
resins, which are often stronger than the substances they join; mix-
tures of Jepoxy resin and hardener that set by chemical reaction;
and elastomeric (stretching) adhesives for flexible joints.
Superglues are fast-setting adhesives used in very small quantities.

adiabatic in physics, a process that occurs without loss or gain of
heat, especially the expansion or contraction of a gas in which a
change takes place in the pressure or volume, although no beat is
allowed to enter or leave.

adipose tissue type of (connective tissue of vertebrates that
serves as an energy reserve, and also pads some organs. It is com-
monly called fat tissue, and consists of large spherical cells filled
with fat. In mammals, major layers are in the inner layer of skin
and around the kidneys and heart.

Fatty acids are transported to and from it via the blood system.
An excessive amount of adipose tissue is developed in the course of
some diseases, especially obesity.

adit in mining, a horizontal shaft from the surface to reach a min-
eral seam. [t was a common methed of mining in hilly districts, and
was also used to drain water. The mineral-bearing rock is excavat-
ed by digging horizontally into the side of a valley. It is used, for
example, in {coal mining.

adjacent angles pair of angles meeting at a common vertex (cor-
ner) and sharing a common arm. Two adjacent angles lying on the
same side of a straight line add up to 180° and are said to be sup-
plementary.

adjacent side in a ¢right-angled triangle, the side that is next to
a given angle but is not the hypotenuse (the side opposite the right
angle). The third side is the opposite side to the given angle.

admiral any ul' several species of butterfly in the same family
{Nymphalidae) as the tortoiseshells. The red admiral Vz ata-

The four stages of man are infancy, childhood, adolescence and
obsolescence.

ARrT LivkLETTER US writer and broadcaster.
Child's Garden of Misinformation

ADP abbreviation for adenosine diphosphate, the chemical prod-
uct formed in cells when ¢ATP breaks down to release energy.

adrenal gland or suprarenal gland triangular gland situated on
top of the tkidney. The adrenals are soft and yellow, and consist of
two parts: the cortex and medulla. The cortex (outer part) secretes
various steroid hormones and other hormones that control salt and
water metabolism and regulate the use of carbohydrates, proteins,
and fats. The medulla (inner part) secretes the hormones adrena-
line and noradrenaline which, during times of stress, cause the
heart to beat faster and harder, increase blood flow to the heart
and muscle cells, and dilate airways in the lungs. thereby deliver-
ing more oxygen to cells throughout the body and in general
preparing the body for ‘fight or flight’.

adrenaline or epinephrine hormone secreted by the medulla of
the ¢adrenal glands. Adrenaline is synthesized from a closely relat-
ed substance, noradrenaline, and the two hormones are released
into the bloodstream in situations of fear or stress.

Adrenaline’s action on the {liver raises blood-sugar levels by
stimulating glucose production and its action on adipose tissue
raises blood fatty-acid levels; it also increases the heart rate,
increases blood flow to muscles. reduces blood flow to the skin with
the production of sweat, widens the smaller breathing tubes (bron-
chioles) in the lungs, and dilates the pupils of the eyes.

adrenocorticotrophic hormone hormone secreted by the ante-
rior lobe of the ¢pituitary gland; see (ACTH.

ADSL (abbreviation for asymmetric digital subscriber loop)
standard for transmitting video data through existing copper tele-
phone wires. ADSL was developed by US telephone companies as a
way of competing with cable television companies in delivering
both TV and phone services. By 1996 it was developing into a pos-
sible alternative means for high-speed Internet access. ADSL is one
of several types of digital subscriber loops (DSLs) in progress.

adsorption taking up of a gas or liquid at the surface of another
substance, most commonly a solid (for example, activated charcoal
adsorbs gases). It involves molecular attraction at the surface, and
should be distinguished from ¢absorption (in which a uniform solu-
tion results from a gas or liquid being incorporated into the bulk
structure of a liquid or solid).

Advanced Earth Observing Satellite (ADEOS) Japanese
tremote sensing satellite launched August 1996. It gathers data on
climate change. the environment, and Earth and ocean processes.

ADEOS is carrying eight instruments: Ocean Color and
Temperamre Scanner (OCTS); Advanced Visible and Near-Infrared
(AVNIR), Interferometric Monitor for Greenhouse

lanla, wingspan 6 cm/2.5 in, is found worldwide in the northern
hemisphere. It either hibernates, or migrates south each year from
northern areas to subtropical zones.

Adobe US company specializing in graphics and desktop publish-
ing software. Founded in 1982 by former Xerox PARC researchers
John Warnock and Chuck Geschke, Adobe was the inventor of
OPostScript and is the publisher of pAcrobat and Pagemaker.
Adobe’s enduring contribution to the computer industry is that it
facilitated the use of computers to produce the fancy fonts without
which desktop publishing would not have been possible.

Adobe Type Manager in computing, program from Adobe that
manages fonts under Windows 3.1 and allows the printing and dis-
play of ¢PostScript fonts.

adolescence in the human life cycle, the period between the
beginning of puberty and adulthood.

Gases. lmproved Limb Atmospheric Spectrometer (ILAS),
Retroreflector in Space (RIS), Scatterometer (NSCAT), Total Ozone
Mapping Spectrometer (TOMS), and Polarization and Directionality
of the Earth's Reflectances (POLDER). NSCAT and TOMS are NASA
instruments and POLDER is French, the rest are Japanese.

advanced gas-cooled reactor (AGR) type of onuclear reactor
used in W Europe. The AGR uses a fuel of enriched uranium diox-
ide in stainless-steel cladding and a moderator of graphite. Carbon
dioxide gas is pumped through the reactor core to extract the heat
produced by the ofission of the uranium. The heat is transferred to
water in a steam generator, and the steam drives a turbogenerator
to produce electricity.

Advanced Technology Attachment Packet Interface in com-
puting. enhancement to integrated drive electronics (IDE), usually
abbreviated to (ATAPI.
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adventitious in botany, arising in an abnormal positien, as in
roots developing on the stem of a cutting or buds developing on
roots.

advertising in computing, practice of paying to place information
about a company’s services or products in front of consumers. The
earliest advertisers on the Net used to distribute their mformauan
as widely as possible in a practice quickly dubbed " . By
1996 the practice of advertising on the World Wide Web was
becoming commeonplace.

Much Web advertising is sold in the same way as advertising in
traditional media such as the print and broadcasting industries.
Advertisers pay 1o place a small graphic known as an ‘advertising
banner’ on a particular Web page in a spot (usually the top) where
users are expected to see it clearly and click on it to follow the link
to the advertiser’s own site for more information. More sophisti-
cated systems are under development which allow an advertising
agency 10 track users’ interests by watching which Web sites they
visit and using that information to choose banners to insert which
match those users' interests.

tion of snow, the operation of air-cushion vehicles (hovercraft),
wind loads on buildings and bridges, bird and insect flight, musical
wind instruments. and meteorology. For maximum efficiency, the
aim is usually 10 design the shape of an object to produce a stream-
lined flow. with a minimum of wrbulence in the moving air. The
behaviour of aerosols ar the pollution of the atmosphere by foreign
particles are ather aspects of aerodynamics.

aerogel light, transparent, highly porous material composed of
more than 90% air. Such materials are formed from silica, metal
oxides. and organic chemicals, and are produced by drying gels -
networks of linked malecules suspended in a liquid - so that air fills
the spaces previously occupied by the liquid. They are excellem
heat insulators and bave unusual optical. electrical. and acoustic
properties.

Aerogels were first produced by US scientist Samuel Kristler in
the early 1930s by drying silica gels at high temperatures and pres-
sures.

aeronautics science of travel through the Earth's atmosphere,
including aerodynamics, aircraft structures, jet and rocket propul-

The US-based research pany Jupiter C jons puts
the value of online advertising at $940 million for 1997, up from
$55 million in 1995. It is expected to reach $4.4 billion in 2000.

Aepyornis genus of large, extinct, flightless birds living in
Madagascar until a few thousand years ago. Some stood 3 m/10 ft
high and laid eggs with a volume of 43 1'9.5 gal. They had long.
thick legs. four-toed feet, and rudimentary wings.

aerated water water that has had air (oxygen) blown through it.
Such water supports aquatic life and prevents the growth of putre-
fying bacteria. Polluted waterways may be restored by artificial
aeration.

aerenchyma plant tissue with numerous air-filled spaces
between the cells. It occurs in the stems and roots af many aquat-
ic plants where it aids buoyancy and facilitates transport of oxygen
around the plant.

aerial or antenna in radio and television broadcasting, a conduct-
ing device that radiates or receues electromagnetic waves. The
design of an aerial depends principally on the length of the sig-
nal. Long waves thundreds of metres in “avelength] may employ
long wire aerials; short waves (several centimetres in wavelength)
may employ rods and dipoles; microwaves may also use dipoles -
often with reflectors arranged like a toast rack ~ or highly direction-
al parabolic dish aerials. Because microwaves travel in straight
lines, requiring line-of-sight communication, microwave aerials are
usually located at the tops of tall masts or towers.

aerial oxidation in chemistry, a reaction in which air is used to
oxidize another substance, as in the contact process for the manu-
facture of sulphuric acid:

250, - 0, & 250,
and in the souring of wine.

aerobic in biology. term used 1o describe those organisms that
require oxygen (usually dissolved in water) for the efficient release
of energy c ined in food lecules, such as glucose. They
include almost all organisms (plants as well as animals) with the
excepuon of certain bacteria. yeasts. and internal parasites.

Aerabic reactions occur inside every cell and lead to the forma-
tion of energy-rich JATP. subsequently used by the cell for driving
its metabolic processes. Oxygen is used to convert glucose to car-
bon dioxide and water, thereby releasing energy.

Most aerobic organisms die in the absence of oxygen. but certain
organisms and cells. such as those found in muscle tissue, can
function for short periods anaerobically (without oxygen).
OAnaerobic organisms can survive without oxygen.

aerodynamics branch of fluid physics that studies the forces
exerted by air or other gases in motion. Examples include the air-
flow around bodies moving at speed through the atmosphere (such
as land vehicles. bullets, rockets. and aircraft). the behaviour of gas
in engines and furnaces, air conditioning of buildings, the deposi-

sion. and aerial navigation.

In subsonic aeronautics (below the speed of sound), aerody-
namic forces increase at the rate of the square of the speed.

Transsonic aeronantics covers the speed range from just below
to just above the speed of sound and is crucial 10 aircraft design.
Ordinary sound waves move at about 1.225 kph/760 mph at sea
level, and air in front of an aircraft moving slower than this is
‘warned’ by the waves so that it can move aside. However, as the
flying speed approaches that of the sound waves, the warning is 00
late for the air 10 escape, and the aircraft pushes the air aside, cre-
ating shock waves, which absorb much power and create design
problems. On the ground the shock waves give rise
10 a {sonic boom. It was once thought that the speed of sound was
a speed limit to aircraft. and the term ¢{sound barrier came
into use.

Snpersonic aeronantics concerns speeds above that of sound
and in one sense may be considered a much older study than aero-
nautics itself, since the study of the flight of bullets, known as
¢hallistics, was undertaken soon after the introduction of firearms.
Hypersonics is the study of airflaws and forces at speeds above five
times that of sound (Mach 5); for example. for guided missiles.
space rockets, and advanced concepts such as $HOTOL (horizontal
takeoff and landing). Far all flight speeds streamlining is necessary
to reduce the effects of air resistance.

Aeronautics is distinguished from astronautics. which is the sci-
ence of travel through space. Astronavigation (navigation by refer-
ence 10 the stars) is used in aircraft as well as in ships and is a part
of aeronautics.

aeroplane (US airplane) powered heavier-than-air craft sup-
ported in flight by fixed wings. Aeroplanes are propelled by the
!hrust nf a jet engine or airscrew (pmpe[]er) They must be
gned aerody ically, since stri ing ensures maximum
flight efficiency. The “nghl brothers flew the first powered plane
(a biplane) in Kitty Hawk. North Carolina. USA in 1903. For the his-
tory of aircraft and aviation, see ¢flight.
design Efficient streamlining prevents the formation of sheck
waves over the body surface and wings. which would cause insta-
bility and power loss. The wing of an aeroplane has the cross-sec-
tional shape of an aerofoil, being broad and curved at the front. flat
underneath (sometimes slightly curved), curved on top, and
tapered to a sharp poimt at the rear. It is so shaped that air passing
above it is speeded up. reducing pressure below atmespheric pres-
sure and air passing below it is slower thus increasing pressure
and providing a double effect. This follows from ;Bernoulli’s prin-
ciple and results in a force acting vertically upwards. called lift,
which counters the plane’s weight. [n level flight ift equals weight.
The wings develop sufficient it to support the plane when they
move quickly through the air. The thrust that causes propulsion
comes from the reaction to the air stream accelerated backwards
by the propeller or the gases shooting backwards from the jet
exhaust. In flight the engine thrust must overcome the air resis-
tance, or ¢drag. Drag depends on frontal area (for example, large,
airliner: small. fighter plane) and shape (drag coefficient): in level
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aeroplane In flight, the forces on an aeroplane are lift, weight, drag, and thrust. The lift is generated by the air flow over the wings, which
have the shape of an aerofoil. The engine provides the thrust. The drag results from the resistance of the air to the aeroplane’s passage
through it. Various moveable flaps on the wings and tail allow the aeroplane to be controlled. The rudder is moved to turn the aeroplane.
The elevators allow the craft to climb or dive. The ailerons are used to bank the aeroplane while turning. The flaps, slats, and spoilers are

used to reduce lift and speed during landing.

flight, drag equals thrust. The drag is reduced by streamlining the
plane, resulting in higher speed and reduced fuel consumption for
a given power. Less fuel need be carried for a given distance of
travel, so a larger payload (cargo or passengers) can be carried.

aerosol particles of liquid or solid suspended in a gas. Fog is a
common natural example. Aerosol cans contain a substance such
as scent or cleaner packed under pressure with a device for releas-
ing it as a fine spray. Most aerosols nsed chlorofluorocarbons
{CFCs} as propellants until these were found to cause destruction of
the pozone layer in the stratosphere.

The international community has agreed to phase out the use of
CFCs, but most so-called ‘ozone-friendly’ aerosols also use ozone-
depleting chemicals, although they are not as destructive as CFCs.
Some of the products sprayed, such as pesticides, can be directly
toxic to humans.

aestivation in zoology, a state of inactivity and reduced metabol-
ic activity, similar to phibernation, that occurs during the dry sea-
son in species such as lungfish and snails. In botany, the term is
used to describe the way in which flower petals and sepals are fold-
ed in the bnds. 1t is an important feature in ¢plant classification.

aether alternative form of dether, the hypothetical medium once
believed to permeate all of space.

AFD abbreviation for accelerated freeze drying, a common
method of food preservation. See pfood technology.

affine geometry geometry that preserves parallelism and the
ratios between intervals on any line segment.

affinity in chemistry, the force of attraction (see pbond) between
atoms that helps to keep them in combination in a molecule. The

plunger

e
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spring
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aerosol The aerosol can produces a fine spray of liquid particles,
called an aerosel. When the top button is pressed, a valve is
opened, allowing the pressurized propellant in the can to force out
a spray of the liquid contents. As the liquid sprays from the can, the
small amount of propellant disselved in the liquid vaporizes,
producing a fine spray of small droplets.
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term is also applied to attraction between molecules, such as those
of biochemical significance (for example, between ¢enzymes and
substrate molecules). This is the basis for affinity ¢chromat-ogra-
phy. by which biol lly impertant compounds are separated.

The atoms of a given element may have a greater affinity for the
atoms of one element than for another (for example, hydrogen has a
great affinity for chlorine, with which it easily and rapidly combines
to form hydrochloric acid, but has little or no affinity for argon).

afforestation planting of trees in areas that have not previously
held forests. (Reafforestation is the planting of trees in deforested
areas.) Trees may be planted (1) to provide timber and wood pulp;
{2) to provide firewood in countries where this is an energy source;
(3) to bind soil together and prevent soil erosion: and (4) to act as
windbreaks.

Afforestation is a controversial issue because while many
ancient woodlands of mixed trees are being lost, the new planta-
tions consist almost exclusively of conifers. 1t is claimed that such
plantations acidify the soil and conflict with the interests of
Obiodiversity (they replace more ancient and ecologically valuable
species and do not sustain wildlife).

Afghan hound breed of fast hunting dog resembling the $saluki
in build, though slightly smaller.

African palm squirrel smallish rodent Epirerus ebii living in
dense tropical rainforest in western Africa and little known, having
seldom been seen alive. The species has probably always heen
quite scarce, but is now threatened by rainforest destruction over
a large part of its range.

African violet herbaceous plant from tropical central and E
Africa, with velvety green leaves and scentless purple flowers.
Different colours and double-flowered varieties have been bred.
(Saintpaulia ionantha, family Gesneriaceae.)

afterbirth in mammals, the placenta, umbilical cord, and rup-
tured membranes, which become detached from the uterus and
expelled soon after birth.

afterburning method of increasing the thrust of a gas turbine
(jet) aeroplane engine by spraying additional fuel into the hot
exhaust duct hetween the turbojet and the tailpipe wbere it ignites.
Used for short-term increase of power during takeoff, or during
combat in military aircraft.

afterimage persistence of an image on the retina of the eye after
the object producing it has been removed. This leads to persistence
of vision, a necessary phenomenon for the illusion of continuous
movement in films and television. The term is also used for the per-
sistence of sensations other than vision.

after-ripening process undergone by the seeds of some plants
before germination can occur. The length of the after-ripening peri-
od in different species may vary from a few weeks to many moaths.

It helps seeds to germinate at a time when conditions are most
favourable for growth. In some cases the embryo is not fully
mature at the time of dispersal and must develop further before
germination can take place. Other seeds do not germinate even
when the embryo is mature, probably owing to growth inhibitors
within the seed that must be leached out or hroken down before
germination can begin.

agama small central African lizard. It lives in groups of up to 25
in tropical forest and feeds mainly on insects.

classification The agama Agama agama is in the Old World fam-
ily Agamidae, order Squamata.

agamid lizard in the family Agamidae, containing about 300
species.

Agamids include the common (agama: the Australian frilled
lizard Chlamydosaurus, which runs on its hind legs and has a frill
on each side of its neck: the thorny devil Moloch horridus. whose
body is covered with large spikes; and the Malaysia flying dragon
Draco volans.
classification Agamids are in family Agamidae, suborder Sauria,
order Squamata, class Reptilia.

agar jellylike carbohydrate, ohtained from seaweeds. 1t is used
mainly in microhiological experiments as a culture medium for
growing bacteria and other microorganisms. The agar is resistant
to breakdown by microorganisms, remaining a solid jelly through-
out the course of the experiment.

agaric any of a group of fungi (see Hfungus) of typical mushroom
shape. Agarics include the field mushroom Agaricus campestris
and the cultivated edible mushroom A. brunnesiens. Closely relat-
ed is the often poi / ita, ywhich includes the fly agaric A.
muscaria. (Genus Agaricus, family Agaricaceae.)

agate cryptocrystalline (with crystals too small to be seen with
an optical microscope) silica, $i0, composed of cloudy and band-
ed dchalcedony, sometimes mixed with Sopal, that forms in rock
cavities.

Agate stones, being hard. are also used to burnish and pelish
gold applied to glass and ceramics and as clean vessels for grind-
ing rock samples in laboratories.

agave any of several related plants with stiff, sword-shaped,
spiny leaves arranged in a rosette. All species come from the
warmer parts of the New World. They include Agare sisalina,
whose fibres are used for rope making, and the Mexican century
plant A. americana, which may take many years to mature (hence
its common name). Alcoholic drinks such as tequila and pulque are
made from the sap of agave plants. (Genus Agore, family
Agavaceae.)

ageing in common usage. the period of deterioration of the phys-
ical condition of a living organism that leads to death; in biological
terms, the entire life process.

Three current theories attempt to account for ageing. The first
suggests that the process is genetically determined, to remove indi-
viduals that can no longer reproduce. The second suggests that it
is due to the accumulation of mistakes during the replication of
5DNA at cell division. The third suggests that it is actively induced
by fragments of DNA that move between cells, or by cancer-caus-
ing viruses: these may become abundant in old cells and induce
them to produce unwanted {proteins or interfere with the control
functions of their DNA.

agent software that mimics intelligence by automating tasks
according to user-defined rules. The most visible agent on the
Internet in 1995 was Firefly, which recommends music that users
might like based on information they have already given about
their favourite artists. Agents might also select news stories of

agama During the breeding season male agamids usually develop
bright colours, especially on the head. The male of this Agama
atricollis, 2 widespread species in the savannas of S and E Africa, is
able to fade out his conspicuous blue hues and change to a
camouflage brown coloration within a minute or two of sensing
danger. Premaphotos Wildlife
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agave Agaves are desert plants from the New World. They normally
flower once when they reach maturity -~ which in some species may
take as long as 60 years — and then die. Fibres such as sisal can be
produced from some species, and the alcoholic drink tequila is made
from others. Premaphotos Wildlife

interest, arrange scheduling with other agents, and filter out
unwanted junk e-mail.

Much research on agents is proceeding at the OMIT Media Lab,
where Professor Pattie Maes directs the group studying the capabil-
ity and potential of autonomous agents. See also Hcrawler and Hbot.

Agent Orange selective gweedkiller, notorions for its use in the
1960s during the Vietnam War by US forces to eliminate ground
cover which conld protect enemy forces. It was subsequently dis-
covered 1o contain highly poisonous pdioxin. Thousands of US
troops who had handled it, along with many Vietnamese people
who came into contact with it, later developed cancer or produced
deformed babies.

Agent Orange, named after the distinctive orange stripe on its
packaging, combines equal parts of 2,4-D (2,4-dichlorophenoxy-
acetic acid) and 2,4,5-T (2,4,5-trichlorophenoxyacetic acid), both
now banned in the USA. Companies that had mannfactured the
chemicals faced an increasing number of lawsnits in the 1970s. All
the suits were settled out of conrt in a single class action, resulting
in the largest ever payment of its kind ($180 million) to claimants.

age-sex graph graph of the population of an area showing age
and sex distribution.

aggression in biology, behaviour used to intimidate or injure
another organism (of the same or of a different species), usually for
the purposes of gaining territory, a mate, or food. Aggression often
involves an escalating series of threats aimed at intimidating an
opponent without having to engage in potentially dangerous phys-
ical contact. Aggressive signals include roaring by red deer,
snarling by dogs, the fluffing-up of feathers by birds, and the rais-
ing of fins by some species of fish.

agonist in biology, a 9muscle that contracts and causes a move-
ment. Contraction of an agonist is complemented by relaxation of
its pantagonist. For example, the biceps (in the front of the npper
arm) bends the elbow whilst the triceps (lying behind the biceps)
straightens the arm.

agoraphobia pphobia involving fear of open spaces and public
places. The anxiety produced can be so severe that some sufferers
are unable to leave their homes for many years.

Agoraphobia affects 1 person in 20 at some stage in their lives.
The most common time of onset is between the ages of 18 and 28.

agouti small rodent of the genus Dasyprocta, family
Dasyproctidae. 1t is found in the forests of Central and South
America. The agouti is herbivorouns, swift-running, and about the
size of a rabbit.

AGR abbreviation for dadvanced gas-cooled reactor, a type of
nuclear reactor.

agribusiness commercial farming on an industrial scale, often
financed by companies whose main interests lie outside agricul-
ture; for example, multinational corporations. Agribusiness farms
are mechanized, large in size, highly structured, and reliant on
chemicals.

agriculture Latin ager ‘field’, colere “to cultivate’ the practice of
farming, including the cultivation of the soil (for raising crops) and
the raising of domesticated animals. The units for managing agri-
cultural production vary from smallholdings and individually
owned farms to corporate-run farms and collective farms run by
entire communities.

Crops are for human or animal food, or commodities such as
cotton and sisal. For successful production, the land must be pre-
pared (ploughed, cultivated, harrowed, and rolled). Seed must be
planted and the growing plants nurtured. This may involve
ofertilizers, pirrigation, pest control by chemicals, and monitoring
of acidity or nutrients. When the crop has grown, it must be har-
vested and, depending on the crop, processed in a variety of ways
before it is stored or sold.

Greenhouses allow cultivation of plants that would otherwise
find the climate too harsh. Hydroponics allows commercial culti-
vation of crops using nutrient-enriched solutions instead of soil.
Special methads, such as terracing, may be adopted to allow culti-
vation in hostile terrain and to retain topsoil in mountainous areas
with heavy rainfall.

Animals are raised for wool, milk, leather, dung (as fuel), or
meat. They may be semidomesticated, such as reindeer, or fully
domesticated but nomadic (where naturally growing or cultivated
food supplies are sparse), or kept in one location. Animal farming
involves accommodation (buildings, fencing, or pasture), feeding,
breeding, gathering the produce (eggs, milk, or woal), slaughter-
ing. and further processing such as tanning.

agrimony herbaceous plant belonging to the rose family, with
small yellow flowers on a slender spike. It grows along hedges and
in fields. (Agrimonia eupatoria, family Rosaceae.)

agronomy study of crops and seils, a branch of agricultural sci-
ence. Agronomy includes such topics as selective breeding (of
plants and animals), irrigation, pest control, and seil analysis and
modification.

Al abbreviation for partificial intelligence.

Aichi Japanese aircraft of World War 11, principally used by the
navy.

The B7A, known to the Allies as ‘Grace’, was a torpedo-bomber
produced in small numbers. The D3A, known as 'Val', was a carri-
er dive bomber of great strength and efficiency; it was the princi-
pal dive bomber used at Pear] Harbor Dec 1941, and sank numer-
ons Allied warships throughout the war. The E13A, "Jake’, was a
floatplane used for reconnaissance; it was used in this role to pre-
pare the way for the Pearl Harbor raid, and was carried by almost
all Japanese warships.

AIDS acronym for acquired immune deficiency syndrome, the
gravest of the sexually transmitted diseases, or OSTDs. It is caused
by the hnman immunodeficiency virus (OHIV), now known to be a
pretrovirus, an organism first identified in 1983. HIV is transmitted
in body fluids, mainly blood and genital secretions.

diagnosis of AIDS The effect of the virus in those who become ill
is the devastation of the immune system, leaving the victim sus-

AIDS AND HIV INFORMATION

http://www.thebody.con/

AIDS/HIV site offering safe sex and AIDS prevention advice,
information about treatments and testing, and health/nutritional
guidance for those who have contracted the disease.




AIDS

16

Agriculture: chronology

10000- Holocene (post-glacial) peniod of hunters and gatherers.

8000 BC Harvesting and storage of wild grains in southwest Asia.
Herding of reindeer in northem Eurasia. Domestic sheep in
northem lraq

8000 Neolithic revolution with cultivation of domesticated wheats
and barleys, sheep, and goats in southwest Asia.
Domestication of pigs in New Guinea.

7000- Domestic goats, sheep, and cattle in Anatolia, Greece, Persia,

6000 and the Caspian basin. Planting and harvesting techniques
transferred from Asia Minor to Europe.

5000 Beginning of Nile valley civilization. Millet cultivated in China.

3400 Flax used for textiles in Egypt. Widespread com production in
the Americas.

3200 Records of ploughing, raking, and manuring by Egyptians.

c. 3100 River Nile dammed during the rule of King Menes.

3000 First record of asses used as beasts of burden in Egypt.
Sumerian civilization used barley as main crop with wheat,
dates, flax, apples, plums, and grapes.

2900 Domestication of pigs in eastem Asia.

2640 Reputed start of Chinese silk industry.

2500 Domestic elephants in the Indus vailey. Potatoes a staple crop
in Peru.

2350 Wine-making in Egypt.

2950 First known imigation dam.

1600 Important advances in the cultivation of vines and olives in
Crete

1500 Shadoof (mechanism for raising water) used for imgation in
Egypt.

1400 fron ploughshares in use in India.

1300 Aqueducts and reservoirs used for imigation in Egypt.

1200 Domestic camels in Arabia.

1000-500 Evidence of crop rotation, manuring, and imigation in India.

600 First windmills used for com grinding in Persia.

350 Rice cultvation well established in parts of westem Africa
Hunting and gathering in the east, central, and south parts of
the continent.

€. 200 Use of gears to create ox-driven water wheel for irrigation.
Archimedes screw used for imigation.

100 Cattle-drawn iron ploughs in use in China.

AD 65 De Re Rustica’On Rural Things, Latin treatise on agriculture and
imgation.

500 ‘Three fields in two years' rotation used in China.

630 Cotton introduced into Arabia.

800 Origins of the ‘open field" system in northem Europe.

900 Wheeled ploughs in use in westem Europe. Horse collar,

originating in China, allowed horses to be used for ploughing
as well as carrying.

1000 Frisians (NW Netherlanders) began to build dykes and reclaim
fand. Chinese began to introduce Champa rice which
cropped much more quickly than other varieties.

11th Three-field system replaced the two-field system in westem
century Europe. Concentration on crop growing.

1126 First artesian wells, at Artois, France.

12th Increasing use of water mills and windmills. Horses replaced
century oxen for pulling work in many areas.

12th-14th  Expansion of European population brought more land into

centuries  cultivation. Crop rotations, manuring, and new crops such as
beans and peas helped increase productivity. Feudal system
at its height.

13th-14th  Agricultural recession in westem Europe with a series of bad

centuries  harvests, famines, and pestilence.

1347 Black Death killed about a third of the European population.

16th Decline of the feudal system in westem Europe. More

century specialist forms of production were now possible with urban
markets. Manorial estates and serfdomn remained in eastem
Europe. Chinese began cultivation of non-indigenous crops
such as com, sweet potatoes, potatoes, and peanuts.

17th Potato introduced into Europe. Norfolk crop rotation became

century widespread in England, involving wheat, turnips, barley and
then ryegrass/clover.

1700-1845 Agricultural revolution began in England. Two million hectares
of farmland in England enclosed. Remaoval of open fields in
other parts of Europe followed.

c. 1701 Jethro Tull developed the seed drill and the horse-drawn
hoe.

1747 First sugar extracted from sugar beet in Prussia.

1762 Veterinary school founded in Lyon, france.

1783 First plough factory in England.

1785 Cast-iron ploughshare patented.

1793 Invention of the cotton gin.

1800 Early threshing machines developed in England.

1820s First nitrates for fertilizer imported from South America.

1830 Reaping machines developed in Scotland and the US. Steel
plough made by John Deere inlllinois, US.

1840s Extensive potato blight in Europe.

1850s Use of clay pipes for drainage weli established throughout
Europe.

1862 First steam plough used in the Netherlands.

1850- Major developments in transport and refrigeration technology

1890s altered the nature of agricultural markets with crops, dairy
products, and wheat being shipped intemationalfy.

1890s Development of stationary engines for ploughing.

1892 First petrol-driven tractor in the USA.

1921 First attempt at crop dusting with pesticides from an
aeroplane near Dayton, Ohio, US.

1938 First self-propelled grain combine harvester used in the USA.

1942-62 Huge increase in the use of pesticides, later curbed by
disquiet about their effects and increasing resistance of pests
to standard controls such as DDT.

1945 Increasing use of scientific techniques, crop specialization

onwards  and larger scale of farm enterprises.

1985 first cases of bovine spongiform encephalopathy (BSE)
recorded by UK vets.

1992 Number of cases of BSE in cattle was at its peak (700 cases
per week).

1995 Increase in the use of genetic engineering with nearly 3,000
transgenic crops being field-tested.

1996 Organic farming was on the increase in EU countries. The rise

was 11% per year in Britain, 50% in Germany, and 40% in [taly.

ceptible to diseases that wauld not otherwise develap. Diagnosis of
AIDS is based on the appearance of rare tumours or opportunistic
infectians in unexpected candidates. Pneumocystis carinii pneumo-
nia, for instance, normally seen only in the malnourished or those
whase immune systems have been deliberately suppressed, is com-
mon among AIDS victims and, for them, a leading cause of death.

treatment In the West the time-lag between infection with HIV
and the development of AIDS seems ta be about ten years, but pro-
gression is far mare rapid in developing countries. Some AIDS vic-
tims die within a few months of the autbreak of symptoms, some
survive for several years; raughly 50% are dead within three years.
There is no cure for the disease and the four antivirals currently in
use against AIDS have not lived up to expectations. Trials began in

1994 using a new AIDS drug called 3TC in conjunction with
pzidovudine (formerly $AZT). Although individually the drugs pro-
duce little effect, when the drugs were used together in 1995, the
levels of virus in the blood were ten times lower than at the begin-
ning of the trial. Treatment of opportunistic infections extended the
average length of survival with AIDS (in Western countries) from
about 11 months in 1985 to 23 months in 1994.

HIV/AIDS - worldwide statistics Allowing for under-diagnesis,
incomplete reparting, and reporting delay, and based on the avail-
able data on HIV infections around the world, it is estimated (1997)
that approximately 8.4 million AIDS cases in adults and children
have occurred warldwide since the pandemic began. WHO estimate
that of these cases, which include active AIDS cases and people
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The global count of people infected with the human
immunodeficiency virus (HIV) continues to increase at an alarming
rate. Despite some notable successes with health education
campaigns, millions are infected, with the worst infection rates
being in the developing world. Nevertheless, there are signs that
the enormous scientific effort that has been mobilized against the
disease is now paying dividends. Current drug regimes are able to
prolong life and are even allowing scientists to debate the
prospect of cure.

When HIV enters the body, the main cell type infected is the
CD4+ Tlymphocyte, a circulating white cell that plays animportant
role in controlling immune responses. In addition, the virus can
enter a variety of other cell types that have the CD4 molecule on
their surface. The net resuit of infection is a relentless fall in the
number of CD4+ T cells and a gradual dismantling of the immune
system’s ability to fight off infectious agents such as bacteria,
fungi, and other viruses. This process leaves patients very
susceptible to a wide variety of infections, many of which are
virtually never seen in people with a normally functioning immune
system. One important advance in the last few years has been the
use of molecular assays to measure the amount of virus in the
blood of infected patients. This procedure is valuable in predicting
how rapidly they are likely to progress to an advanced state of the
disease.

Early treatment

The initial successes in the drug treatment of HIV infection were
with agents that could treat or prevent the infectious
complications of the disease. These drugs remain very valuable but
do not have any activity against HIV itself. The first drug with
proven activity against HIV was zidovudine (AZT). Zidovudine
resembles one of the building blocks of DNA, and when HIV
undergoes replication, zidovudine can bind to an essential HIV
enzyme and prevent the virus from completing its life cycle.
Zidovudine can improve the symptoms of HIV infection, is valuable
in asymptomatic patients with low CD4+ lymphocyte counts, and
is effective at reducing the rate of transmission of HIV from
pregnant women to their babies. However, when zidovudine is
used alone, the virus is usually able to escape from the effects of
zidovudine by mutating its DNA sequence. There is now an
increasing appreciation of the need to use zidovudine in
combination with some of the new antiviral drugs.

New developments

At the moment, probably the most exciting class of drugs that
inhibit HIV replication is the protease inhibitors. When HIV
replicates inside a cell it has to make a copy of its DNA, and then
this genetic message is decoded into a protein. Some HIV proteins
need to be broken down into smaller pieces in order to function,
and this is done by a protease molecule. Normal function of the
HIV protease appears to be vital for efficient replication of the
virus, and over the last few years researchers have spent a great
deal of effort in developing drugs that can block its function.

AIDS - Recent Developments

At least four protease inhibitors have been tried in clinical
practice: saquinavir, ritonavir, nelfinavir, and indinavir. Ali have
slightly different properties and different side effects. In clinical
trials, these drugs have demonstrated a spectacular ability to
reduce the amount of virusin the body. Sensitive molecular assays
such as the polymerase chain reaction (PCR) have shown that the
amount of HIV in blood can be reduced by over a thousandfold
and sometimes may reach undetectable levels. Although effective
on their own, most of the current drive in HIV therapeutics is to use
these agents in combination with other anti-HIV agents. Typically
this would include zidovudine, a protease inhibitor, and another
agent such as didanosine. In a recent trial this combination led to
the virus being undetectable in 60 % of patients after 24 weeks of
treatment. A very encouraging observation with protease
inhibitors is that they can be used at a very advanced state of the
disease. It seems that the drugs should be used at quite large doses,
to avoid the development of a resistant virus, and unfortunately
they do have several side effects. Although most of these effects
are not serious, many patients are unable to tolerate a particular
drug combination; in these cases a change to another combination
is indicated.

The role of combination therapy

The exact role of combination therapy in the overall
management of HIV infection is a subject of considerable debate
at present. In an attempt to achieve consensus, a panel of the
International AIDS Society-USA met in 1996. After results from
many clinical trials, the group suggested that combination
therapy was now the treatment of choice. It remains unclear,
however, whether or not protease inhibitors should be used with
all patients or just those at particular risk of rapid progression to
full-blown AIDS based on measurement of the amount of HIV in
their blood. Patients with symptoms should be offered
treatment, but for those who are asymptomatic the situation is
less clear and the decision will be based on the CD4+ count and
the viral load in the blood. There are relatively little data to
recommend how to treat patients who have been infected in the
last month or two and are suffering from the typical symptoms of
acute infection: fever, swollen lymph nodes, and headaches. As
this is a time of intense viral replication, there is a theoretical
advantage in using the strongest available treatment to limit the
initial multiplication of the virus. This may also reduce the chance
of the virus making mutations that would allow it to resist drug
treatment.

The last few years have seen valuable advances in the treatment
of HIV infection. Severa! powerful drugs are now available and are
being tested in trials around the world. The human
immunodeficiency virus has an astounding ability to mutate itself
in order to evade drugs, and there are likely to be setbacks ahead.
It is too soon to say whether or not some patients may be offered
the prospect of complete cure. Nevertheless, many AIDS
researchers are hoping that they can now maintain the upper
hand in the battle against this formidable virus.

who have died of AIDS, nat HIV infections, more than 70% were in
Africa, with about 9% in the USA, 9% in the rest of the Americas,
6% in Asia, and 4% in Europe. Of the total number of AIDS cases
reported, 39% were in the USA, 34% in Africa, 20% in Asia, 12.5%
in Europe, and 12% in the Americas.

Estimates released by WHO in Nov 1996 and Jan 1997 revealed
that 22.6 million men, women, and children had been infected by
HIV. Of these, 21.8 million were adults and 830,000 children.
Approximately 42% of adult sufferers were female, with the pro-
portion of women infected by HIV/AIDS steadily increasing. The
majority of newly infected adults were under 25 years of age. WHO

estimated that by the year 2000 30—40 million people would have
been infected by the virus. The United Nations AIDS programme
{UNAIDS) concluded in 1997 that the world total number of HIV
infections was just under 30 million.

sub-Saharan Africa The worst affected area is sub-Saharan Africa.
where the United Nations AIDS programme (UNAIDS) estimated
that 20 million people had been infected. About two-thirds of this
total were in east and central Africa, an area that accounts for only
about one-sixth of the total population of the sub-Saharan region
In Kenya, Malawi, Rwanda, Uganda, Tanzania, Zambia, and
Zimbabwe, surveys showed that over 10% of women attending



AILANTHUS

18

antenatal clinics in urban areas were HiV-infected, with rates
exceeding 40% in some surveillance sites. The number of AIDS cases
in Africa has also continued to increase. An estimated 5 million peo-
ple in sub-Saharan Africa have developed AIDS.

S and SE Asia The most alarming trends of HIV infection are in
south and southeast Asia, where the epidemic is spreading as fast
as it was a decade ago in sub-Saharan Africa. The majority of the
6 million HIV infections estimated to have occurred in adults
in these regions (1997) appeared in India, Thailand, and Myanmar
(Burma), but high rates of HIV spread have been seen elsewhere
t0o.

Latin America and the Caribbean WHO estimated (1996) that about
1.6 million HIV infections had occurred in Latin America and the
Caribbean since the epidemic began. In these regions epidemics are
increasingly occurring among women and adolescents. The future
course of the epidemic in the region depends greatly on the rate at
which the virus spreads in Brazil, which has more AIDS cases than
any other country outside Africa and the USA.

Middle East and north Africa About 200,000 HIV infections were
estimated to have occurred so far in the Middle East and north
Africa (1996). These figures are of particular concern because other
factors — the presence of other sexually transmitted diseases and
intravenous drug use, for example — suggest that there is an
increased exposure to the risk of HIV infection.

E Europe and central Asia It was estimated (1996) that over 50,000
adults in eastern Europe and central Asia had been infected with
HIV. HIV is spreading in these regions — sometimes quite rapidly - to
communities and countries that were hardly affected by the epi-
demic only a few years ago. Ukraine recently reported a substantial
increase in newly infected drug users in cities bordering the Black
Sea. The Russian Federation may experience a similar progression.
North America In 1993 AIDS for the first time became the USA's
leading cause of death among all people aged between 25 and 44. By
Nov 1996, 565,097 cumulative AIDS cases had been reported in the
USA. tHowever, in 1996 the AIDS death rate in the USA fell from 15.6
per 100,000 people to 11.6 (26%, which was the first decline in the
15 years since the pandemic had began. In 1996 AIDS was no longer
the main killer of adults between the ages of 25 to 44 but it remained
so for African Americans in that age group. Although the overall
number of new HIV infections in the USA has decreased, results
from several studies suggest that the HIV epidemic has now spread
to a new generation of homosexual and bisexual men. In Jan 1997,
AIDS experts reported a 30% drop in AIDS deaths in New York. The
actual count fell from 7,046 to 4,944. The researchers said this was
as a result of improved treatments and better access to care. An esti-
mated 860,000 adults in North America were living with HIV infec-
tion at the end of 1997.

W Europe The United Nations AIDS programme (UNAIDS) estimat-
ed in 1997 that 150,000 HIV infections had occurred in western
Europe. As of mid-1996, 167,021 AIDS cases had been reported
throughout the European Union (EU). The highest rate of reported
A\IDS cases within the EU was in Spain. lnformauon from lhe Ul\

native to E Asia, is grown worldwide as an ornamental; it can grow
to 30 m/100 ft in height and the trunk can reach 1 m/3 ft in diame-
ter. (Genus Ailanthus, family Simaroubaceae.)

air the mixture of gases making up the Earth's gatmosphere.

airbrush small fine spray-gun used by artists, graphic designers,
and photographic retouchers. Driven by air pressure from a com-
pressor or pressurized can, it can apply a thin, very even layer of ink
or paint, allowing for subtle gradations of tone.

air conditioning system that controls the state of the air inside a
building or vehicle. A complete air-conditioning unit controls the
temperature and humidity of the air, removes dust and odours from
it, and circulates it by means of a fan. US inventor Willis Haviland
Carrier (1876-1950) developed the first effective air-conditioning
unit in 1902 for a New York printing plant.

The air in an air conditioner is cooled by a type of jrefrigeration
unit comprising a compressor and a condenser. The air is cleaned by
means of filters and activated charcoal. Moisture is extracted by con-
densation on cool metal plates. The air can also be heated by elec-
trical wires or, in large systems, pipes carrying hot water or steam;
and cool, dry air may be humidified by circulating it over pans of
water or through a water spray.

The first air conditioners were used in 19th century textile mills,
where a fine water spray was used to cool and humidify the atmos-
phere.

A specialized air-conditioning system is installed in spacecraft as
part of the life-support system. This includes the provision of oxygen
to breathe and the removal of exhaled carbon dioxide.

Outdoor spaces may also be cooled using overhead cool air jets.

aircraft any aeronautical vehicle capable of flying through the air.
It may be lighter than air (supported by buoyancy) or heavier than
air (supported by the dynamic action of air on its surfaces).
¢Balloons and (airships are lighter-than-air craft. Heavier-than-air
craft include the daeroplane, glider, autogiro, and helicopter.

air-cushion vehicle (ACV) craft that is supported by a layer, or
cushion, of high-pressure air. The phovercraft is one form of ACV.

Airedale terrier breed of large terrier, about 60 cm/24 in tall, with
a wiry red-brown coat and black saddle patch. It originated about
1850 in England, as a cross between the otterhound and Irish and
Welsh terriers.

airlock airtight chamber that allows people to pass between areas
of different pressure; also an air bubble in a pipe that impedes fluid
flow. An airlock may connect an environment at ordinary pressure
and an environment that has high air pressure (such as a submerged
caisson used for tunnelling or building dams or bridge foundations).

An airlock may also permit someone wearing breathing appara-
tus to pass into an airless environment (into water from a sub-
merged submarine or into the vacuum of space from a spacecraft).

di that the declining trend in le-t

observed in the late 1980s may have begun to reverse as early as
1990.
E Asia and the Pacific WHO estimated that by the end of 1996 over
113,000 HIV infections had occurred in east Asia and the Pacific. An
estimated 15,100 AIDS cases had occurred in these regions, 11,700
of these in Australia and New Zealand. There was evidence that HIV
infection rates had reached a plateau in Australia and were declin-
ing in New Zealand. However, an HIV epidemic recently developed
in Papua New Guinea. By the end of 1994, this island of about ¢ mil-
lion people had an estimated 4,000 adults living with HIV, overtak-
ing Australia as the country with the highest number of HIV cases
per head of population in the Pacific region.

The cumulative direct and indirect costs of HIV and AIDS in the
1980s have been conservatively estimated at $240 billion. The glob-
al cost - direct and indirect - of HIV and AIDS by the year 2000 could
be as high as $500 billion a year - equivalent to more than 2% of
global GDP.

ailanthus any of several trees or shrubs with compound leaves
made up of pointed leaflets and clusters of small greenish flowers
with an unpleasant smell. The tree of heaven (Ailanthus altissima),

air p ges in biology, the nose, pharynx, larynx, trachea, and
bronchi. When a breath is taken, air passes through high narrow
passages on each side of the nose where it is warmed and moistened
and particles of dust are removed. Food and air passages meet and
cross in the pharynx. The larynx lies in front of the lower part of the
pharynx and it is the organ where the voice is produced using the
vocal cords. The air passes the glottis (the opening between the vocal
cords) and enters the trachea. The trachea leads into the chest and
divides above the heart into two bronchi. The bronchi carry the air
to the lungs and they subdivide to form a succession of fine tubes
and, eventually, a network of capillaries that allow the exchange of
gases between the inspired air and the blood.

air pollution contamination of the atmosphere caused by the dis-
charge, accidental or deliberate, of a wide range of toxic airborne
substances. Often the amount of the released substance is relatively
high in a certain locality, so the harmful effects become more notice-
able. The cost of preventing any discharge of polintants into the air
is prohibitive, so attempts are more usually made to reduce the
amount of discharge gradually and to disperse it as quickly as pos-
sible by using a very tall chimney, or by intermittent release.
Possibly the world's worst ever human-made air pollution disas-
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Air pollution: major pollutants

poliant sources effects
sulphur dioxide SOy oil, coal combustion in power stations acid rain formed, which damages plants, trees, buildings,
and lakes
oxides of nirogen NO, NO, high-temperature combustion in cars, and to some extent  acid rain formed
power stations
lead compounds from leaded petrol used by cars nerve poison
carbon dioxide CO, oil, coal, petrol, diesel combuston greenhouse effect
carbon monoxde CO limited combustion of oil, coal, petrol, diesel fuels poisonous, keads to photochemical smog in some areas
nuciear waste nuclear powver plants, nuclear weapon testing, war radioactivity, contamination of locality, cancers, mutatons,

death

ter occurred in Indonesia in September 1997. It was caused by for-
est clearance fires. Smoke pollution in the city of Palangkaraya
reached 7.5 mg per cu m (nearly 3 mg more than in the London
smog of 1952 in which 4,000 people died). The pollutants spread to
Malaysia and other countries of the region.

The 1997 Kyoto protocol commits the industrialized nations of the
world to cutting their levels of harmful gas emissions to 5.2% by
2012. Europe is expected to take the biggest cut of 8%, the USA 7%,
and Japan 6%. The agreement covers Russia and Eastern Europe as
well.

http://www.open.gov.uk/doh/hef/
airpol/airpolh.htm

Comprehensive report on the state of Britain's air from the Ministry
of Health. There is a large amount of textual and statistical
information on all aspects of air pollution, description of improved
warning and detection measures, and details of how the general
public may access advice and information.

air sac in birds, a thin-walled extension of the lungs. There are nine
of these and they extend into the abdomen and bones, effectively
increasing lung capacity. In mammals, it is another name for the
alveoli in the lungs, and in some insects, for widenings of the tra-
chea.

The sacs subdivide into further air spaces which partially replace
the marrow in many of the bird's bones. The air space in these bones
assists flight by making them lighter.

airship or dirigible any aircraft that is lighter than air and power-
driven, consisting of an ellipsoidal balloon that forms the stream-
lined envelope or hull and has below it the propulsion system (pro-
pellers), steering mechanism, and space for crew, passengers,
and/or cargo. The balloon section is filled with lighter-than-air gas,
either the nonflammable helium or, before helium was industrially
available in large enough quantities, the easily ignited and flamma-
ble hydrogen. The lope’s form is maintained by internal pres-
sure in the nonrigid (blimp) and semirigid (in which the nose and tail
sections have a metal framework connected by a rigid keel) types.
The rigid type (zeppelin) maintains its form using an internal metal
framework. Airships have been used for luxury travel, polar explo-
ration, warfare, and advertising.

http://www.hotairship.com/
index.html

Information about airships — with the main focus on contemporary
development. This site includes sections such as ‘hot news’,
g facturer . "homebuilding’, and * i

Rigid airships predominated from about 1900 until 1940. As the
technology developed. the size of the envelope was increased from
about 45 m/150 ft to more than 245 m/800 ft for the last two zep-
pelins built. In 1852 the first successful airship was designed and
flown by Henri Giffard of France. In 1900 the first rigid type was
designed by Count (Graf) Ferdinand von $Zeppelin of Germany
{though he did not produce a successful model till his L-24 in1908).
Airships were used by both sides during World War 1, but they were
not seriously used for military purposes after that as they were
largely replaced by aeroplanes. The British mainly used small
machines for naval reconnaissance and patrolling the North Sea;
Germany used Schutte-Lanz and Zeppelin machines for similar
patrol work and also for long-range bombing attacks against English
and French cities, mainly Paris and London.

air transport means of conveying goods or passengers by air from
one place to another. See dflight.

ajolote Mexican reptile of the genus Bipes. It and several other
tropical burrowing species are placed in the Amphisbaenia, a group
separate from lizards and snakes among the Squamata. Unlike the
others, however, which have no legs, it has a pair of short but well-
developed front legs. In line with its burrowing habits, the skull is
very solid, the eyes small, and external ears absent.

The scales are arranged in rings, giving the body a wormlike
appearance.

http://club.infocom.net/~akita/

index.html

Profile of the Akita from the American Kennel Club. There is a
history of the breed, description of the ideal breed standard, a note
on the dog's temperament, and some quirky facts about the breed.

There is also a high resolution photo of this large and powerful dog.

Akita breed of guard dog from the prefecture of Akita in NW Japan.
It is strongly built and stands about 69 cm/27 in tall. It has small,
pointed ears. a thick coat, which may be beige, grey, brindled or
black, and carries its tail curled over its back.

alabaster naturally occurring fine-grained white or light-coloured
translucent form of gypsum, often streaked or mottled. A soft mate-
rial, it is easily carved. but seldom used for outdoor sculpture.

Alamogordo town in New Mexico, USA, associated with nuclear
testing. The first atom bomb was exploded nearby at Trinity Site 16
July 1945.

It is now a test site for guided missiles.

Alaskan malamute breed of dog. It is a type of ohusky.

albacore name loosely applied to several species of fish found in
warm regions of the Atlantic and Pacific oceans, in particular to a
large tuna, Thunnus alalunga, and to several other species of the
mackerel family.
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albatross large seabird, genus Diomedea, with long narrow wings
adapted for gliding and a wingspan of up to 3 m/10 ft, mainly found
in the southern hemisphere. 1t belongs to the family Diomedeidae,
order Procellariiformes, the same group as petrels and shearwaters.
The external nostrils of birds in this order are more or less tubular,
and the bills are hooked.

Albatrosses feed mainly on squid and fish, and nest on remote
oceanic islands. Albatrosses can cover enormous distances, flying as
far as 16,100 km/10,000 mi in 33 days, or up to 640 km/600 mi in
one day. They continue flying even after dark, at speeds of up to 53.5
kph/50 mph, though they may stop for an hour's rest and to feed
during the night. They are sometimes called ‘gooney birds’, proba-
bly becanse of their clumsy way of landing. Albatrosses are becom-
ing increasingly rare, and are in danger of extinction. In the south-
ern hemisphere, more than 40,000 albatrosses drown each year as
a result of catching squid attached to bait lines.

The Diomedeidae family contains 14 species of albatross found
in the Southern Atlantic and the Pacific oceans. The wandering
albatross D. exulans, which has a wingspan of up to 3.4 m/11 ft,
is the largest oceanic bird and can live for np to 80 years. lts huge
wingspan means that it has difficulty in taking off unless there are
strong winds. For this reason it nests on cliffs on islands. A single
white egg is laid. The chick's full weight is 12 kg/26 b, heavier
than the parents, which typically weigh around 9 kg/20 lb. The
chick needs this extra body weight to survive the Antarctic win-
ter; the parents only return to the chick if and when they can find
food for it.

albedo the fraction of the incoming light reflected by a body such
as a planet. A body with a high albedo, near 1, is very bright, while
a body with a low albedo, near 0, is dark. The Moon has an average
albedo of 0.12, Venus 0.76, Earth 0.37.

albinism rare hereditary condition in which the body has no tyrosi-
nase, one of the enzymes that form the pigment {melanin, normally
found in the skin, hair, and eyes. As a result, the hair is white and
the skin and eyes are pink. The skin and eyes are abnormally sensi-
tive to light, and vision is often impaired. The condition occurs
among all human and animal groups.

albumin or albumen any of a group of sulphur-containing
¢proteins. The best known is in the form of egg white; athers occur
in milk, and as a major component of serum. They are soluble in
water and dilute salt solutions, and are coagulated by heat.

The presence of serum albumin in the urine, termed albuminuria
or proteinuria, may be indicative of kidney or heart disease.

Alcan Canadian aluminium-producing company. Alcan Aluminium
was founded in Montréal 1928 as the Canadian subsidiary of Alcoa,
the US aluminium company founded in Pittsburgh, Pennsylvania,
1888. Alcan became independent from Alcoa 1945 and is the fifth
largest company in Canada today, second in the world in aluminium
production only to Alcoa.

ALCHEMICAL SUBSTANCES

http://www.levity.com/alchemy/subst
anc.html

Modern explanations of the lyrical names alchemists gave to their
substances. Part of the huge Virtual Alchemy Library Web site this
section is slightly disorganized, not being listed in alphabetical or
any other particular order. Some of the exotic substances described
include the bizarrely named ‘Thion hudor’ and the rather poetic
*Purple of Cassius’.

alchemy Arabic al-Kimya supposed hnique of trar in;
base metals, such as lead and mercury, into silver and gold by the
philosopher's stone, a hypothetical substance, to which was also
attributed the power to give eternal life.

This aspect of alchemy constituted much of the chemistry of the
Middle Ages. More broadly, however, alchemy was a system of phi-
losophy that dealt both with the mystery of life and the formation
of inanimate substances. Alchemy was a complex and indefinite
conglomeration of chemistry, astrology, occultism, and magic,
blended with obscure and abstruse ideas derived from various reli-
gious systems and other sonrces. It was practised in Europe from
ancient times to the Middle Ages but later fell into disrepute when
ochemistry and Ophysics developed.

What is accomplished with fire is alch hether in the

Jfurnace or the kitchen stove.

PARrAcELSUS Swiss physician, alchemist, and scientist.
In J Bronowski The Ascent of Man 1975

alcohol any member of a group of organic compounds character-
ized by the presence of one or more aliphatic OH (hydroxyl) groups

Alkane Alcohol Aldehyde
CH, CH;0H HCHO
methane methanol methanal
CH;CH, CH;CH, 0H CH,CHO
ethane ethanol ethanal
CH;CH,CH, CH;CH,CH,0H CH;CH,CHO
propane propanol propanal

methane methanol methanal

Ketone Carboxylic acid Alkene
HCO,H
methanoic acid
- CH,CO, H CH, CH,
ethanoic acid ethene
CH,COCH, CH,CH,COH  CH,CH CH,
propanone  propanoic acid propene
propanone  methanoic acid ethene

alcohol The systematic naming of simple straight-chain organic molecules.
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in the molecule, and which form festers with acids. The main uses
of alcohols are as solvents for gums, resins, lacquers, and varnish-
es; in the making of dyes: for essential oils in perfumery: and for
medical substances in pharmacy. The alcohol prodnced naturally in
the pfermentation process and consumed as part of alcoholic bev-
erages is called pethanol.

Alcohols may be liquids or solids, according to the size and com-
plexity of the molecule. The five simplest alcohols form a series in
which the number of carbon and hydrogen atoms increases pro-
gressively, each one having an extra CH, (methylene) group in the
molecule: methanol or wood spirit (methyl alcohol, CH;0H);
ethanol (ethyl alcohol, C,H;OH); propanol (propyl alcohol,
C3H;OH}; butanol (butyl alcohol, C;HsOH); and pentanol (amy! alco-
hol, C;H;;0H). The lower alcohols are liquids that mix with water;
the higher alcobols, such as pentanol, are oily liquids immiscible
with water; and the highest are waxy solids - for example, hexa-
decanol (cetyl alcohal, C,¢H3;0H) and melissyl alcohol (C3oHg, OH),
which occur in sperm-whale oil and heeswax respectively. Alcohols
containing the CH,OH group are primary; thase containing CHOH
are secondary; while those containing COH are tertiary.

alcoholic solution solution produced when a solute is dissolved
in ethanol.

alcoholism dependence on alcohol. It is characterized as an illness
when consumption of alcohol interferes with normal physical or
emotional health. Excessive alcohal consumption, whether throngh
sustained ingestion or irregular drinking bouts or binges, may pro-
duce physical and psychological addiction and lead to nutritional
and emotional disorders. Long-term heavy consumption of alcohol
leads to diseases of the heart, liver, and peripheral nerves. Support
groups such as Alcoholics Anonymous are helpful.

Aldebaran or Alpha Tauri brightest star in the constellation
Taurus and the 14th brightest star in the sky; it marks the eye of the
‘bull’. Aldebaran is a red giant 60 light years away, shining with a
true luminosity of about 100 times that of the Sun.

aldehyde any of a group of organic chemical compounds prepared
by oxidation of primary alcohols, so that the OH (hydroxyl) group
loses its hydrogen to give an oxygen joined by a double bond to a car-
bon atom (the aldehyde group, with the formula CHO).

alder any of a group of trees or shrubs belonging to the birch fam-
ily, found mainly in cooler parts of the northern hemisphere and
characterized by toothed leaves and catkins. (Genus Alnus, family
Betulaceae.)

alewife fish Alosa pseudoharengus of the pherring group, up to 30
cn/1 ft long, found in the NW Atlantic and in the Great Lakes of
North America.

alexanders strong-smelling tall pherbaceous plant belonging to the
carrot family. It is found along hedgerows and on cliffs throughout S
Europe. Its yellow flowers appear in spring and early summer.
(Smyrnium olusatrum, family Umbelliferae.)

Alexander technique in alternative medicine, a method of cor-
recting bad habits of posture, breathing, and muscular tension,
which Australian therapist F M Alexander maintained cause many
ailments. The technique is also used to promote general health and
relaxation and enhance vitality.

Back troubles, migraine, asthma, hypertension, and some gastric
and gynaecological disorders are among the conditions said to be
alleviated by the technique, which is also said ta be effective in the
prevention of disorders, particularly those of later life.

alfalfa or lucerne perennial tall dherbaceous plant belonging to
the pea family. 1t is native to Europe and Asia and has spikes of small
purple flowers in late summer. It is now a major fodder crop, com-
monly processed into hay, meal, or silage. Alfalfa sprouts, the
sprouted seeds, have become a popular salad ingredient. (Medicago
sativa, family Leguminosae.)

algae (singular alga) highly varied group of plants, ranging from
single-celled forms to large and complex seaweeds. They live in both
fresh and salt water, and in damp soil. Algae do not have true roots,
stems, or leaves.

Marine algae help combat dglobal warming by removing carbon
dioxide from the here during Oph nthesis.

Alembert, Jean le Rond d' (1717-1783)

French mathematician, encyclopedist, and theoretical physicist.
In association with Denis Diderot, he helped plan the great
Encyclopédie, for which he also wrote the "Discours préliminaire’
1751. He framed several theorems and principles — notably
d’Alembert's principle - in dynamics and celestial mechanics, and
devised the theory of partial differential equations.

The principle that now bears his name was first published in
his Traité de dynamique 1743, and was an extension of the third of
Isaac HNewton's laws of motion. D’Alembert maintained that the
law was valid not merely
for a static body, but also
for mobile bodies. Within
a year he had found a
means of applying the
principle to the theory of
equilibriom and  the
motion of fluids. Using
also the theory of partial
differential equations, he
studied the properties of
sound, and air compres-
sion, and also managed to
relate his principle to an
investigation of the
motion of any body in a
given figure.

Mary Evans Picture Library

algebra branch of mathematics in which the general properties of
numbers are studied by using symbols, usually letters, to represent
variables and unknown quantities. For example, the algebraic
statement (x + y)? = 2 + 2xy + Y is true for all values of x and y If
x =7 and y = 3, for instance:

(7 +3P2=72+2(7 x 3) + 32= 100

An algebraic expression that has one or more variables (denoted by
letters) is a ppolynomial equation. Algebra is used in many areas of
mathematics - for example, matrix algebra and Boolean algebra
(the latter is used in working out the logic for computers).

In ordinary algebra the same operations are carried on as in
arithmetic, hut, as the symbols are capable of a more generalized
and extended meaning than the figures used in arithmetic, it facil-
itates calculation where the numerical values are not known, or
are inconveniently large or small, or where it is desirable to keep
them in an analysed form.

Within an algebraic equation the separate calculations involved
must be completed in a set order. Any elements in brackets should
always be calculated first, followed by multiplication, division,
addition, and subtraction.
quadratic equation This is a polynomial equation of second
degree (that is, an equation containing as its highest power the
square of a variable, such as x?). The general formula of such
equations is @x? + bx + ¢ = 0, in which a, b, and c are real numbers,
and only the coefficient @ cannot equal 0.

Some quadratic equations can be solved hy factorization, or
the values of x can be found by using the formula for the general
solution

x = [-b + V(b2 4ac))2a

Depending on the value of the discriminant b2 - 4ac, a quadrat-
ic eqnation has two real, two equal, or two complex roots (solu-
tions). When b2 - 4ac > 0 there are two distinct real roots. When
b2~ 4ac = 0 there are twa equal real roots. When 42 - 4ac < 0 there
are two distinct complex roots.
simultaneous equations If there are two or more algebraic equa-
tions that contain two or more unknown quantities that may have
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| Toremember the order of operations in complex algebraic or
numerical expression:

BLESS MY DEAR AUNT SALLY!

BRACKETS, MULTIPLY, DIVIDE, ADD, SUBTRACT

a unique solution they can be solved si

or jaggies effect seen on computer screen or printer out-
put, when smooth curves appear to be made up of steps becanse
the resolution is not high enough. The steps are cansed by clumps
of pixels that become visible when the monitor's definition is lower
than that of the image that it is trying to show. pAnti-aliasing is a
software technique that reduces this effect by using intermediate
shades of colour to create an apparently smoother curve.

Alife in computing, contraction of partificial life.

ly. For

y.
in the case of two linear equations with two unknown variables,
such as:

() x + 3y =6 and (i) 3y - 2x = 4

the solution will be those unique values of x and y that are valid for
both equations. Linear simultaneous equations can be solved by
using algebraic manipulation to eliminate one of the variables. For
example, both sides of equation (i) could be multiplied by 2, which
gives 2x + 6y = 12. This can be added to equation (ii) to get 9y =
16, which is easily solved: y = . The variable x can now be found

by inserting the known y value
into either original equation and solving for x.

‘Algebra’ was originally the name given to the study of equa-
tions. In the 9th century, the Arab mathematician Muhammad ibn-
Miisa al-Khwarizmi used the term al-jabr for the process of adding
equal quantities to both sides of an equation. When his treatise was
later translated into Latin, al-jabr became 'algebra’ and the word
was adopted as the name for the whole subject.

algebraic fraction fraction in which letters are used to represent
numbers - for example, §, 2, and , %-,. Like numerical fractions,
algebraic firactions may be simplified or factorized. Two equivalent
algebraic fractions can be cross-multiplied; for example, if § = f
then ad = be

{In the same way, the two equivalent numerical fractions % and }
can be cross-multiplied to give cross-products that are both 12.)

alginate salt of alginic acid, (CgHyO;),, obtained from brown
seaweeds and used in textiles, paper, food products, and pharma-
ceuticals.

ALGOL (acronym for algorithmic language) in computing, an
early high-level programming language, developed in the 1950s
and 1960s for scientific applications. A general-purpose language,
ALGOL is best suited to mathematical work and has an algebraic
style. Although no longer in common use, it has greatly influenced
maore recent languages, such as Ada and PASCAL.

Algol or Beta Persei declipsing binary, a pair of orbiting stars in
the constellation Perseus, one of which eclipses the other every 69
hours, causing its brightness to drop by two-thirds.

The brighiness changes were first explained in 1782 by English
amateur astronomer John Goodricke (1764-1786). He pointed out
that the changes between magnitudes 2.2 and 3.5 repeated them-
selves exactly after an interval of 2.867 days and supposed this to
be due to two stars orbiting round and eclipsing each other.

Algonquin Radio Observatory site in Ontario. Canada, of the
radio telescope, 46 m/150 ft in diameter, of the National Research
Council of Canada, opened 1966.

algorithm procedure or series of steps that can be used to solve a
problem.

In computer science, it describes the logical sequence of opera-
tions to be performed by a program. A ¢flow chart is a visual repre-
sentation of an algorithm.

The word derives from the name of 9th-century Arab mathemati-
cian Muhammad ibn-Misé al-Khwarizmi.

alias name representing a particular user or group of users in e-
mail systems. This feature, which is not available on all systems, is
a matter of convenience as it allows a user to substitute shorter or
casier-to-remember real names for e-mail addresses. In 1995
CompuServe announced a system of named aliases for its long, num-
bered addresses.

y canal in animals, the tube throngh which food pass-
es; it extends from the mounth to the anus. It is a complex organ,
adapted for ddigestion. In human adults, it is about 9 m/30 ft long,
consisting of the mouth cavity, pharynx, oesophagus, stomach, and
the small and large intestines.

A constant stream of enzymes from the canal wall and from the
pancreas assists the breakdown of food molecules into smaller, sol-
uble nntrient molecules, which are absorbed through the canal
wall into the bloodstream and carried to individual cells. The mus-
cles of the alimentary canal keep the incoming food moving, mix it
with the enzymes and other juices, and slowly push it in the direc-
tion of the anns, a process known as dperistalsis. The wall of the
canal receives an excellent supply of blood and is folded so as to
increase its surface area. These two adaptations ensure efficient
absorption of nutrient molecules.

aliphatic compound any organic chemical compound in which
the carbon atoms are joined in straight chains, as in hexane
(CgH,y), or in branched chains, as in 2-methylpentane
(CHZCH(CH3)CH,CH,CHy).

Aliphatic compounds have bonding electrons localized within the
vicinity of the bonded atoms. 9Cyclic compounds that do not have
delocalized electrons are also aliphatic, as in the alicyclic com-
pound cyclohexane (CgH,,) or the heterocyclic piperidine (C;H,;N).
Compare daromatic compound.

alkali in chemistry, a compound classed as a dbase that is soluble
in water. Alkalis neutralize acids and are soapy to the touch.

The hydroxides of metals are alkalis; those of sodium and potas-
sium being chemically powerful; both were historically derived
from the ashes of plants.

The four main alkalis are sodium hydroxide (caustic soda,
NaOH); potassium hydroxide (caustic potash, KOH); calcium
hydroxide (slaked lime or limewater, Ca(OH),); and aqueous ammo-
nia (NHy ,o)). Their solutions all contain the hydroxide ion O,
which gives them a characteristic set of properties.

Alkalis react with acids to form a salt and water (neutralization).

KOH + HNO4 ~ KNO, + H,00H- + H* = H,0

They give a specific colour reaction with indicators; for example,
litmus turns blue.

alkali metal any of a group of six metallic elements with similar
chemical properties: lithium, sodium, potassium, rubidium, cae-
sinm, and francium. They form a linked group (Group One) in the
pperiodic table of the elements. They are univalent (have a valency
of one) and of very low density (lithinm, sodium, and potassium
float on water); in general they are reactive, soft, low-melting-point
metals. Because of their reactivity they are only found as com-
pounds in nature.

alkaline-earth metal any of a group of six metallic elements with
similar bonding properties: beryllium, magnesium, caleium, stron-
tium, barium, and radium. They form a linked group in
the operiodic table of the elements. They are strongly basic, bivalent
(have a valency of two), and occur in nature only in compounds.

alkaloid any of a number of physiologically active and frequently
poisonous substances contained in some plants. They are usuaily
organic bases and contain nitrogen. They form salts with acids and,
when soluble, give alkaline solutions.

Substances in this group are included by custom rather than by
scientific rules. Examples include morphine, cacaine, guinine, caf-
feine, strychnine, nicotine, and atropine.

n 1992, epibatidine, a chemical extracted from the skin of an
Ecuadorian frog, was identified as a member of an entirely new
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Molecular Structural
Name formula formula
methane  CH, (H)

|
Q=0
©

uses: domestic fuel (natural gas)

ethane C,Hg

propane  C;H,

uses: bottled gas (lighter tuel, camping gas)

alkane The lighter alkanes methane, ethane, propane, and butane,
showing the aliphatic chains. A hydrogen atom bonds to a carbon
atom at all available sites.

class of alkaloid. It is an organochlorine compound, which is rarely
found in animals, and a powerful painkiller, about 200 times as
effective as morphine.

alkane member of a group of phydrocarbons having the general
formula C H,, , ,, commonly known as paraffins. As they contain
only single dcovalent bonds, alkanes are said to be saturated.
Lighter alkanes, such as methane, ethane, propane, and butane,
are colourless gases; heavier ones are liquids or solids. In nature
they are found in natural gas and petroleum.

alkene member of the group of phydrocarbons having the gener-
al formula C,H,,, formerly known as olefins. Alkenes are unsatu-
rated compounds, characterized by one or more double bonds
between adjacent carbon atoms. Lighter alkenes, such as ethene
and propene, are gases, obtained from the Hcracking of oil frac-
tions. Alkenes react by addition, and many useful compounds, such
as poly{ethene) and bromoethane, are made from them.

alkyne member of the group of phydrocarbons with the general
formula C,H,, _,, formerly known as the acetylenes. They are
unsaturated compounds, characterized by one or more triple bonds
between adjacent carbon atoms. Lighter alkynes, such as ethyne,
are gases; heavier ones are liquids or solids.

allele one of two or more alternative forms of a pgene at a given
position (locus) on a chromosome, caused by a difference in the
ODNA. Blue and brown eyes in humans are determined by different
alleles of the gene for eye colour.

Organisms with two sets of chromosomes (diploids) will have two
copies of each gene. If the two alleles are identical the individual is
said to be (homozygous at that locus; if different, the individual is
theterozygous at that locus. Some alleles show ¢dominance over
others.

http://www.sig.net/~allergy/
facts.html

Extended fact sheet about allergies. It provides basic information
about the causes, symptoms, and treatment of allergy attacks, and
helps clarify typical misunderstandings about allergy sufferers. It
also provides tips for the everyday life of an allergy sufferer and an
extended list of allergy symptoms.

allergy special sensitivity of the body that makes it react w1th an
exaggerated response of the natural i
to the introduction of an otherwise harmless foreign substance
(allergen).

alligator Spanish el lagarto ‘the lizard’ reptile of the genus
4lltgator related to the crocodile. There are only two living species:
A iensis, the Mississippi alligator of the southern states of
the USA, and A. sinensis from the swamps of the lower Chang Jiang
River in China. The former grows to about 4 m/12 ft, but the latter
only to 1.5 m/5 ft. Alligators lay their eggs in waterside nests of
mud and vegetation and are good mothers. They swim well with
lashing movements of the tail and feed on fish and mammals but
seldom attack people.

The skin is of value for fancy leather, and alligator farms have
been established in the USA. Closely related are the caymans of
South America; these belong to the genus Caiman. Alligators
ranged across N Europe from the Upper Cretaceous to the Pliocene
period.

AMERICAN ALLIGATOR

http://www.seaworld.org/
animal_bytes/alligatorab.html

lllustrated guide to the American alligator including information
about genus, size, life span, habitat, gestation, diet, and a series of
fun facts.

alligator clip small metal clip wired to other similar clips to allow
temporary ions. Today's dul phone jacks general]y
make it easy to hook up mod and telep )3 , in some
situations, such as a hotel room where a telephone is hard wired
to the wall or in a foreign country where a visitor's modem plug is
incompatible with the local telephone network, the only answer is
to take the phone apart and hook the modem directly to the phone
line using these small clips.

allium any of a group of plants of the lily family, usually strong-
smelling with a sharp taste; they form bulbs in which sugar is
stored. Cultivated species include onion, garlic, chive, and leek.
Some species are grown in gardens for their decorative globular
heads of white, pink, or purple flowers. (Genus Allium, family
Liliaceae.)

allometry in biology, a regular relationship between a given fea-
ture (for example, the size of an organ) and the size of the body as
a whole, when this relationship is not a simple proportion of body
size. Thus, an organ may increase in size proportionately faster, or
slower, than body size does. For example, a human baby's head is
much larger in relation to its body than is an adult's.
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alloparental care in animal behaviour, the care of another ani-
mal's offspring. ‘Fostering’ is common in some birds, such as
pigeons, and social mammals, such as meerkats. Usunally both the
adoptive parent and the young benefit.

allopathy Greek allos ‘other’, pathos ‘suffering’ in
phomoeopathy a term used for orthodox medicine, using therapies
designed to counteract the manifestations of the disease. In strict
usage, allopathy is the opposite of homoeopathy.

allotropy property whereby an element can exist in two or more
forms (allotropes), each possessing different physical properties but
the same state of matter (gas, liquid, or solid). The allotropes of car-
bon are diamond and graphite. Sulphur has several allotropes (flow-
ers of sulphur, plastic, thombic, and monoclinic). These solids have
different erystal structures, as do the white and grey forms of tin and
the black, red. and white forms of phosphorus.

Oxygen exists as two gaseous allotropes: one used by organ-
isms for vespiration (0,), and the other a poisonous pollutant,
ozone (03).

alloy metal blended with some other metallic ov nonmetallic sub-
stance to give it special qualities, such as resistance to corrosion,
greater hardness, or tensile strength. Useful alloys include bronze,
brass, cupronickel, duralumin, German silver, gunmetal, pewter, sol-
der, steel, and stainless steel.

Among the oldest alloys is bronze (mainly an alloy of copper and
tin), the widespread use of which ushered in the Bronze Age.
Complex alloys are now common; for example, in dentistry, where a
cheaper alternative to gold is made of chromium, cobalt, molybde-
num, and titanium. Among the most recent alloys ave superplastics:
alloys that can stretch to double their length at specific tempera-
tures, permitting, for example, their injection into moulds as easily
as plastic.

allspice spice prepared from the dried berries of the evergreen
pimento tree, also known as the West Indian pepper tree, (Pimenta
dioice) of the myrtle family, cultivated chiefly in Jamaica. It has an
aroma similar to that of a mixture of cinnamon, cloves, and nutmeg.

alluvial deposit layer of broken rocky matter, or sediment, formed
from material that has been carried in suspension by a rtiver or
stream and dropped as the velocity of the current decreases. River
plains and deltas are made entirely of alluvial deposits, but smaller
pockets can be found in the beds of upland torrents.

Alluvial deposits can consist of a whole range of particle sizes,
from boulders down through cobbles, pebbles, gravel, sand, silt, and
clay. The vaw materials are the rocks and soils of upland areas that
are loosened by erosion and washed away by mountain streams.
Much of the world’s vichest farmland lies on alluvial deposits. These
deposits can also provide an economic source of minerals. River cur-
rents produce a sorting action, with particles of heavy material
deposited first while lighter materials are washed downstream.

Hence heavy minerals such as gold and tin, present in the origi-
nal rocks in small ts, can be ¢ ated and deposited on
stream beds in commercial quantities. Such deposits are called
‘placer ores’.

Almagest Arabic al ‘the’ and a corruption of the Greek megiste
‘greatest’ book compiled by the Greek astronomer pPtolemy during
the 2nd century AD, which included the idea of an Earth-centred
universe; it was translated into Arabic in the 9th century. Some
medieval books on astronomy, astrology, and alchemy were given
the same title.

Zach of the 13 sections of the book deals with a different branch
of astronomy. The introduction describes the universe as spherical
and contains arguments for the Earth being stationary at the centre.
From this mistaken assumption, it goes on to describe the motions of
the Sun, Moon, and planets; eclipses; and the positions, brightness,
and precession of the ‘fixed stars’. The book drew on the work of
earlier astronomers such as llipparchus.

almond tree related to the peach and apricot. Dessert almonds ate
the kernels of the fruit of the sweet variety Prunus amygdalus dul-
cis, which is also used to produce a low-cholesterol cooking oil. Oil
of bitter almonds, from the variety P amygdalus amara, is used in

aloe Aloes vary in size from dwarf species, no more than a few
centimetres in diameter (such as the popular houseplant Aloe
variegata), to species as large as a smali tree. This Aloe arborescens
from South Africa is of intermediate size. in their natural habitat
most aloes flower during winter. Premaphotos Wildlife

flavouring. Almond ol is also used for cosmetics, perfumes, and fine
lubricants. (Prunus lalus, family R

aloe one of a group of plants native to southern Africa, with long,
fleshy, spiny-edged leaves. The drug usually referred to as ‘bitter
aloes’ is a powerful purgative (agent that causes the body to expel
impurities) prepared from the juice of the leaves of several of the
species. (Genus Aloe, family Liliaceae.)

alpaca domesticated South American hoofed mammal Leme
pacos of the camel family, found in Chile, Peru, and Bolivia, and
herded at high elevations in the Andes. It is bred mainly for its long,
fine, silky wool, and stands about 1 m/3 ft tall at the shoulder with
neck and head another 60 ci/2 ft.

The alpaca is also used for food at the end of its fleece-produc-
ing years. Like the pllama, it was probably bred from the wild
pguanaco and is a close relative of the pvicuna.

alpha in computing, the first version of a new software program.
Developing modern software requires much testing and many ver-
sions before the definitive product is achieved. The first versions of
any new product are typically full of pbugs, and are tested by the
developers and their assistants. Later versions, known as pbeta
versions, are given to outside users to test.

Alpha Centauri or Rigil Kent brightest star in the constellation
Centaurus and the third-brightest star in the sky. It is actually a
triple star (see Dbinary star); the two brighter stars orbit each other
every 80 years, and the third, Proxima Centauri, is the closest star
to the Sun, 4.2 light years away, 0.1 light years closer than the
other two.

alpha channel in 024-bit colour, a chaunel for controlling colour
information. Describing colour for a computer display requires
three channels of information per ppixel, one for each of the pri-
mary colours of light: ved, blue, and green. A 24-bit graphics
adapter with a 32-bit pbus can use the remaining 8 bits to send
control information for the remaining 24 bits.

alpha decay disintegration of the nucleus of an atom to produce
an dalpha particle. See also pradioactivity.

alphanumeric data data made up of any of the letters of the
alphabet and any digit from 0 to 9. The classification of data
according to the type ot types of character contained enables com-
puter pvalidation systems to check the accuracy of data: a comput-
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er can be programmed to reject entries that contain the wrong type
of character. For example, a person’s name would be rejected if it
centained any numeric data, and a bank-account number would be
rejected if it contained any alphahetic data. A car's registration
number, by comparison, woeuld he expected to contain alphanu-
meric data but no punctuation marks.

alpha particle positively charged, high-energy particle emitted
from the nucleus of a radmactne atom. It is one of the preducts of
the ous di ation of radi ive el (see
Dradmacnvny) such as radium and thorium, and is identical with
the nucleus of a helium atom - that is, it consists of twe protons and
two neutrons. The process of emission, alpha decay, transforms
one element into another, decreasing the atomic (or proton) num-
her hy two and the atomic mass (or nucleon number) by four.
Because of their large mass alpha particles have a short range
of only a few centimetres in air, and can he stopped hy a sheet of
paper. They have a strongly ionizing effect (see pionizing radiation)
on the molecules that they strike, and are therefore capable of
damaging living cells. Alpha particles travelling in a vacuum are
deflected slightly hy magnetic and electric fields.
Alps, Lunar conspicuous mountain range on the Moon, NE of the

Sea of Showers (Mare Imbrium), cut hy a valley 150 km/93 mi long.
The highest peak is Mont Blanc, about 3,660 m/12,000 ft.

Alsatian another name for the yGerman shepherd dog.

Altair or Alpha Aquilae brightest star in the constellation Aquila
and the 12th hrightest star in the sky. It is a white star 16 light
years away and forms the so-called Summer Triangle with the stars
Deneh (in the constellation Cygnus) and Vega (in Lyra).

AltaVista search engine on the World Wide Weh run by DEC
(Digital Equipment Corporation). AltaVista runs an automated pro-
gram to index all the pages it can find on the Weh, enabling visitors
to enter search terms such as a name or subject and quickly
retrieve a list of pages to visit to look for specific information. It has
a similar indexing program for UseNet.

In mid-1996 DEC claimed the service indexed 30 million pages
on 275,600 servers, as well as 3 million articles from 14,000
USENET newsgroups, and was accessed over 16 million times per
weekday.

alternate angles a pair of angles that lie on opposite sides and at
opposite ends of a transversal (a line that cuts two or more lines in
the same plane). The alternate angles formed by a transversal of
two parallel lines are equal.

alternating current (AC) electric current that flows for an inter-
val of time in one direction and then in the opposite direction, that
is, a curreant that flows in alternately reversed directions through
or around a circnit. Electric energy is usually generated as alter-
nating current in a power station, and alternating currents may he
used for hoth power and lighting.

The advautage of alternating current over direct current (DC}, as
from a battery, is that its voltage can be raised or lowered eco-
nomically hy a transformer: high voltage for generation and trans-
mission, and low voltage for safe utilization. Railways, factories,
and domestic appliances, for example, use alternating current.

My personal desire would be to prohibit entirely the use of
alternating currents. They are unnecessary as they are
dangerous ... I can therefore see no justification for the
introduction of a system which has no element of permanency
and every element of danger to life and property.

TroMas Awva Episox US scientist and inventor.
Quoted in R L Weber, A Random Walk in Science

alternation of generations typical life cycle of terrestrial plants
and some seaweeds, in which there are two distinct forms occur-
rmg a](emately d:pluld (having two sets of chromosomes) and

loid (one set of chr ). The dipleid generation produces

haploid spores hy ¢meiosis, and is called the sporophyte, while the
haploid generation produces gametes (sex cells), and is called the
gametophyte. The gametes fuse to form a diploid ¢zygote which
develops into a new sporophyte; thus the sporophyte and gameto-
phyte alternate.

alternative energy see benergy, alternative.
alternative medicine see ¢medicine, alternative.

alternator electricity (generator that produces an alternating
current.

alt hierarchy on USENET, the ‘alternative’ set of pnewsgroups,
set up so that anyone can start a newsgroup on any topic. Most
areas of USENET. such as the 9Big Seven hierarchies, allow the
creation of newsgroups only after structured discussion and a vote
to demonstrate that demand for the newsgroup exists. The alt hier-
archy was created to allow users to hypass this process.

altimeter instrument used in aircraft that measures altitude, or
height above sea level. The common type is a form of aneroid
vharometer, which works hy sensing the differences in air pressure
at different altitudes. This must continually be recalibrated
because of the change in air pressure with changing weather con-
ditions. The pradar altimeter measures the height of the aircraft
above the ground, measuring the time it takes for radio pulses
emitted hy the aircraft to he reflected. Radar altimeters are essen-
tial features of automatic and blind-landing systems.

altimetry method of measuring changes in sea level using an
paltimeter attached to a satellite. The altimeter measures the dis-
tance betweeun the satellite and water surface.

transversal
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altitude The altitude of a figure is the perpendicular distance from a
vertex (corner) to the base (the side opposite the vertex).

altitude or elevation in astronomy, the angular distance of an
object above the horizon, ranging from 0° on the horizon to 90° at
the zenith. Together with ¢azimuth, it forms the system of horizon-
tal coordinates for specifying the positions of celestial bodies.

altitude in geometry, the perpendicular distance from a (vertex
(corner) of a figure, such as a triangle, to the base (the side oppo-
site the vertex).

altitude measurement of height, usually given in metres above
sea level.

altricial animals born in a very dependent state and in need of a
high degree of parental care. Examples include those mammals
that are born naked and blind, such as mice and most other
rodents, and most baby birds.

altruism in biology, helping another individual of the same
species to reproduce more effectively, as a direct result of which
the altruist may leave fewer offspring itself. Female honey bees
(workers) behave altruistically by rearing sisters in order to help
their mother, the queen bee, reproduce, and forgo any possibility of
reproducing themselves.

ALU abbreviation for ¢arithmetic and logic unit.

alum any double sulphate of a monovalent metal or radical (such
as sodinm, potassium, or ammonium) and a trivalent metal (such
as aluminium, chromium, or iron). The commonest alum is the
double sulphate of potassium and aluminium, K,Al,(50,),.24H,0,
a white crystalline powder that is readily soluble in water. It is used
in curing animal skins. Other alums are used in papermaking and
to fix dye in the textile industry.

alumina or corundum Al 0, oxide of aluminium, widely distrib-
uted in clays, slates, and shales. It is formed by the decomposition
of the feldspars in granite and used as an abrasive. Typically it is a
white powder, soluble in most strong acids or caustic alkalis but not
in water. lmpure alumina is called ‘emery’. Rubies, sapphires, and
topaz are corundum gemstones.

aluminium lightweight, silver-white, ductile and malleable,
metallic element, symbol Al, atomic number 13, relative atomic
mass 26.9815, melting point 658°C. 1t is the third most abundant
element (and the most abundant metal) in the Earth’s crust, of
which it makes up about 8.1% by mass. It is non-magnetic, an
excellent conductor of electricity, and oxidizes easily, the layer of
oxide on its surface making it highly resistant to tarnish. In the USA
the original name suggested by the scientist Humphry Davy, ‘alu-
minum’, is retained.

pure aluminium Aluminium is a reactive element with stable
compounds, so a great deal of energy is needed in order to sepa-
rate aluminium from its ores, and the pure metal was not readily
obtainable until the middle of the 19th century. Commercially, it is
prepared by the electrolysis of alumina (aluminium exide), which is
obtained from the ore ¢bauxite. In its pure state aluminium is a
weak metal, but when combined with elements such as copper, sil-
icon, or magnesium it forms alloys of great strength.

uses Aluminium is widely used in the shipbuilding and aircraft
industries because of its light weight (relative density 2.70). It is
also used in making cooking utensils, cans for beer and soft drinks,
and foil. It is much used in steel-cored overhead cables and for can-
ning uranium slugs for nuclear reactors. Aluminium is an essential
coastituent in some magnetic materials; and, as a good conductor
of electricity, is used as foil in electrical capacitors. A plastic form
of aluminium, developed 1976, which moulds to any shape and
extends to several times its original length, has uses in electronics,
cars, and bnilding construction.

aluminium chloride AICl; white solid made by direct combina-
tion of aluminium and chlorine.

2Al + 3C1, - 2AICL,
The anhydrous form is a typical covalent compound.

aluminium hydroxide or alumina cream AlOH); gelatinous
precipitate formed when a small amount of alkali solution is added
to a solution of an aluminium salt.

Aljyqpt 30H g = AlOH) )

It is an pamphoteric compound as it readily reacts with both acids
and alkalis.

aluminium oxide or alumina Al,0, white solid formed by heat-
ing aluminium hydroxide. It is an amphoteric oxide, since it reacts
readily with both acids and alkalis, and it is used as a refractory
(furnace lining) and in column ¢chromatography.

alveolus (plural alveoli) one of the many thousands of tiny air
sacs in the plungs in which exchange of oxygen and carbon dioxide
takes place between air and the bloodstream.

Alzheimer's disease common manifestation of ¢dementia,
thonght to afflict ene in 20 people over 65. After heart disease, can-
cer, and strokes it is the most common cause of death in the
Western world. Attacking the brain's ‘grey matter’, it is a disease
of mental processes rather than physical function, characterized by
memory loss and progressive intellectual impairment. It was first

ALZHEIMER'S DISEASE WEB PAGE

http://med-www.bu.edu/
Alzheimer/home.html

Although some of the pages on this site are aimed at the local
community, there is much to interest those further afield - with
information for families, caregivers, and investigators.
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ALZHEIMER’S DISEASE

The Ageing Brain and Alzheimer's Disease

8Y A D Smitn

‘Omnia fert aetas, animum quoque; saepe ego longas cantando
puerum memini me condere soles: nunc oblita mihi tot carmina ...”

“Time wastes all things, the mind too: often I remember how in
boyhood | outwore fong sunlit days in singing: now | have forgotten so

manyasong ...
(Virgil, "Eclogue X', translation by Mackail)

Was Virgil right? ks it really true that dementia, a decline in our mental
and cognitive functions illustrated here by a dedining memory, is an
inevitable part of ageing? if so, then we will be facing a very serious
problem in the next 30 years because the world's population is ageing
rapidly as advances in medicine, surgery and nutrition help to extend
the human life span. The future demographic predictions are alarming.
Between 1990 and 2030 the proportion of people over 60 will grow by
about 75% in OECD countries, with a dramatic rise of almost 100% in
Japan. it has been known for a long time that the incidence of
dementia increases with age, so we can expect the proportion with
dementia to increase by similar amount. Dementia, of which
Alzheimer's disease is by far the most common cause, is a dreadful
devastation of the human mind and spirit; it involves a progressive loss
of those very features that make us human: the mind, normal
behaviour and even our very personality disintegrates. Modern
medicine has followed Virgil in the view that dementia is an inevitable
consequence of the ageing of the brain. However, recent discoveries
have cast serious doubt on this view and have led to a different idea,
that dementia is a true disease, which, if its causes can be identified,
should be possible to treat or even to prevent. In other words, to
understand dementia we do not have to unravel the secrets of ageing
but should consider it just like any other common disease such as
cancer, heart disease or diabetes.

Alzheimer's disease (AD) was first described in a woman in her 50s
by Alois Alzheimer in 1907. He examined the brain after she died and
found in the microscope two kinds of structures that were stained by
silver salts. One is called the amyloid plaque and lies outside the cells,
while the other is called the neurofibrillary tangle and is found mainly
within nerve cells in the cerebral cortex. Both these silver-staining
structures are composed of highly insoluble proteins in a fibrillar form.
The amyloid plaque is mainly composed of a protein called beta-
amyloid peptide which has 40-43 amino acid residues per molecule but
which is normally completely insoluble because the individual
molecules aggregate together to form fibrils. The protein that makes
up the neurofibrillary tangle is different and is derived from a protein
called tau whose normal function is to stabilize the microtubules in the
nerve's axon, so maintaining the function of this long process of the
nerve cell.

Most research into dementia has concentrated on these two
proteins and on the question: "‘What causes them to accumulate in the
brain in people with AD? However, it has been realized that the
deposition of these proteins might not be the primary cause of the
symptoms of dementia; perhaps they are the end products of a process
that is more closely related to the loss of normal functioning of the
brain. This process is in fact the loss of nerve cells and, in particular, the
loss of the connections between nerve cells that occur at synapses. The
long nerve fibres in the cerebral cortex that pass from one part of the
cortex to another die back in AD and so the different functional parts
of the cortex are no longer connected to each other. The disease first
strikes in the part of the brain that is known to be crucial for memory,
the medial temporal lobe which lies deep in the midd'e of the brain.
Nerve cells in some parts of the medial temporal lobe (the
hippocampus) die earl»est, so that more than 70% of them have

disappeared by the time the patient dles Th:s process of continual
death of nerve cells (neu 2] inlife by a
snmpie brain scan, usmg d resonance

imaging. The loss of tissue in the medial (emporal lobe occurs at 15%
per year and correlates very well with the dedline in cognitive function
as measured by standard neuropsychological tests. No such rapid loss
of tissue orcurs with normal ageing and healthy individuals followed
each year also show no obvious loss in cognitive function. It is likely that
the finding that old people on average have a lower performance in
some cognitive tests is mainly explained by the fact that any group of
elderly people will include some in whom AD has already begun even
though the symptoms are not readily detected.

The nerve cells of the medial temporal lobe are connected to aimost
all other parts of the cerebral cortex and must serve some kind of
integrative role, such as the consolidation of memory. The loss of these
connections as the neurons die may be one of the causes of the
different symptoms of AD, which arise from abnormal functioning of

different parts of the cortex. The death of nerve cells in the medial
temporal lobe is accompanied by the death of another small group of
nerve cells that lie in the basal nudleus of the forebrain. These basal
forebrain neurons make the transmitter called acetyicholine and their
main function is to regulate all parts of the cerebral cortex. The only
available current treatments for AD act by inhibiting the enzyme that
normally destroys acetyicholine, but they are not very effective and
they do not slow down the progression of the disease. What is this
disease process that strikes at nerve cells in the middle of the cerebral
cortex and in the base of the forebrain? Why are these nerve cells
particularly vulnerable? These are crucial questions for current
research. If we can find the answers to these questions we shouid be
able to devise drugs that siow down or stop the death of cells from
occurring and so slow down the decline in cognitive function. There are
several current views about what causes the nerve cells to die. One is
that the cells are killed by the accumulation of beta-amyloid, and it has
indeed been found that beta-amyloid peptide is toxic to nerve ceils
under certain circumstances. However, the paradox is that amyloid
plaques occur most densely in parts of the brain where relatively few
cells die. Nevertheless, several of the next generation of drugs being
developed for AD are based on the view that if we can stop beta-
amyloid being generated from its precursor protein (amyloid precursor
protein) then we may be able to slow down progression of the disease.
Another view is that the nerve cells die because they are ‘strangled’
from within by the accumulation of abnormal tau protein. Again, if
ways can be found to prevent this from occurring then the disease
might be treatable. A third view is that the nerve cells die because there
is an excessive production of free radicals in the brain. Free radicals are
molecules that have an extra electron and so they are very reactive and
combine readily with many of the cell's important proteins. The
consequence is that the protein’s normal functioning is disturbed.
Because free radicals are so reactive, they cannot readily be detected in
brain tissue but the damaged proteins have been found in larger
amounts than normal in the brains of people with AD. Even if we
cannot identify the origin of these free radicals it might be possible to
‘capture’ them by administering drugs to which they combine in
preference to the proteins of cells. Indeed, one such “drug’ is vitamin E
and dlinical trials are in progress to see whether feeding large amounts
of vitamin E can slow down the progression of AD.

A major breakthrough in our understanding of AD was made at St
Mary's Hospital Medical School, London, in 1991 where scientists
discovered that one of the rare forms of familial AD (i.e. AD that is
inherited in a classicai Mendelian manner) is due to a mutation in the
gene for amyloid precursor protein on chromosome 21. People with
this mutation develop the symptoms of AD before the age of 60, so-
called early-onset AD. Other forms of early-onset AD have also been
found to be due to mutations in specific genes on chromosomes 1 and
14, but these familial forms of AD are quite rare, comprising about S %
of all cases. It seems likely that these familial forms of AD are all due to
abnormalities in the way the body handles the amyloid precursor
protein, leading to excessive production of the toxic beta-amyloid. The
common sporadic form of AD is usually later in onset, over the age of
6S. Sporadic AD and familial AD show the same pathological changes
in the brain and yet they must have very different causes. The causes of
sporadic AD are now known to be multi-factorial, which means that
several factors have to come together in one person before the disease
develops. A discovery by scientists at Duke University, North Carolina in
1993 has transformed our understanding of AD; they found that
people who carry a common vanant (E4) of the gene for

E had a five-fold greater risk of developing AD than
people who do not carry this variant. This is the first of many
‘susceptibility genes’ discovered for AD. A susceptibility gene only
increases the risk of the disease developing; having this gene does not
mean that the person will inevitably get AD. Clearty, other risk factors
have to be present. As well as genetic risk factors, a variety of
nongenetic factors may influence our risk of getting AD. A lot of
current research is directed to identifying these risk factors because
some of them may turn out to be modifiable by drugs, life style or diet.
Some of these have obvious social and medical implications. Thus, if
low education really is a risk factor, we must clearly do our best to give
everyone the same high level of schooling. If dietary deficiencies are a
risk then we must make sure that everyone has an adequate diet. The
possibility of preventing AD from developing in a proportion of the
elderly must be pursued with as much vigour as the search for drug
treatments for those who are unfortunate enough to develop the
disease. These are two of medicine‘'s major challenges for the 21st
century.
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described by Alois Alzheimer 1906. It affects up to 4 million people
in the USA and around 600,000 in Britain.

causes Various factors have been implicated in causing
Alzheimer's disease including high levels of aluminium in drinking
water and the presence in the brain of an abnormal protein, known
as beta-amyloid.

In 1993 the gene coding for apelipoprotein (APOE) was implicat-
ed. US researchers established that people who carry a particular
version of this gene (APOE-E4) are at greatly increased risk of
developing the disease. It is estimated that one person in thirty car-
ries this protein mutation; in the USA the figure is as high as 15%.
The suspect gene can be detected with a test, so it is technically
possible to identify those most at risk. As no cure is available such
testing is unlikely to be widespread.

A second Alzheimer's gene was identified in 1997. The gene,
HLA-A2, increases the speed at which the disease begins. The
Neurology report stated that if a person had both HLA-A2 and
APOE-E4, he or she may reach dementia a decade earlier than
those with only one of the genes.
diagnosis US researchers began trialling a simple eye test in 1994
that could be used to diagnose sufferers. The drug tropicamide
causes marked pupil dilation in those with the disease, and only
slight dilation in healthy individuals.
treatment Some researchers are convinced that, whatever its
cause, Alzheimer's disease is essentially an inflammatory condi-
tion, similar to rheumatoid arthritis. Although there is no cure, tri-
als of anti-inflammatory drugs have shown promising results. Also
under development are drugs which block the toxic effects of beta-
amyloid. A 1996 study by US neuroscientists found that oestrogen
skin patches were also beneficial in the treatment of female
Alzheimer's patients, improving concentration and memory.

AM abbreviation for pamplitude modulation.

amalgam any alloy of mercury with other metals. Most metals
will form amalgams, except iron and platinum. Amalgam is used in
dentistry for filling teeth, and usually contains copper, silver, and
zinc as the main alloying ingredients. This amalgam is pliable
when first mixed and then sets hard, but the mercury leaches out

ambergris fatty substance, resembling wax, found in the stomach
and intestines of the sperm dwhale. It is found floating in warm
seas, and is used in perfumery as a fixative.

Basically intestinal matter, ambergris is not the result of disease,
but the product of an otherwise normal intestine. The name derives
from the French ambre gris (grey amber).

American Association for the Advancement of Science
(AAAS) US scientific society founded in 1848 with the aim of
informing the pubhc of the progress of science, and furthering sci-
entific r bility; its headquarters are in Washi LIt
holds a large annual meeting, with many speakers describing the
latest scientific developments, publishes journals, and sponsors
awards.

1t was modelled on the British Association for the Advancement
of Science.

American National Standards Institute (ANSI) US national
standards body. It sets official procedures in (among other areas)
computing and electronics. The ANSI pcharacter set is the standard
set of characters used by Windows-based computers.

America Online (AOL) US market-leading commercial informa-
tion service. America Online was launched 1986 with a bright,
colourful graphical interface and a marketing campaigu that issued
free discs on almost every US magazine cover. In 1995 it overtook
the then market leader, CompuServe, and by 1996 had more than
5 million users worldwide. America Online combined with the
German publishi: ate Ber nn to launch a UK ver-
sion of the semct- known as AOL, in early 1996.

Because a number of America Online users, many of them using
temporary accounts set up from the many free discs, acted in
breach of pnetiquette when America Online opened its Internet
pgateway 1994, America Online users are held in contempt by
many parts of the Net.

americium radioactive metallic element of the pactinide series,
symbol Am, atomic number 95, relative atomic mass 243.13; it was
ﬁrst synthesized 1944. It occurs in nature in minute quantities in

and may cause a type of heavy-metal poisoning.

Amalgamation, the process of forming an amalgam, is a tech-
nique sometimes used to extract gold and silver from their ores.
The ores are ground to a fine sand and brought into contact with
mercury, which dissolves the gold and silver particles. The amal-
gam is then heated to distil the mercury, leaving a residue of silver
and gold. The mercury is recovered and reused.

Almagamation to extract gold from its ore has been in use since
Roman times.

amanita any of a group of fungi (see dfungus) distinguished by a
ring (or volva) around the base of the stalk, warty patches on the
cap, and the clear white colour of the gills. Many of the species are
brightly coloured and highly poisonous. (Genus Amanita, family
Agaricaceae.)

amatol explosive consisting of ammonium nitrate and TNT (trini-
trotoluene) in almost any proportions.

amber fossilized presin from coniferous trees of the Middle
pTertiary period. 1t is often washed ashore on the Baltic coast with
plant and animal specimens preserved in it; many extinct species
have been found preserved in this way. It ranges in colour from red
to yellow, and is used to make jewellery.

When amber is rubbed with cloth, it attracts light objects, such as
feathers. The effect, first noticed by the ancient Greeks, is due to
acquisition of negative electric charge, hence the adaptation of the
Greek word for amber, elektron, for electricity (see pstatic electricity).

Amber has been coveted for its supposed special properties
since prehistoric times. Archaeologists have found amulets made of
amber dating back as far as 35000 BC.
preservative propn'rtws were demonstrated 1992 when

: tracted from insects estimated to be around 30 million
years old which were found fossilized in amber, and in 1995 US sci-
entists succeeded in extracting bacterial spores from a bee in
amber that was 40 million years old. Despite their lengthy dor-
mancy, the bacterial spores were successfully germinated.

ppitchblende and other uranium ores, where it is produced from
the decay of neutron-bombarded plummum and is the element
with the highest atomic number that occurs in nature. It is synthe-
sized in guantity only in nuclear reactors by the bombardment of
plutonium with neutrons. lts longest-lived isotope is Am-243, with
a half-life of 7,650 years.

The element was named by Glenn Seaborg, one of the team who
first synthesized it in 1944, after the United States of America. Ten
isotopes are known.

Ames Research Center US space-research (NASA) installation at
Mountain View, California, USA, for the study of aeronautics and
life sciences. It has managed the Pioneer series of planetary probes
and is involved in the search for extraterrestrial life.

amethyst variety of pquartz, Si0,, coloured violet by the presence
of small quantities of impurities such as manganese or iron; used
as a semiprecious stone. Amethysts are found chiefly in the Ural
Mountains, India, the USA, Uruguay, and Brazil.

amide any organic chemical derived from a fatty acid by the
replacement of the hydroxyl group (-OH) by an amino group
(-NH,).

One of the simplest amides is acetamide (CH3;CONH,}, which has
a strong mousy odour.

Amiga microcomputer produced by US company Commodore
1985 to succeed the Commodore C64 home computer. The original
Amiga was based on the Motorola 68000 microprocessor and
achieved siguificant success in the domestic market.

Despite a failure to sell to the general business market, the lat-
est versions of the Amiga are widely used in the film and video
industries, where the Amiga's specialized graphics capabilities are
used to create a variety of visual effects.

amine any of a class of organic chemical compounds in which one
or more of the hydrogen atoms of ammeonia (NH;)} have been
replaced by other groups of atoms.
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alanine CH,CH-(NH,)-COOH cysteine SH-CH,CH-(NH,)-COOH tyrosine C;H,0H.CH,CH-(NH,)-COOH

glycine NH,CH,COOH

® nitrogen atom

@ supruratom

amino acid Amino acids are natural organic compounds that make up proteins and can thus be considered the basic molecules of life. There
are 20 different common amino acids. They consist mainly of carbon, oxygen, hydrogen, and nitrogen. fach amino acid has a common core
structure (consisting of two carbon atoms, two oxygen atoms, a nitrogen atom, and four hydrogen atoms) to which is attached a variable

— covalen! bond
O hydrogen atom

o carbon atom

oxygen atom

group, known as the R group. In glycine, the R group is a single hydrogen atom; in alanine, the R group consists of a carbon and three

hydrogen atoms.

Methyl amines have unpleasant ammonia odours and occur in
decomposing fish. They are all gases at ordinary temperature.

Aromatic amine compounds include aniline, which is used in
dyeing.

AMINO ACIDS

http://www.chemie. fu-berlin.de/

chemistry/bio/amino-acids.html

Small but interesting site giving the names and chemical structures
of all the amino acids.

amino acid water-soluble organic pmolecule, mainly composed of
carbon, oxygen, hydrogen, and nitrogen, containing both a basic
amino group (NH,) aud an acidic carboxyl (COOH) group. They are
small molecules able to pass through membranes. When two or
more amino acids are joined together, they are known as dpeptides;
pproteins are made up of peptide chains folded or twisted in char-
acteristic shapes.

Many different proteins are found in the cells of living organ-
isms, but they are all made up of the same 20 amino acids, joined
together in varying combinations (although other types of amino
acid do occur infrequently in nature). Eight of these, the essential
amino acids. cannot be synthesized by humaus and must be
obtained from the diet. Children need a further two amino acids
that are not essential for adults. Other animals also need some
preformed amino acids in their diet, but green plants can mauu-
facture all the amino acids they need from simpler molecules,
relying on energy from the Sun and minerals (including nitrates)
from the soil.

To remember the ten essential amino acids:
THESE TEN VALUABLE AMINO ACIDS HAVE LONG PRESERVED LIFE IN
MAN.

THREQNINE / TRYPTOPHAN / VALINE / ARGENINE / HISTIDINE /
LYSINE / PHENYLALANINE / LEUCINE / ISOLEUCINE / METHIONINE

ammeter instrument that measures electric current, usually in
pamperes. The ammeter is placed in series with the component
through which current is to be measured, and is constructed with a
low internal resistance in order to prevent the reduction of that cur-

rent as it flows through the instrument itself. A common type is the
Hmoving-coil meter, which measures direct current (DC), but can, in
the presence of a rectifier, measure alternating current (AC) also.
Hot-wire, moving-iron and dynamometer ammeters can be used for
both DC and AC.

ammonia NH, colourless, pungent-smelling gas, lighter than air
and very soluble in water. It is made ou an industrial scale by the
pHaber (or Haber-Bosch) process, and used mainly to produce
nitrogenous fertilizers, nitric acid, and some explosives.

In aquatic organisms and some insects, nitrogenous waste (from
the breakdown of amine acids and so on) is excreted in the form of
ammonia, rather than as urea in mammals.

ammoniacal solution in chemistry, a solution produced by dis-
solving a solute in aqueous ammonia.

ammonite extinct marine (cephalopod mollusc of the order
Ammonoidea, related to the modern nautilus. The shell was curled in
a plane spiral and made up of numerous gas-filled chambers, the
outermost containing the body of the animal. Many species flour-
ished between 200 million and 65 million years ago, ranging in size
from that of a small coin to 2 m/6 ft across.

ammonium carbonate (NH,),C0; white, crystalline solid that
readily sublimes at room temperature into its constituent gases:
ammonia, carbon dioxide, and water. It was formerly used in
Hsmelling salts.

ammonium chloride or sal ammoniac NH,Cl a volatile salt that
forms white crystals around volcanic craters. It is prepared syntheti-
cally for use in ‘dry-cell’ batteries, fertilizers, and dyes.

ammonium nitrate NH,NO, colourless, crystalline solid, prepared
by ¢neutralization of nitric acid with ammonia; the salt is crystallized
from the solution. 1t sublimes on heating.

amnesia loss or impairment of memory. As a clinical condition it
may be caused by disease or injury to the brain, by some drugs, or by
shock; in some cases it may be a symptom of an emotional disorder.

amniocentesis sampling the amniotic fluid surrounding a fetus in
the womb for diagnostic purpeses. It is used to detect Down's syn-

http://www.aomc.org/
amnio.html#_wmh4_822004218

Comprehensive plain English guide to amniocentesis. For a pregnant
woman considering the procedure, this is an invaluable source of
information. The advantages and the risks of sampling the amniotic
fluid are clearly presented.
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contractile vacuole

ectoplasmic ridge nucleus

food vacuole  granular endoplasm

ectoplasm

pseudopodium

cell
membrane

amoeba The amoebae are among the simplest living organisms, consisting of a single cell. Within the cell, there is a nucleus, which controls
cell activity, and many other microscopic bodies and vacuoles (fluid-filled spaces surrounded by a membrane) with specialized functions.
Amoebae eat by flowing around food particles, engulfing the particle, a process called phagocytosis.

drome and other genetic abnormalities. The pracedure carries a 1
in 200 risk of miscarriage.

amnion innermost of three membranes that enclose the embryo
within the egg (reptiles and birds) or within the uterus (mammals).
it contains the amniotic flnid that helps to cushion the embryo.

amoeba (plural amoebae) one of the simplest living animals,
consisting of a single cell and belonging to the dprotozoa group.
The body consists of colourless protoplasm. Its activities are con-
trolled by the nucleus, and it feeds by flowing round and engulfing
organic debris. It reproduces by pbinary fission. Some species of
amoeba are harmful parasites.

amp in physics, abbreviation for ampere, a unit of electrical cur-
rent. Its use is deprecated.

ampere SI unit (symbol A) of electrical current. Electrical current
is measured in a similar way to water current, in terms of an
amount per unit time; one ampere represents a flow of about 6.28

Ampeére, André Marie
(1775-1836)

French physicist and mathematician who made many discover-
ies in electromagnetism and electrodynamics. He followed up
the work of Hans Oersted on the interaction between magnets
and electric currents, developing a rule for determining the

direction of the magnetic field associated

with an electric current. The unit of

electric current, the ampere, is
named after him.

Ampére's law is an equation
that relates the magnetic force

produced by two parallel cur-

rent-carrying conductors to
the product of their currents
and the distance between
the conductors. Today

Ampére's law is usually stat-

ed in the form of calculus:

the line integral of the mag-
netic field around an arbitrari-

ly chosen path is proporticnal
to the net electric current
enclosed by the path.

Mary Evans Picture Library

x 1018 gelectrons per second, or a rate of flow of charge of one
coulomb per second.

The ampere is defined as the current that produces a specific
magnetic force between two long, straight, parallel conductors
placed 1nv3.3 ft apart in a vacuum. It is named after the French
scientist André Ampere.

Ampeére's rule rule developed by French physicist André
Ampére counecting the direction of an electric current and its
associated magnetic currents. It states that if a person were trav-
elling along a current-carrying wire in the direction of conven-
tional current flow (from the positive to the negative terminal),
and carrying a magnetic compass, then the north pole of the com-
pass needle would be deflected to the left-hand side.

amphetamine or speed powerful synthetic ¢stimulant. Benze-
drine was the earliest amphetamine marketed, used as a ‘pep pill’
in World War II to help soldiers overcome fatigue, and until the
1970s amphetamines were prescribed by doctors as an appetite
suppressant for weight loss; as an antidepressant, to induce eupho-
ria; and as a stimulant, to increase alertness.

Indications for its use today are very restricted because of severe
side effects, including addiction. Amphetamine is a sulphate or
phosphate form of CoH,;N.

amphibian Greek ‘double life’ member of the vertebrate class
Amphibia, which generally spend their larval (tadpole) stage in

amphibianToads are among the commonest amphibians. This
striking green toad Bufo viridis is distributed in a number of
habitats in the E Mediterranean area, such as these coastal sand

flats on the island of Corfu. Premaphotos Wildlife
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AMPHIBLAN
Frogs and toads never eat with their eyes open.
When eating, they have to push down with the back
of the eyeball in order to force food into the stomach.

fresh water, transferring to land at maturity (after
¢metamorphosis) and generally returning to water to breed. Like
fish and reptiles, they continue to grow throughout life, and cannot
maintain a temperature greatly differing from that of their envi-
ronment. The class contains 4,553 known species, 4,000 of which
are frogs and toads, 390 salamanders, and 163 caecilians {(worm-
like in appearance).

Amphioxus genus name of the plancelet.

amphoteric term used to describe the ability of some chemical
compounds to behave either as an pacid or as a {base depending
on their environment. For example, the metals aluminium and
zinc, and their oxides and hydroxides, act as bases in acidic soln-
tions and as acids in alkaline solntions.

Amino acids and proteins are also amphoteric, as they contain
both a basic (amino, -NH,) and an acidic (carboxy}, -COOH) group.

amplifier electronic device that magnifies the strength of a signal,
such as a radio signal. The ratio of output signal strength to input
signal strength is called the gain of the amplifier. As well as achiev-
ing high gain, an amplifier should be free from distortion and able
1o operate over a range of frequencies. Practical amplifiers are
usually complex circuits, although simple amplifiers can be built
from single transistors or valves.

amplitude or argument in mathematics, the angle inan DArgand

Human amylase has an optimum pH of 7.2-7.4. Like most
enzymes amylase is denatured by temperatures above 60°C.

anabolic steroid any $hormone of the ¢steroid gronp that stimu-
lates tissue growth. Its use in medicine is limited to the treatment
of some anaemias and breast cancers; it may help to break up
blood clots. Side effects include aggressive behaviour, masculiniza-
tion in women, and, in children, reduced height.

anabolism process of building up body tissue, promoted by the
influence of certain hormones. It is the coustructive side of
¢metabolism, as opposed to {catabolism.

anaconda South American snake Eunectes murinus, a member of
the python and boa family, the Boidae. One of the largest snakes,
growing to 9 m/30 ft or more, it is found in and near water, where
it lies in wait for the birds and animals on which it feeds. The ana-
conda is not venomous, but kills its prey by coiling round it and
squeezing until the creature suffocates.

Females are np to 5 times larger than males. They have litters
of up 10 80 babies. born live, and each weighing ounly 250-300 g.
The gestation period last six to eight months, during which time the
female will not eat at all.

anaemia condition caused by a shortage of haemoglobin, the oxy-

gen-carrying component of red hlood cells. The main symptoms are

fangue pallor, hreathlessness palpitations, and poor resistance 1o
ion. Tr pends on the cause.

Anaemia arises either from abnormal loss or defective produc-
tion of haemoglobin. Excessive loss occurs, for instance, with
chronic slow bleeding or with accelerated destruction
{ohaemolysis) of red blood cells. Defective production may be due
to iron deficiency, vitamin B, , deficiency (pernicious anaemia), cer-
tain blood diseases (sickle-cell disease and thalassaemia), chronic
infection, kidney disease, or certain kinds of poisoning. Untreated

diagram between the line that represents the p and
the real {positive horizontal) axis. If the complex number is written
in the form r{cos 6 + i sin 6), where r is radius and i = V-1, the
amplitude is the angle 6 (theta). The amplitude is also the peak
value of an oscillation.

amplitude maximum displacement of an oscillation from the
equilibrium position. For a wave motion, it is the height of a crest
(or the depth of a trough). With a sound wave, for example, ampli-
tude corresponds to the i (lond ) of the sound. In AM
(amplitude modulation) radio broadcasting, the required audio-fre-
quency signal is made to modulate (vary slightly) the amplitude of
a continuously transmitted radio carrier wave.

amplitude modulation (AM) method by which radio waves are
altered for the transmission of broadcasting signals. AM waves are
constant in frequency. but the amplitude of the transmitting wave
varies in accordance with the signal being broadcast.

ampulla in the inner dear, a slight swelling at the end of each
semicircular canal, able to sense the motion of the head.

The sense of balance depends largely on sensitive hairs within
the llae r of fluid within the canal.

amygdala almond-shaped region of the $brain adjacent to the
hippocampus, that links the cortex, responsible for conscious
thought, with the regions controlling emotions. A 1994 US study
showed that it was involved in interpreting fear-provoking infor-
mation and linking it to fear responses. For example, where the
amygdala is damaged patients are unable to recognize fearful
expressions.

Emotionally charged events are more easily recalled than neu-
tral events, and in 1996 US researchers demonstrated a link
between the amygdala and the memorizing of emotionally loaded
images.

ponding to mo

amyl alcohol former name for ¢pentanol.

amylase one of a group of penzymes that break down starches
into their component molecules (sugars) for use in the body. It
occurs widely in both plants and animals. In humans, it is found in
saliva and in pancreatic juices.

taxes the heart and may prove fatal.

anaerobic (of living organisms) not requiring oxygen for the
release of energy from food molecules such as glicose. Anaerobic
organisms include many bacteria, yeasts, and internal parasites.

Obligate anaerohes, such as certain primitive bacteria, cannot
function in the presence of oxygen; but facultative anaerohes, like
the fermenting yeasts and most bacteria, can function with or with-
out oxygen. Anaerobic organisms release much less of the available
energy from their food than do aerobic organisms.

anaesthetic drug that produces loss of sensation or conscious-
ness; the resulting state is anaesthesia, in which the patient is
insensitive to stimuli. Anaesthesia may also happen as a result of
nerve disorder.

Ever since the first successful operation in 1846 on a patient
rendered unconscious by ether, advances have been aimed at
increasing safety and control. Sedatives may he given before the
anaesthetic to make the process easier. The level and duration of
unconsciousness are managed precisely. Where general anaesthe-
sia may be inappropriate (for example. in childbirth, for a small
procedure, or in the elderty), many other techniques are available.
A topical substance may he applied to the skin or tissue surface; a
local agent may be injected into the tissues under the skin in the
area to be treated; or a regional block of sensation may be achieved
by injection into a nerve. Spinal anaesthetic, such as epidural, is
injected into the tissues surrounding the spinal cord, producing
loss of feeling in the lower part of the body.

ANAESTHETIC

Although the science of anaesthetics is 150 years
old, it is only comparatively recently that safe doses
have begun 1o be calculated correctly. It is said that
when the Japanese bombed Pearl Harbor in 1941, more
US servicemen were killed by anaesthetists than by
bombs.
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While the need for some form of anaesthesia had been recognized
since earliest times, for centuries all that was available to deaden
the pain of surgery was a copious draft of alcohol. As late as 1839
a leading French surgeon predicted: ‘To escape pain in surgical
operations is a chimera which we cannot expect in our time.’
Mercifully, he was mistaken for the first use of anaesthesia in
surgery was recorded only seven years later.

By this time there had been some experimentation with volatile
agents such as ether, chloroform and nitrous oxide. Ether, for
example, enjoyed a certain notoriety arising from medical
students' ‘ether frolics’. But this was the substance used in what is
credited as the first operation undertaken in an anaesthetized
patient - in the famous ‘ether dome’ at Massachusetts General
Hospital in Boston on October 16, 1846. its use was demonstrated
by the dentist William Thomas Green Morton (1819-68).

The following day, not content with the apparatus he had used
to administer the ether, Morton commissioned an improved
version. Later he abandoned this, too, in favour of a simple
spange. ‘This should be about the size of the open hand, or a little
larger, and concave, to suit over the nose and mouth,’ he wrote in
the Lancet (June 30, 1847).

‘The sponge is then thoroughly saturated with ether, applied to
the nose and mouth, and, with the latter open, the patient
directed to inhale as fully and freely as possible. In this way, | have
found the result more sure and satisfactory, and the difficulty of
inhalation very much reduced, or entirely removed. The most
delicate or nervous females, or aged persons, as well as young
children, are thus rapidly and almost imperceptibly narcotized...’

Only a month after its Boston debut, ether anaesthesia was first
used in Britain, at London's University College Hospital. In January
1847, James Young Simpson (1811-70), Professor of Obstetrics at
Edinburgh, was the first to introduce its use for women in
childbirth, initially for forceps or operative deliveries butsoon also
for uncomplicated cases.

However, disliking ether's ‘disagreeable and very persistent
smell’, Simpson soon began casting around for an alternative and
decided to try chloroform. in November 1847, to the consternation
of his household, he and two junior colleagues were accidentally
exposed to chloroform when a bottle was knacked over at his
house in Queen Street. He later wrote: ‘The first night we took
chioroform, Dr Duncan, Dr Keith and | all tried it simuitaneously
and were under the table in a minute or two.’

The first obstetric delivery under chioroform took place the day
after this mishap and, ten days later, Simpson published his first
pamphlet on its use. A forceful figure, he insisted that liberal
administration of chloroform on the corner of a towel or
handkerchief was harmless.

Not surpisingly, however, since it had gone from first testing to
clinical use within the space of little more than a week, the safety
of chloroform as an anaesthetic agent was never established. In
fact the first UK death from chloroform anaesthesia took place
only three months after its introduction.

History of Anaesthesia

Elsewhere, once its toxicity became apparent, chloroform fell
out of favour. Predictably its use was banned at Massachusetts
General, the birthplace of ether anaesthesia. But in Britain
Simpson had done such a good job of publicizing chloroform that
its popularity grew regardless. Here controversy centred nat on
safety but on the morality of using anaesthesia at all to relieve
the pain of childbirth. There were those who pointed to its
apparent biblical proscription - ‘In pain shalt thou bear
offspring.’

However, the role of anaesthesia in childbirth was confirmed
when, on April 7 1853, the well-known Landon physician John
Snow held out a chloroform-soaked handkerchief to assist the
birth of Queen Victoria's ninth child, Prince Leopold. The Queen
subsequently noted in her diary: ‘Dr Snow administered that
blessed chloroform and the effect was soothing, quieting and
delightful beyond measure.’

Despite a rising death toll (and the appointment of various
commissions to investigate the action of chloroform), the drug
remained in use until well into the new century.

Meanwhile a third valatile agent, nitrous oxide, had surfaced
at around the same time as ether and chloraform. Its pain-killing
properties were discovered in 1800 by the British chemist
Humphry Davy (1778-1829), who foresaw that ‘it may probably
be used with advantage in surgical operations’. In 1845, nitrous
oxide was first used for pain relief, also at Massachusetts General
Hospital, in what proved to be a disastrous demonstration by
another dentist, Horace Wells (1815-48). Then it was lost to view
for more than two decades.

Nitrous oxide — popularly known as ‘laughing gas’ because of
the excitement it induces — was finally adopted as an anaesthetic
agent by way of its use by travelling salesmen. One of these,
Gardner Quincy Colton (1814-98), founder of the New York
Dental Institute, demonstrated use of the gas at the 1867
International Exhibition in Paris. it was taken up by an influential
US dental surgeon, Thomas Wiltberger (1823-97), who in due
course introduced it to British dentists. Nitrous oxide is still used
as an inhalation agent in surgery today.

There were to be further colourful chapters in the
development of safe, effective anaesthesia, including the loss of
a few surgical patients to exploding gases. Also memorable was
the era of ‘twilight sleep' in obstetrics, when a light state of
scopolamine-morphine narcosis was used to ease pain and
eradicate unpleasant recollections. The main effect of this, in
addition to prolonging labour and expunging any memeory on
the part of the mother of her child's birth, was to produce babies
almost too dopey to breathe.

While some specialist training was initiated in the 1930s, it was
only after World War 2 - a century after the first use of
anaesthesia in surgery - that the speciality really came into its
own. Today it is the biggest UK medical speciality, practised with
a precision unimaginable in the early days under the ‘ether
dome’.

analgesic agent for relieving dpain. Opiates alter the perception
or appreciation af pain and are effective in controlling ‘deep’ vis-
ceral (internal) pain. Non-opiates, such as paspirin, Oparacetamol,
and NSAIDs (nonsteroidal an flammatory drugs), relieve mns-
culoskeletal pain and reduce inflammation in soft tissues.

Pain is felt when electrical stimuli travel along a nerve pathway,
from peripheral nerve fibres to the brain via the spinal cord.

An anaesthetic agent acts either by preventing stimuli from
being sent (local), or hy removing awareness of them (general).
Analgesic drugs act on both.

Temporary or perianent analgesia may be achieved by injection
of an anaesthetic agent into, or the.severing of, a nerve.
Implanted devices enable patients to deliver controlled electrical

stimulation ta block pain impulses. Production of the body's nat-
ural opiates, pendarphins, can be manipulated by techniques such
as relaxation and biofeedback. However, for the severe pain of,
for example, terminal cancer, opiate analgesics are required.

US researchers found 1996 that some painkillers were more
effective and pravided longer-lasting relief for women than men.

analogous in biclogy, term describing a structure that has a
similar function to a structure in another organism, but not a sim-
ilar evolutionary path. For example, the wings of bees and of
birds have the same purpose - to give powered flight - but have
different origins.

Compare phomologous.



33

ANALYTICAL CHEMISTRY

analogue (of a quantity or device) changing continuously; hy con-
trast a ¢digital quantity or device varies in series of distinct steps.
For example, an analogue clock measures time by means of a con-
tinuous movement of hands around a dial, whereas a digital clock
measures time with a numerical display that changes in a series of
discrete steps.

Most computers are digital devices. Therefore, any signals and
data from an analogue device must be passed through a suitable
¢analogue-to-digital converter before they can be received and
processed by computer. Similarly. output signals from digital com-
puters must be passed through a digital-to-analogue converter
before they can be received by an analogue device.

analogue computer computing device that performs calcula-
tions through the interaction of continuously varying physical
quantities, such as voltages (as distinct from the more common
¢digital computer, which works with discrete quantities). An ana-
logue computer is said to operate in real time (corresponding to
time in the real world), and can therefore be used to monitor and
control other events as they happen.

Although common in engineering since the 1920s, analogue
computers are not general-purpose computers, but specialize in
solving ddifferential calculus and similar mathematical problems.
The earliest analogue computing device is thought to be the flat, or
planispheric, astrolabe, which originated in about the Sth century.

analogue signal in electronics, current or voltage that conveys
or stores information, and varies continuously in the same way as
the information it represents (compare {digital signal). Analogue
signals are prone to interference and distortion.

The bumps in the grooves of a vinyl record form a mechanical
analogue of the sound information stored, which is then is con-
verted into an electrical analogue signal hy the record player’s
pick-up device.

analogue-to-digital converter (ADC) electronic circuit that con-
verts an analogue signal into a digital one. Such a circuit is needed
to convert the signal from an analogue device into a digital signal for
input into a computer. For example, many jsensors designed to mea-
sure physical quantities, such as temperature and pressure, produce
an analogue signal in the form of voltage and this must be passed
through an ADC before computer input and processing. A pdigital-
to-analogue converter performs the opposite process.

analogy in mathematics and logic, a form of argument or process
of reasouing from one case to another parallel case. Arguments
from analogy generally have the following form: if some event or
thing has the properties @ and b, and if another event or thing bas
the properties b and ¢, then the former event or thing has the prop-
erty ¢, too. Arguments from analogy are not always sound and can
mislead. False analogies arise when the cases are insufficiently
similar to support the reasoning. For example, a whale lives in
water and resembles a fish, but we cannot conclude from this that
itis a fish. When arguments from analogy are compressed, they are
called metaphors.

analogue signal

sensor

analogue-to-digital converter

analysis in ch y. the determination of the ition of

substances; see panalytical chemistry.

analysis branch of mathematics concerned with limiting process-
es on axiomatic number systems; fcalculus of variations and infin-
itesimal calculus is now called analysis.

analyst job classification for {computer personnel. An analyst
prepares a report on an existing data processing system and makes
proposals for changes and improvements.

http://www.scimedia.com/
chem-ed/analytic/ac-basic.htm

Detailed online course, designed for those at undergraduate
level, that provides the user with an introduction to some of the
fundamental concepts and methods of analytical chemistry.
Some of the sections included are gravimetric analysis, titration
and spectroscopy.

analytical chemistry branch of chemistry that deals with the
determination of the chemical composition of substances.
Qualitative analysis determines the identities of the substances in
a given sample; quantitative analysis determines how much of a
particular substance is present.

Simple qualitative techniques exploit the specific, easily observ-
able properties of elements or compounds ~ for example, the flame
test makes use of the different flame colours produced by metal
cations when their compounds are held in a hot flame. More
sophisticated methods, such as those of (spectroscopy, are
required where substances are present in very low concentrations
or where several substances have similar properties.

Most quantitative analyses involve initial stages in which the
substance to be measured is extracted from the test sample, and
purified. The final analytical stages (or ‘finishes’) may involve mea-
surement of the substance’s mass (gravimetry) or volume (volume-
try. titrimetry), or a ber of techni initially developed for
qualitative analysis, such as fluorescence and absorption spec-
troscopy, chromatography, electrophoresis, and polarography.
Many modern methods enable quantification by means of a detect-
ing device that is integrated into the extraction procedure (as in
gas-liquid chromatography).

For him [the scientist], truth is so seldom the sudden light that
shows new order and beauty; more often, truth is the uncharted
rock that sinks his ship in the dark.

Jorx CorNFORTH Australian chemist.
Nobel prize address 1975

computer

digital signal

—

analogue-to-digital converter An analogue-to-digital converter, or ADC, converts a continuous analogue signal produced by a sensor to a

digital (‘off and on’) signal for computer processing.
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analytical engine progr bl device designed by
English mathematician Charles oBabhage in 1833.

1t was based on the pdifference engine but was intended to auto-
mate the whole process of calculation. 1t introduced many of the
concepts of the digital computer but, because of limitations in
manufacturing processes, was never built.

Among the concepts introduced were input and output, an arith-
metic unit, memory, sequential operation, and the ability to make
decisions based on data. It would have required at least 50,000
moving parts. The design was largely forgotten until some of
Babbage's writings were rediscovered in 1937,

The whole of the developments and operations of analysis are
now capable of being executed by machinery. ... As soon as an
Analytical Engine exists, it will necessarily guide the future
course of science.

CHARLES BABBAGE English mathematician.
Passages from the Life of a Philosapher 1864

analytical geometry another name for fcoordinate geometry.

anamorphic projection technigue used in film and in fvirtual
reality to squeeze wide-frame images so that they fit into the
dimensions of a 35-mm frame of film. In film projection, the pro-
jector has a complementary lens which reverses the process. In vir-
tual reality, the computer must calculate the amount of deforma-
tion and reverse it.

anatomy study of the structure of the body and its component
parts, especially the phuman body, as distinguished from physiolo-
gy. which is the study of bodily functions.

Herophilus of Chaleedon (c. 330-c. 260 BC) is regarded as the
founder of anatomy. In the 2nd eentury AD, the Graeco-Roman
physician Galen produced an account of anatomy that was the ounly
source of anatomical knowledge until On the Working of the Human
Body 1543 by Belgian physician Andreas Vesalius. In 1628, English
physician William Harvey published his demonstration of the cir-
culation of the blood. With the invention of the microscope, ltalian
physiolugist Marcello Malpighi and Dutch microscopist Anton van
Leenwenhoek were able to found the study of phistology. In 1747,
Albinus (1697-1770), with the help of the artist Wandelaar
(1691-1759), produced the most exact account of the bones and
muscles, and in 1757-65 Swiss biologist Albrecht von Haller gave
the most complete and exact deseription uf the organs that had yet
appeared. Among the anatomical writers of the early 19th century
are the surgeon Charles Bell (1774-1842), Jonas Quain
(1796-1865), and Henry Gray (1825-1861). Radiographic anatomy
tusing X-rays: see oradiography) has been one of the triumphs of
the 20th century, which has also been marked by immense activity
in embryological investigation.

anchor in computing, an HTML (hypertext markup language) tag
that turns ordinary text into a dhyperlink. Anchors are nsed to
enable easy navigation within a single large document or to link to
remote documents on distant computers. On the World Wide Web,
anchor text is underlined, coloured differently, or surrounded by a
dotted line in order to mark it vut from nurmal text.

anchovy small fish Engraulis encrasicholus of the oherring fami-
ly. 1t is fished extensively, being abundant in the Mediterranean,
and is also found on the Atlantic eoast of Enrope and in the Black
Sea. It grows to 20 ¢nv8 in.

Pungently flavonred, it is processed into fish pastes and
essences, and used as a garnish, rather than eaten fresh.

andesite vulcanic igneous rock, intermediate in silica content
between rhyolite and basalt. 1t is characterized by a large gnantity
of feldspar ominerals, giving it a light colour. Andesite erupts from
voleanoes at destructive plate margins (where one plate of the
Earth's surface muves beneath another; see (plate tectonics),
including the Andes, from which it gets its name.

AND gate in electronics, a type of ¢logic gate.

Anderson, Elizabeth Garrett
(1836-1917)

1
English physician, the first English woman to qualify in medicine.
Unable to attend medical school, Anderson studied privately and
was licensed by the Society of Apothecaries in London in 1865.
She was physician to the Marylebone Dispensary for Women and
Children {later renamed )

the Elizabeth Garrett
Anderson Hospital), a
Ltondon hospital now
staffed by women and
serving fernale patients.

She became the first
woman member of the
British Medical
Association in 1873 and
the first woman mayor in
Britain. She lectured at
the London School of
Medicine for Women
{1875-97), and was its
dean (1883~1903).

Mary Evans Picture Library

androecium male part of a flower, comprising a number of
pstamens.

androgen general name for any male sex hormone, of which
ptestosterone is the most important.

They are all psteroids and are principally involved in the pro-
duction of male psecondary sexual characteristics ( such as beard
growth).

Andr major ¢ llation of the northern hemisphere, vis-
ible in autumn. Its main feature is the Andromeda galaxy. The star
Alpha Andromedae forms one corner of the Square of Pegasus. It
is named after the princess of Greek mythology.

Andromeda galaxy galaxy 2.2 million light years away from
Earth in the constellation Andromeda, and the most distant object
visible to the naked eye. It is the largest member of the {Local
Group of galaxies.

Like the Milky Way, it is a spiral orbited by several companion
galaxies but contains about twice as many stars. It is about 200,000
light years across.

AND rule rule used for finding the combined probability of two or
more independent events hoth occurring. If two events £, and E,
are independent (have no effect on each other) and the probabili-
ties of their taking place are p, and p, respectively, then the com-
bined probability p that both £} and E, will happen is given by:
P=p;xp,

For example, if a blue die and a red die are thrown together, the
probability of a blue six is 5, and the probabi]ity of a red six is %
Therefore, tht- pr\lbdbl]lly of both a red six and a blue six being
thrown is § x = &

By contrast, the OR rule is used for finding the probability of
either one event or another taking place.

anechoic chamber room designed to be of high sound absorben-
¢y. All surfaces inside the chamber are covered by sound-absorbent
materials such as rnbber. The walls are often eovered with inward-
facing pyramids of rubber. to minimize reflections. It is used for
experiments in dacoustics and for testing andio equipment.

anemometer device for measuring wind speed and lignid flow.
The must basic form, the eup-type anemometer, consists of cups
at the ends of arrs, which rotate when the wind blows. The speed
of rotation indieates the wind speed.
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Vane-type anemometers have vanes, like a small windmill or
propeller, that rotate wben the wind blows. Pressure-tube
anemometers use the pressure generated by the wind to indicate
speed. The wind blowing into or across a tube develops a pressure,
proportional to the wind speed. that is measured by a manometer
or pressure gauge. Hot-wire anemometers work on the principle
that the rate at which heat is transferred from a hot wire to the
surrounding air is a measure of the air speed. Wind speed is deter-
mined by measuring either the electric current required to main-
tain a hot wire at a constant temperature, or the variation of resis-
tance while a constant current is maintained.

http://www.actwin. cor

Artide on keeping anemones in an aquanium environment. The site
offers information on species, feeding, and tank maintenance
practices to help these creatures thrive in captivity.

anemone flowering plant belonging to the buttercup family,
found in northern temperate regions. mainly in woodland. It has
¢sepals which are coloured to attract insects. (Genus Anemone,
family Ranunculaceae.)

The garden anemone (Aremone coronaria) is blue, purple, red,
or white. The European and Asian white wood anemone (4.
nemorosa), or windflower, grows in shady woods, flowering in
spring. Hepatica nobilis, once included within the genus Anemone,
is common in the Alps. The {pasqueflower is now placed in a sep-
arate genus.

phily A familiar
provided by the silver birch Betula pendula, whose pendant male
catkins produce vast amounts of pollen. The much slimmer and

fe of anemophily (wind pollination) is

shorter female catkins point upwards. Premaphotos Wildlife

anemophily type of 3pollination in which the pollen is carried on
the wind. Anemophilous flowers are usually unscented, have either
very reduced petals and sepals or lack them altogether, and do not
produce nectar. In some species they are borne in ¢catkins. Male
and female reproductive structures are commonly found in sepa-
rate flowers. The male flowers have numerous exposed stamens,
often on long filaments: the female flowers have long, often
branched, feathery stigmas.

aneroid barometer kind of ¢barometer.

aneurysm weakening in the wall of an artery, causing it to bal-
loon outwards with the risk of rupture and serious, often fatal,
blood loss. If detected in time, some accessible aneurysms can be
repaired by bypass surgery. but such major surgery carries a high
risk for patients in poor health.

angel dust popular name for the anaesthetic phencyclidine, a
depressant drug.

angelfish any of a number of unrelated fish. The freshwater
angelfish. genus Pterophyllum, of South America. is a tall. side-to-
side flattened fish with a striped body. up to 26 cnv/10 in long. but
usually smaller in captivity. The angelfish or monkfish of the genus
Squatina is a bottom-living shark up to 1.8 m/6 ft long with a body
flattened from top to bottom. The marine angelfishes.
Pomacanthus and others, are long narrow-bodied fish with spiny
fins, often brilliantly coloured, up to 60 cm/2 f long, living around
coral reefs in the tropics.

hten: //

species/angel

Angelfish page by Cindy Hawley. This site includes details of
angelfish breeds, feeding, keeping in an aquarium, and possible
diseases. Images and multimedia dlips are also downloadable
from this site.

angelica any of a group of tall, perennial herbs with divided
leaves and clusters of white or greenish flowers, belonging to the
carrot family. Most are found in Furope and Asia. The roots and
fruits have long been used in cooking and in medicine. (Genus
Angelica, family Umbelliferae.)

angina or angina pectoris severe pain in the chest due to
impaired blood supply to the heart muscle because a coronary
artery is narrowed. Faintness and difficulty in breathing accompa-
ny the pain. Treaunent is by drugs or bypass surgery.

angiosperm flowering plant in which the seeds are enclosed
within an ovary, which ripens into a fruit. Angiosperms are divided
into jmonocotyledons (single seed leaf in the embryo) and
tdicotyledons (two seed leaves in the embryo). They include the
majority of flowers, herbs, grasses. and trees except conifers.
There are over 250,000 different species of angiosperm, found
in a wide range of habitats. Like 0gymnosperms, they are seed
plants, but differ in that ovules and seeds are protected within the

Good general guide to angiosperms. The differences between
monocotyledons and dicotyledons are set out here. The functions of
roots, stemns, leaves, and flowers are explained by readily
understandable text and good accompanying diagrams.
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carpel. Fertilization occurs by male gametes passing into the ovary
from a pollen tube. After fertilization the ovule develops into the
seed while the ovary wall develops into the fruit.

Angkor site of the ancient capital of the Khmer Empire in NW
Cambodia, north of Tonle Sap. The remains date mainly from the
10th-12th centuries AD, and comprise temples originally dedicat-
ed to the Hindu gods, shrines associated with Theravada
Buddhism, and royal palaces. Many are grouped within the enclo-
sure called Angkor Thom, but the great temple of Angkor Wat
(early 12th century) lies outside.

Angkor was abandoned in the 15th century, and the ruins were
overgrown by jungle and not adequately described until 1863.
Buildings on the site suffered damage during the civil war 1970-75;
restoration work is in progress.

angle in mathematics, the amount of turn or rotation; it may be
defined by a pair of rays (half-lines) that share a common endpoint
but do not lie on the same line. Angles are measured in pdegrees
(°) or gradians (rads) - a complete turn or circle being 360° or 21
rads.

Angles are classified generally by their degree measures: acute
angles are less than 90°; right angles are exactly 90° (a quarter
turn); obtuse angles are greater than 90° but less than 180°; reflex
angles are greater than 180° but less than 360°.

<> in documentation, brackets that indicate places where the user
should input information of the type described between the brack-
ets. Angled brackets are also used in online services and on the
Internet to indicate that the name used is a nser-1D rather than a
real name, and on CompuServe as part of certain femoticons.

<g> on CompuServe, an indicator that the message writer is smil-
ing. The ‘g’, which stands for ‘grin’, is similar to an femoticon in
that it helps to identify an online writer's state of mind in the

b of facial expressions, tone of voice, and other real-world
clues. Variants include <vbg> for ‘very big grin’.

90°

right angle
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obtuse angle

angle of declination angle at a particular point on the Earth's
surface between the direction of the true or geographic North Pole
and the magnetic north pole. The angle of declination has varied
over time because of the slow drift in the position of the magnetic
north pole.

angle of dip or angle of inclination angle at a particular point
on the Earth’s surface between the direction of the Earth's mag-
netic field and the horizontal; see ymagnetic dip.

angle of incidence angle between a ray of light striking a mirror
(incident ray) and the normal to that mirror. It is equal to the
pangle of reflection.

angle of reflection angle between a ray of light reflected from a
mirror and the normal to that mirror. It is equal to the pangle of
incidence.

angle of refraction angle between a refracted ray of light and
the normal to the surface at which ¢refraction occurred. When a
ray passes from air into a denser medium such as glass, it is bent
towards the normal so that the angle of refraction is less than the
pangle of incidence.

angler any of an order of fish Lophiiformes, with flattened body
and broad head and jaws. Many species have small, plantlike tufts
on their skin. These act as camouflage for the fish as it waits, either

ANGLER

The parasitic male anglerfish stays with his partner
for life - literally. Once the tiny male is attached to
the much larger female, his tissues fuse with hers, he
loses his senses of sight and smell, and receives his
nourishment from her bloodstream.

90°
|
|
I
I
|
|

\

acute angle

reflex angle

angle The four types of angle, as classified by their degree measures. No angle is classified as having a measure of 180°, as by definition such

an ‘angle’ is actually a straight line.
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floating among seaweed or lymg on the sea bottom, twitching the
enlarged tip of the threadlike first ray of its dorsal fin to entice prey

There are over 200 species of angler fish, living in both deep and
shallow water in temperate and tropical seas. The males of some
species have become so small that they live as parasites on the
females.

Anglo-Australian Telescope large telescope on ¢Siding Spring
Mountain, New South Wales.

angstrom unit (symbol A) of length equal to 10-? metres or one-
ten-millionth of a millimetre, used for atomic measurements and
the wavelengths of electr tic radiation.

It is named after the Swedish scientist A J Angstrom.

Anguilliformes order of bony fish comprising the feels. All
Anguilliformes have snakelike bodies and no pelvic fins. The order
includes freshwater eels (Anguillidae), moray eels (Muraenidae).
and conger eels (Congridae).

Anguis genus of legless lizards containing the $slow-worm.
classification Anguis is in family Anguidae, suborder Sauria,order
Squamata, class Reptilia.

angular momentum in physics, a type of gmomentum.

anhydride chemical compound obtained by the removal of water
from another compound; usually a dehydrated acid. For example,
sulphur(VI) oxide (sulphur trioxide, SO;) is the anhydride of sul-
phuric acid (H,50,).

anhydrite naturally occurring anhydrous calcium sulphate
(CaSO).

1t is used cially for the
and builders’ plaster.

facture of plaster of Paris

anhydrous of a chemical compound, c. ing no water. If the
water of crystallization is removed from blue crystals of copper(I)
sulphate, a white powder (anhydrous copper sulphate) results.
Liquids from which all traces of water have been removed are also
described as heing anhydrous.

anlllne Portuguese anil mdrgn CeH; \H, or phenylamine one of
the lest aromatic ch s (a related to benzene,
with its carbon atoms joined in a ring). When pure, it is a colour-
less oily liquid; it has a characteristic odour, and turns brown on
contact with air. It occurs in coal tar, and is used in the rubber
industry and to make drugs and dyes.

It is highly poisonous.

Aniline was discovered 1826, and was originally prepared by the
dry distillation of ¢indigo, hence its name.

What is man without the beasts? If all the beasts were gone,
man would die from a great loneliness of spirit.

CHIEF SEATTLE Native American chief.
Reputed letter to US President Franklin Pierce 1854, shown 1992 to
have been largely a forgery created 1971 by TV scriptwriter Ted Perry

animal or metazoan Latin anima ‘breath’, “life’ member of the
¢kingdom Animalia, one of the major categories of living things, the
science of which is zoology. Animals are all dheterotrophs (they
obtain their energy from organic substances produced hy other
organisms); they have eukaryotic cells (the genetic material is con-
tained within a distinct nucleus) bounded by a thin cell membrane
rather than the thick cell wall of plants. Most animals are capable
of moving around for at least part of their life cycle.

In the past, it was common to include the single-celled Oprotozoa
with the animals, but these are now classified as protists, together
with single-celled plants. Thus al! animals are multicellular. The
oldest land animals known date back 440 million years. Their
remains were found 1990 in a sandstone deposit near Ludlow,
Shropshire, UK, and included fragments of two centipedes a few
ceutimetres long and a primitive spider measuring about | mm.

Speeds of Animals
Animal Speed

kph mph
Cheetah 103 64
Wildebeest 98 61
Lion 81 50
Quarterhorse 76 475
Elk 72 45
Cape hunting dog 2 45
Coyote 69 43
Grey fox 68 49
Hyena &4 40
Zebra 64 40
Greyhound 63 39
Whippet 57 8515
Rabbit (domestic) 56 35
Jackal 56 1535}
Reindeer il 32
Giraffe 51 32
White-tailed deer 48 30
Wart hog 48 30
Gnzzly bear 48 30
Cat {domestic) 48 30
Human 45 28
Elephant 40 5
Black mamba snake 3 20
Squirrel 19 12
Pig (domestic) 18 1
Chicken 14 9
Giant tortoise 0.97 0.17
Three-toed sloth 0294 0.15
Garden snail 0.05 0.03

animal behaviour scientific study of the behaviour of animals,
either hy comparative psychologists (with an interest mainly in the
psychological processes involved in the control of behaviour) or by
ethologists (with an interest in the biological context and relevance
of hehaviour; see oethology).

animal, domestic in general, a tame animal. In agriculture, it is
an animal brought under human control for exploitation of its
labour; use of its feathers, hide, or skin; or consumption of its eggs,
milk, or meat. Common domestic animals include poultry, cattle
(including buffalo), sheep, goats, and pigs. Starting about 10,000
years ago, the domestication of animals has only since World War
11 led to intensive ¢factory farming.

Increasing numbers of formerly wild species have heen domes-
ticated, with stress on scieutific breeding for desired characteris-
tics. At least 60% of the world's livestock is in developing countries,
but the Third World consumes only 20% of all meat and milk pro-
duced. Most domestic animals graze plants that are not edible to
humans, and 40% of the world's cereal production becomes animal
feed; in the USA it is 90%.

animation, computer computer-generated graphics that appear
to move across the screen. Traditional animation involves a great
deal of drudgery in creating the 24 frames per second needed to
deceive the human eye into seeing a moving picture on film. In
computer-generated animation, while humans still create the key
frames that specify the starting and ending points of a particular
sequence - a character running through a landscape, for example
- computers are faster and more accurate at calculating the in-
between positious and generating the frames.

first achievements The first completely computer-generated
character to appear in a major motion picture was the sea-water
creature in James Cameron's film The Abyss 1990, developed at
the leading special effects shop ¢Industrial Light & Magic. It was
quickly followed by the liquid-metal man in Cameron's Terminator
2 1991. The first entirely computer-animated full-length feature
film was OPixar's Tog Story 1995, which was the first film ever to
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animal The animal kingdom is divided into 34 major groups or phyla. The large phylum Chordata (animals that have, at some time in their
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achieve independent motion of characters and backgrounds in the
same sequence.
algorithms and initial image creation The basis of computer
animation is (algorithms developed by academic researchers.
These are used to develop software routines that handle the com-
plex calculations needed to work out the precise colour of each
¢pixel in each of the finished frames; the process demands excep-
tionally powerful hardware with massive storage capacity. For the
animator, an image begins as an on-screen collection of lines that
look much like a wire frame There are a variety of techniques the
can use to d p 3-D objects - lhey can be extruded
from a cross section, or s“ep( which is the on-screen equivalent
of turning a cross section on a lathe to produce an evenly curved
surface. Less symmetrical objects may be defined by a series of
OBezZer curves.
adding solidity and colour The object then has to be rendered,
which essentially means making it into an image of a solid object.
To do this, the computer needs four types of information. First, the
object has to be lacated in space. Second. it has to be assigned a
colour, specified either by le\els of red. blue and green or b\ lev-
els of hue, saturation, and brigh ird, the it d focal
point of the camera photographing the object have to be specr.ﬁed
— these determine how the object appears on screen, in perspec-
tive. Fourth, the location and type of light sources must be speci-
fied: colour, brighmess and. in the case of spotlighting, the size of
the cone-shaped pool of illumination. 9Ray-tracing, meanwhile,
calculates how the light directed at the object reaches it, with what
intensity, and in what areas. From all this information, the com-
puter can calculate the colour intensity of each pixel making up the
ohject.
light reflection There is another element, too: how the object
itself reflects light. Two techniques model this, each named after its
creator. If the object's surface can be described as a mosaic of poly-
gons, Gourand shading works hy measuring the colour and bright-
ness at the vertices of the polygons and mixing these to get values
for the areas inside them. Phong shading extends this by taking
into account the angle of reflection; it is therefore a more accurate
technique for creating spectacular highlights. Gouraud. hecause it
is simpler. is faster, and there is specialized hardware available for
it; Phong has to be implemented in software. Both methods pro-
duce an object that looks as though it is made of soft, smooth plas-
tic - the smoothness comes from anti-aliasing, a process that
removes the jagged edges or stepped effect which mars the edges
of d lines on a comp display screen.
mapping for realism Mappings are what make the objects look
as though they are made of real-world materials. There are four
main types of mapping: texture, environment, bump, and trans-
parency. Texture is the actual texture of the material the object is
made of: brick, water, wood. and so on. The system essentially
wraps the object in the texture the ani chooses. Envir
mapping adds the reflections on the object's surface of its sur-
roundings: a shiny, round, metal ohject rolling down a hill, for
example, must show accurate reflections of the trees and other
objects it rolls past. Bump mapping takes into account the shape of
the ohject itself and the way this affects reflections and shadings in
its surface colour. Transparency mapping defines what can be seen
through the object, and the distortion :aused by the substance of
the object; this was a key el in the in The
Abyss, which was made of sea water.
Jog and haze Finally, fog and haze are important elements of
computer animation, particularly for backgrounds. as computer-
ized images tend to look too flat and sharp. The introduction of a
little fog hides the sharp edges and makes the scene look more
realistic. This is vital for one of the largest growth areas in com-
puter animation for film and video: simulated flyovers, which are
impossible in live action and expensive and difficult in model work.

animism in anthropology, the belief that everything, whether ani-
mate or inanimate, possesses a soul or spirit. It is a fundamental
system of belief in certain religions, particularly those of some pre-
industrial societies. Linked with this is the worship of natural
objects such as stones and trees, thought to harbour spirits (natur-
ism); fetishism; and ancestor worship.

In psychology and physiology. animism is the view of human per-

sonality that attributes human life and behaviour to a force distinct
from matter. In developmental psychology, an animistic stage in the
early thought and speech of the child has been described, notably
by Swiss psychologist Jean Piaget.

In philosophy. the view that in all things consciousness or some-
thing mindlike exists.

In religious theory, the conception of a spiritual reality behind
the material one: for example, beliefs in the soul as a shadowy
duplicate of the body capable of independent activity, both in life
and death.

anion ion carrying a negative charge. During electrolysis, anions
in the electrolyte move towards the anode (positive electrode).

An electrolyte, such as the salt zinc chloride (ZnCl,), is dissoci-
ated in aqueous solution or in the molten state into doubly charged
Zn?* zinc $cations and singly-charged CI- anions. During electroly-
sis, the zinc cations flow to the cathode (to become discharged and
liberate zinc metal) and the chloride anions flow to the anode.

anise Mediterranean plant belonging to the carrot family, with
small creamy-white flowers in clusters: its fragrant seeds. similar
to liquorice in taste, are used to flavour foods. Aniseed oil is used
in cough medici (Pimpinell i family Umbelliferae.)

annealing controlled cooling of a material to increase ductility
and strength. The process involves first heating a material (usuval-
ly glass or metal) for a given time at a given temperature, followed
by slow cooling. It is a common form of theat treatment.

annelid any segmented worm of the phylum Annelida. Annelids
include earthworms, leeches, and marine worms such as lug-
Worms.

They have a distinct head and soft body, which is divided into a
number of similar segments shut off from one another internally by
membranous partitions. but there are no jointed appendages.
Annelids are noted for their ability to regenerate missing parts of
their bodies.

annihilation in nuclear physics, a process in which a particle and
its ‘mirror image’ particle called an antiparticle collide and disap-
pear, with the creation of a burst of energy.

The energy created is equivalent to the mass of the colliding par-
ticles in accordance with the {mass—energy equation. For example,
an electron and a positron annihilate to produce a burst of high-
energy X-rays.

Not all particle-antiparticle interactions result in annihilation;
the exception concerns the group called ¢mesons, which are com-
posed of $quarks and their antiquarks. See dantimatter.

annotate to add one's own comments to Web pages or graphical
computerized documents such as stored faxes.

annual percentage rate (APR) the true annual rate of interest
charged for a loan. Lenders usually increase the return on their
money by compounding the interest payable on a loan to that loan
on a monthly or even daily basis. This means that each time that
interest is payable on a loan it is charged not only on the initial sum
(principal) but alse on the interest previously added to that princi-
pal. As a result, APR is usually approximately double the flat rate
of interest, or simple interest.

annual plant plant that completes its life cycle within one year.
during which time it germinates, grows to maturity, bears flowers,
produces seed, and then dies.

annual rings or growth rings concentric rings visible on the
wood of a cut tree trunk or other woody stem. Each ring represents
a period of growth when new ¢{xylem is laid down to replace tissue
being converted into wood (secondary xylem). The wood formed
from xylem produced in the spring and early summer has larger
and more numerous vessels than the wood formed from xylem pro-
duced in autumn when growth is slowing down. The result is a
clear houndary between the pale spring wood and the denser,
darker autumn wood. Annual rings may be used to estimate the
age of the plant (see ¢dendrochronology). although occasionally
more than one growth ring is produced in a given year.
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annular eclipse solar peclipse in which the Moon does not com-
pletely obscure the Sun and a thin ring of sunlight remains visible,
Annular eclipses occur when the Moon is at its furthest point from
the Earth.

annulus Latin ‘ring’ in geometry, the plane area between two
concentric circles, making a flat ring.

anode in chemistry, the positive electrode of an electrolytic tcell,
towards which negative particles {anions), usually in solution, are
attracted. See pelectrolysis.

anode in electronics, the positive electrode of a thermionic valve,
cathode ray tube, or similar device, towards which electrons are
drawn after being emitted from the pcathode.

anodizing process that increases the resistance to dcorrosion of a
metal, such as aluminium, by building up a protective oxide layer
on the surface. The natural corrosion resistance of aluminium is
provided by a thin film of aluminium oxide; anodizing increases the
thickness of this film and thus the corrosion protection.

1t is so called because the metal becomes the danode in an elec-
trolytic bath containing a solution of, for example, sulphuric or
chromic acid as the pelectrolyte. During delectrolysis oxygen is pro-
duced at the anode, where it combines with the metal to form an
oxide film.

anomalocaris prehistoric marine predator resembling a crus-
tacean but with a sufter exoskeleton. Up to 2 m in length, it was the
largest animal on Earth when it thrived aronnd 525 million years
ago. See pprehistoric life.

anomalous expansion of water expansion of water as it is
cooled from 4°C to 0°C. This behaviour is nnusual because most
substances contract when they are cooled. It means that water has
a greater density at 4°C than at 0°C. Hence ice floats on water, and
the water at the bottom of a pool in winter is warmer than at the
surface. As a result lakes and ponds freeze slowly from the surface
downwards, usually remaining liquid near the bottom, where
aquatic life is more likely to survive.

anonymous FTP (file transfer protocol) method of retrieving a
file from a remote computer without having an account on that
computer. Many organizations, such as universities and software
companies, maintain publicly accessible archives of files that may
be retrieved across the Internet via 9FTP. An ordinary user who is
not affiliated to the organization may retrieve files by entering the
FTP address and then typing in either ‘anonymous’ or 'fip’ when
asked for a user-1D or log-in name, followed by the user's e-mail
address in place of a password. These users are typically offered
Haccess privileges to only a small part of the company's stored files,
and the rest may be cordoned off from access by a pfirewall.

anonymous remailer service that allows Internet users to post
to USENET and send e-mail without revealing their true identity or
e-mail address. To send an anonymous message, a user first sends
the message to the remailer, which strips all identifying informa-
tion from the message before sending it on to its specified destina-
tion, identified only as coming from the anonymous server.

‘The ability to post anonymously also removes user accountabil-
ity, and so these servers are controversial. However, they provide a
useful function on the Net in support groups and other areas where
the ability to post anonymously allows people to speak freely about
confidential matters without the risk of being identified by friends,
family, or anyone else.

The best-known anonymous server, the Finnish anon.penet.fi
was closed down in Aug 1996 as it could no longer guarantee
anonymity following a court case ordering the operator to reveal a
nser's name. The more elaborate servers use encryption to make
the message even more difficult to trace.

anorak term used interchangeably with geek, techie, or nerd. It
derives from the stereotype that all technical people resemble the
stereotypical an ;mk-\vvarmg trainspotter; in other words, that
they are ob >, slightly antisocial, and overly knowledgeahle
about matters that interest very few other people.

anorexia lack of desire to eat, or refusal to eat, especially the
pathological condition of anorexia nervosa, most often found in
adolescent girls and young women. Compulsive eating, or Obulimia,
distortions of body image, and depression often accompany
anorexia.

Anorexia nervosa is characterized by severe self-imposed
restriction of food intake. The consequent weight loss may lead, in
women, to absence of menstruation. Anorexic patients sometimes
commit suicide. Anorexia nervosa is often associated with
increased physical activity and symptoms of mental disorders.
Psychotherapy is an important part of the treatment.

anoxia or hypoxia in biology, deprivation of oxygen, a condition
that rapidly leads to collapse or death, unless immediately reversed.

ANSI abbreviation for American National Standards Institute, ba
US national standards body.

ant insect belonging to the family Formicidae, and to the same
order (Hymenoptern) as bees and wasps. Ants are characterized by
a P waist and elb d About 10,000 different
species are known; all are social in habit, and al} construct nests of
various kinds. Ants are found in all parts of the world, except the
polar regions. It is estimated that there are about 10 million billion
ants.

Ant behaviour is complex, and serves the colony rather than the
individual. Ants find their way by light patterns, gravity (special
sense organs are Jocated in the joints of their legs), and chemical
trails between food areas and the nest.
specialized roles Communities include workers, sterile, wingless
females, often all alike, although in some species large-headed ‘sol-
diers’ are differentiated; fertile females, fewer in number and usu-
ally winged; and males, also winged and smaller than their con-
sorts, with whom they leave the nest on a nuptial llight at certain
times of the year. After aerial mating, the males die, and the fertil-
ized queens lose their wings when they settle, laying eggs to found
their own new colonies. The eggs hatch into wormlike larvae,
which then pupate in silk cocoons before emerging as adults.
remarkable species Some species conduct warfare. Others are
pastoralists, tending herds of daphids and collecting a sweet secre-
tion (‘honeydew’) from them. Army (South American) and driver
(African) ants march dically in huge devouring even
tethered animals in their path. Leaf-cutter ants, genus Atta, use
pieces of leaf to grow edible fungus in underground ‘gardens’
which can be up to 5 nv16 ft deep and cover hundreds of square
metres. Weaver ants, genus Oecophylla, use their silk-producing
larvae as living shuttles to bind the edges of leaves together to form
the nest. Eurasian robber ants Formica sarguirea raid the nests of

ant With a length of over 30 mm/1.2 in, this Diponera

species ant from the rainforests of South America is among the
giants of its kind. Like most members of its primitive subfamily
Ponerinae, it forages singly rather than in bands and the nests

generally contain only a few dozen individuals.
wildlife

Premaphotos
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another ant species, Formica fusca, for pupae, then use the adults
as ‘slaves’ when they batch. Among honey ants, some workers
serve as distended honey stores.

antacid any substance that neufralizes stomach acid, such as
sodium bicarbonate or magnesium hydroxide (‘milk of magnesia’).
Antacids are weak Obases, swallowed as solids or emulsions.
They may be taken between meals 10 relieve symptoms of hyper-
acidity, such as pain, bloating, nausea, and ‘heartburn’. Excessive
or prolonged need for antacids should be investigated medically.

antagonist in biology, a muscle that relaxes in response to the
contraction of its agonist muscle. The biceps, in the front of the
upper arm, bends the elbow whilst the triceps, lying behind the
biceps, straightens the arm.

antagonistic muscles in the body, a pair of muscles allowing
coordinated movement of the skeletal joints. The extension of the
arm, for example, requires one set of muscles 10 relax, while
another set contracts. The individual components of antagonistic
pairs can be classified into extensors (muscles that straighten a
limb) and flexors (muscles that bend a limb).

tendon
\ biceps
(cpntracted)

~tendon

triceps
(relaxed)

tendon - ol

biceps
triceps —— (relaxed)

(contracted)
tendon —— —

antagonistic muscle Even simple movements such as bending and
straightening the arm require muscle pairs to contract and refax
synchronously.

Antarctic Circle imaginary line that encircles the South Pole at
latitude 66° 32’ S. The line encompasses the continent of Antarctica
and the Antarctic Ocean.

The region south of this line experiences at least one night in the
southern summer during which the Sun never sets, and at least one
day in the southern winter during which the Sun never rises.

Antares or Alpha Scorpii brightest star in the constellation
Scorpius and the 15th brightest star in the sky. It is a red super-
giant several hundred times larger than the Sun and perhaps
10,000 times as luminous, lies about 300 light years away, and Muc-
tuates slightly in brightness.

anteater mammal of the family Myrmecophagidae, order
Edentata, native 10 Mexico, Central America, and tropical South
America. The anteater lives almost entirely on ants and termites. It
has toothless jaws, an extensile tongue, and claws for breaking into
the nests of its prey.

Species include the giant anteater Myrmecophaga tridactyla,
about 1.8 m/6 ft long including the tail, the tamandua or collared
anteater Tamandua tetradactyla, about 90 cm/3.5 ft long, and the
silky anteater Cyclopes didactyla, about 35 cm/14 in long. The
name is also incorrectly applied to the aardvark, the echidna, and
the paungolin.

antelope any of numerous kinds of even-toed, hoofed mammals
belonging to the cow family, Bovidae. Most antelopes are lightly
built and good runners. They are grazers or browsers, and chew
the cud. They range in size from the dik-diks and duikers, only 30
cmy/1 ft high, to the eland, which can be 1.8 nv/6 ft at the shoulder.
The majority of antelopes are African, including the eland,
wildebeest, kudu, springbok, and waterbuck, although other
species live in parts of Asia, including the deserts of Arabia and the
Middle East. The pronghorn antelope Antilocapra americana of
North America belongs to a different family, the Antilocapridae.

antenatal in medicine, before birth. Antenatal care refers to
health services provided to ensure the health of pregnant women
and their babies.

antenna in radio and television, another name for paerial.

antenna in zoology, an appendage (‘feeler’) on the head. Insects,
centipedes, and millipedes each have one pair of antennae but
there are twa pairs in crustaceans, such as shrimps. In insects, the
antennae are involved with the senses of smell aud touch; they are
frequently complex structures with large surface areas that
increase the ability to detect scents.

anterior in biology, the front of an organism, usually the part that
goes forward first when the animal is moving. The anterior end of
the nervous system, over the course of evolution, has developed
into a brain with associated receptor organs able to detect stimuli
including light and chemicals.

anther in a flower, the terminal part of a stamen in which the
opollen grains are produced. It is usually borne on a slender stalk
or filament, and has two lobes, each containing two chambers, or
pollen sacs, within which the pollen is formed.

antheridium organ producing the male gametes, Hantherozoids,
in algae, bryophytes (mosses and liverworts), and pteridophytes
(ferns, club mosses, and horsetails). 1t may be either single-celled,
as in most algae, or multicellular, as in bryophytes and pterido-
phytes.

antherozoid maotile (or independently moving) male gamete pro-
duced by algae, bryophytes (mosses and liverworts), pteridophytes
(ferns, club mosses, and horsetails), and some gymnosperms
(notably the cycads). Antherozoids are formed in an antheridium
and, after being released, swim by means of one or more pflagella,
to the female gametes. Higher plants have nonmotile male gametes
contained within dpollen grains.

anthracene white, glistening, crystalline, tricyclic. aromatic
hydrocarbon with a faint blue fluorescence when pure. Its melting
point is about 216°(/421°F and its boiling point 351°(/664°F. 1t
oceurs in the high-boiling-point fractions of coal tar, where it was
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discovered in 1832 by the French chemists Auguste Laurent
(1808-1853) and Jean Dumas (1800-1884).

anthracite from Greek anthrax, ‘coal’ hard, dense, shiny variety
of Heoal, containing over 90% carbon and a low percentage of ash
and impurities, which canses it to burn withont flame, smoke, or
smell. Because of its purity, anthracite gives off relatively little sul-
phur dioxide when burnt.

Anthracite gives intense heat, but is slow-burning and slow to
light; it is therefore unsnitable for use in open fires. Its character-
istic composition is thought to be due to the action of bacteria in
disintegrating the coal-forming material when it was laid down
during the pCarboniferons period.

Among the chief sources of anthracite coal are Pennsylvania in
the USA; S Wales, UK; the Donbas, Ukraine and Russia; and Shanxi
province, China.

anthrax disease of livestack, occasionally transmitted to humans,
usually via infected hides and fleeces. It may develop as black skin
pustules or severe pneumonia. Treatment is with antibiotics.
Vaccination is effective.

Anthrax is caused by a bacillus (Bacillus anthracis). In the 17th
century, some 60,000 cattle died in a European pandemic known as
the Black Bane, thonght to have been anthrax. The disease is
described by the Roman poet Virgil and may have been the cause
of the biblical fifth plague of Egypt.

anthropic principle in science, the idea that ‘the universe is the
way it is because if it were different we would not be here to
abserve it". The principle arises from the observation that if the
laws of science were even slightly different, it would have been
impossible for intelligent life to evolve. For example, if the electric

antenna The antennae of some male moths are capable of picking
up incredibly low concentrations of airborne female sex
pheromones at distances of several kilometres. This picture shows
the enormous antennae of the American moon moth

Actias luna (Saturniidae) Premaphotos Wildlife

http://www.outbreak.org/cgi-unreg/
dynaserve.exe/cb/anthrax.html

Basic medical details of the livestock disease and biclogical weapon
anthrax. The Web site contains brief sections covering characteristics
of the disease, the symptoms it causes, cautions and precautions,
first aid therapy for victims of the disease, and a list of
neutralization and decontamination methods.

charge on the electron were ouly slightly different, stars would
have been unable to burn hydrogen and produce the chemical ele-
ments that make up our bodies. Scientists are undecided whether
the principle is an insight into the nature of the universe or a piece
of circular reasoning.

Man appears to be the missing link between anthropoid apes
and human beings.

KOoNRAD LORENZ Austrian zaolagist.
The New York Times Magazine 11 April 1965

anthropoid Greek anthropes ‘man’, eidos ‘resemblance’ any
primate belonging to the suborder Anthropoidea, including mon-
keys, apes, and bumans.

You will die but the carbon will not; its career does not end with
you ... it will return to the soil, and there a plant may toke it up
aguain in time, sending it ance mare on a cycle of plant and
animal life.

Jacos Polish-born British scientist, broad and writer.
‘Biography of an Atom - and the Universe New York Times 13 Oct 1968

anthropology Greek anthropos ‘man’, logos ‘discourse’ the
study of humankind. It investigates the cultural, social, and physi-
cal diversity of the human species, both past and present. It is
divided into two broad categories: biological or physical anthropol-
ogy, which attempts to explain human biological variation from an
evolutionary perspective; and the larger field of social or cultural
anthropology, which attempts to explain the variety of human cul-
tures. This differs from logy in that anthropologists are con-
cerned with cultures and societies other than their own.
biological anthropology Biological anthropology is concerned
with human (palaeontology. primatology, human adaptation,
demography, dpopulation genetics, and human growth and devel-
opment.

social anthropolegy Social or cultural anthropology is divided
into three subfields: sacial or cultural anthropology proper,
pprehistory or prehistoric archaelogy. and anthropological linguis-
tics. The term ‘anthropology’ is frequently used to refer solely to
social anthropology. With a wide range of theoretical perspectives
and topical interests, it overlaps with many other disciplines. 1t is a
uniquely Western social science.

participant observation Anthropology’s primary method involves
the researcher living for a year or more in another culture, speak-
ing the local language and participating in all aspects of everyday
life; and writing about it afterwards. By comparing these accounts,
anthropologists hape to understand who we are.

anthropometry science dealing with the measurement of the
human body, particularly stature, body weight, cranial capacity,
and length of limbs, in of living populati as well as the
remains of buried and fossilized humans.

anti-aliasing in computer graphics, a software technique for
diminishing paliasing (‘jaggies’) — steplike lines that should be
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smooth. Jaggies occur because the output device, the monitor or
printer, does not bave a high enough resolution to represent a
smooth line. Anti-aliasing reduces the prominence of jaggies by
surrounding the steps mlh intermediate shades of grey (for grey-
scaling devices) or colour (for colour devices). Although this

are not known, convex upward folded rocks are referred to as
antiforms.
The fold of an anticline may be undulating or steeply curved. A
stephke bend in otherwise gently dxppmg or horizontal beds is a
The opposite of an anticline is a dsyncline.

reduces the jagged appearance of the lines, it also makes them
fuzzier.

ANTIBIOTICS: HOW DO ANTIBIOTICS WORK

http://ericir.syr.edu/Projects!
Newton/12/Lessons/antibiot.html

Introduction to the use and importance of antibiotics in easy to
understand language. The site also includes a giossary of scientific
and difficult terms, a further reading list, and an activities sheet.

antibiotic drug that kills or inhibits the growth of bacteria and
fungi. 1t is derived from living organisms such as fungi or bacteria,
which distinguishes it from synthetic antimicrobials.

The earliest antibiotics. the penicillins, came into use from 1941
and were quickly joined by chloramphenicol. the ¢cephalosporins,
erythromycins. tetracyclines, and aminoglycosides. A range of
broad-spectrum antibiotics, the 4-quinolones, was developed 1989,
of which ciprofloxacin was the first. Each class and individual antibi-
otic acts in a different way and may be effective against either a
broad spectrum or a specific type of disease-causing agent. Use of
antibiotics has become more selective as side effects. such as toxici-
ty, allergy, and resistance, have become better understood. Bacteria
have the ability to develop resistance following repeated or subclin-
ical (insufficient) doses, so more advanced and synthetic antibiotics
are continually required to overcome them.

http://www.antibodyresource.com/

Fascinating annotated access site for all you could ever want to
know about antibodies and some you'd rather not! This site
contains several educational resources (aimed at university level),
but also contains images, animations, and descriptions of research
into many different types of antibodies.

antibody protein molecule produced in the blood by
olymphocytes in response to the presence of foreign or invading
substances ($antigens); such substances include the proteins car-
ried on the surface of infecting microorganisms. Antibody produc-
tion is only one aspect of dimmunity in vertebrates.

Each antibody acts against only one kind of antigen, and com-
bines with it to form a ‘complex’. This action may render antigens
harmless, or it may destroy microorganisms by setting off chemical
changes that cause them to self-destruct.

In other cases, the formation of a complex will cause antigens to
form clumps that can then be detected and engulfed by white blood
cells, such as 9macrophages and )phagocytes.

Each bacterial or viral infection will bring about the manufac-
ture of a specific antibody, which will then fight the disease. Many
diseases can only be contracted once because antibodies remain in
the blood after the infection has passed. preventing any further
invasion. Vaccination boosts a person’s resistance by causing the
production of antibodies specific to particular infections.

Antibodies were discovered 1890 by German physician Emil von
Behring and Japanese bacteriologist Shibasaburo Kitasato.

Large quannues of specific antibodies can now he obtained by

the ique (see d lonal antibody).

anticline in geology. rock layers or beds folded to form a convex
arch (seldom preserved intact) in which older rocks comprise the
core. Where relative ages of the rock layers. or stratigraphic ages,

anticlockwise direction of rotation, opposite to the way the hands
of a clock turn.

anticoagulant substance that inhibits the formation of blood
clots. Common anticoagulants are heparin, produced by the liver
and some white blood cells, and derivatives of coumarin.
Anticoagulants are used medically in the prevention and treatment
of thrombosis and heart attacks. Anticoagulant substances are also
produced by blood-feeding animals, such as mosquitoes, leeches,
and vampire bats, to keep the victim's blood flowing.

Most anticoagulants prevent the production of thrombin, an
enzyme that induces the formation from blood plasma of fibrino-
gen, to which blood platelets adhere and form clots.

anticyclone area of high atmospheric pressure caused by
descending air, which becomes warm and dry. Winds radiate from
a calm centre, taking a clockwise direction in the northern hemi-
sphere and an anticlockwise direction in the southern hemisphere.
Anticyclones are characterized by clear weather and the absence
of rain and violent winds. In summer they bring hot, sunny days
and in winter they bring fine, frosty spells, although fog and low
cloud are not uncommon in the UK. Blocking anticyclones, which
prevent the normal air circulation of an area, can cause summer
droughts and severe winters.

antidepressant any drug used to relieve symptoms in depressive
illness. The two main groups are the tricyclic antidepressants
(TCADs) and the ine oxidase inhibi (MAOIs), which act
by altering chemicals available to the central nervous system. Both
may produce serious side effects and are restricted.

anti-emetic any substance that counteracts nausea or vomiting.

antiferromagnetic material material with a very low magnetic
¢susceptibility that increases with temperature up to a certain tem-
perature, called the yNéel temperature. Above the Néel tempera-
ture, the material is only weakly attracted to a strong magnet.

antifreeze substance added to a water-cooling system (for exam-
ple, that of a car) to prevent it freezing in cold weather.

antigen any substance that causes the production of jantibodies
by the body's immune system. Common antigens include the pro-
teins carried on the surface of bacteria, viruses. and pollen grains.
The proteins of incompatible blood groups or tissues also act as
antigens, which has to be taken into account in medical procedures
such as blood transft and organ tra

antihistamine any substance that counteracts the effects of
Ohistamine. Antihistamines may occur naturally or they may be
synthesized.

H, antihistamines are used to relieve allergies, alleviating symp-
toms such as runny nose, itching, swelling, or asthma. H, antihist-
amines suppress acid production by the stomach, and are used in
the treatment of peptic ulcers, often making surgery unnecessary.

antiknock substance added to tpetrol to reduce knocking in car
engines. 1t is a mixture of dibromoethane and tetraethyl lead. Its
use in leaded petrol has resulted in atmospheric pollution by lead
compounds.

antilogarithm or antilog the inverse of $logarithm, or the num-
ber whose logarithm to a given base is a given number. If y =log a
x. then x = antilog a

antimatter in physics, a form of matter in which most of the
attributes (such as electrical charge, magnetic moment. and spin)
of (elementary particles are reversed. Such particles
{yantiparticles) can he created in particle accelerators, such as
those at 9CERN in Geneva, Switzerland, and at (Fermilab in the
USA. In 1996 physicists at CERN created the first atoms of anti-
matter: nine atoms of aniihydrogen survived for 40 nanoseconds.
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When, in 1969, the US Surgeon-General announced that we could
soon ‘close the book’ on infectious diseases, he was speaking
prematurely. For already, two years earlier, first reports had
surfaced of penicillin resistance developing in Pneumococcus, a
bacterium which causes a number of potentially fatal diseases,
including pneumonia and meningitis. Within little more than a
decade, epidemics of pneumococcal disease were breaking out in
many countries.

In 1995, when workers from the Centers for Disease Control in
Atlanta looked at samples taken from patients with severe
pneumonia, they found that a quarter had been hit by
pneumococcal (Staphylococcus pneumoniae) strains resistant to
penicillin; some 15 % were also resistant to erythromycin. Today,
growing resistance of this and other organisms to antibiotics is a
global public health problem.

Rise of the superbugs

Bacteria vary greatly in their sensitivity to antibiotics, and there is
no such thing as a ‘magic bullet’ with blanket activity against all
pathogens. The trouble is that, after more than half a century of
antibiotic use, bacteria are mutating faster than new drugs can be
found. The growth of super-resistance is being hastened by the
indiscriminate use of antibiotics, including over-prescribing.

In the developed world, the danger is greatest in hospitals,
where people are already very sick. Currently some 14,000
Americans are dying each year from hospital-acquired infections
caused by resistant bacteria. Most at risk are people whose
immune systems are in some way impaired, including the very
young or the frail elderly, AIDS patients, organ transplant
recipients, and patients receiving chemotherapy for cancer.

Most notorious of the so-called ‘superbugs’ stalking hospital
floors is methicillin-resistant Staphylococcus aureus (MRSA), a
pathogen with an awesome talent for acquiring resistance traits
from its microscopic neighbours. So far outbreaks of MRSA, which
can cause temporary closure of operating rooms and intensive care
units, have been met with vancomycin, a ‘last resort’ antibiotic
normally reserved for tife-threatening infections. But in spring of
1997, the Japanese reported the most convincing evidence yet of
the appearance of vancomycin-resistant strains.

The Japanese report brings one step closer the spectre of the
unstoppable ‘superbug’ overrunning hospitals. In fact,
microbiologists have been predicting just this scenario, not feast
because strains of the intestinal bacterium Enterococcus have for
some time been defying all existing antibiotics, including
vancomycin and the closely related teicoplanin. In the laboratory,
it has been shown that genes for resistance can pass from
Enterococcus to the more deadly S. aureus by plasmid transfer.

It was fear of an epidemic of untreatable infections that
prompted the recent European ban on avoparcin, a drug
administered to farm animals to promote growth. The rationale
for antibiotic use in this context is that it improves feeding
efficiency. However, avoparcin is close in chemical structure to
vancomycin, and many scientists argue that its use as a growth
promoter in livestock creates a potential reservoir of vancomycin-
resistant bacteria that would be transmissible to human beings.

Return of old-time diseases
The phenomenon of super-resistance means also that many one-
time killer diseases, including tuberculosis (TB), typhoid, cholera,

Antibiotic Resistance: a Rising Toll

and diphtheria, are returning in force. TB, always a major
problem in the Third World, is the biggest threat, since now it is
making a comeback in countries where previously it had been
brought under control. Moreover, some strains of the bacterium
have become resistant. Parts of the US worst affected are
deprived inner-city areas such as Newark, New Jersey, and
Brooklyn, the Bronx, and Harlem in New York, where resistance
is widespread.

A big factor in the spread of multi-drug-resistant tuberculosis
(MDRTB) has been the failure of control programs in the
industrialized countries, including the US. This has meant that
many patients starting out on medication lapse before the six-
month course is completed. If a patient carrying a resistant strain
takes only one drug instead of the prescribed combination, or
fails to complete the course, the effect is to promote resistant
strains.

Fresh strategies

Bacteria developing the ability to foil an antibiotic can become
permanently resistant, according to researchers at Emory
University in Atlanta. They demonstrated this in another rising
superbug, Escherichia coli, which causes gastrointestinal
infections. This finding implies that, contrary to what many
doctors previously believed, reducing antibiotic use will not
eliminate resistant strains.

While the quest for new drugs to fight infection is now
paramount, many researchers are developing fresh strategies.
These include: tinkering with the structure of antibiotics to add
in helper molecules; seeking to disable genes for resistance; and
developing laser-activated chemical compounds to blitz the
superbugs. Some teams, too, are reviving the old idea of turning
bacteriophages (bacteria-eating viruses) loose on resistant
bacteria.

All these strategies and more may be needed to overcome the
rising toll exacted by antibiotic resistance. Certainly, with
infectious diseases claiming more than 17 million lives a year
worldwide, we are still no nearer to "closing the book’.

Mechanisms of resistance

Bacteria may be naturally resistant to some antibiotics, or
resistance may be acquired, mostly by the phenomenon of
plasmid transfer. A plasmid is a free-floating fragment of DNA
adrift in the cell cytoplasm. It carries some genetic material,
including data governing the cell's resistance to antibiotics.
Plasmids can be transmitted from one bacterium to another.

Occasionally resistance may be due to spontaneous mutation,
which is the result of an error in replication of the cell's nuclear
material during reproduction. Further reproduction causes the
development of a resistant strain.

Bacteria demonstrate resistance in two ways. One way is by
producing enzymes that disable drugs. A drug-defying enzyme is
not always expressed by the organism targeted by therapy. The
normally innocuous Staphylococcus epidermidis produces an
enzyme that disables penicillin before it can act against harmful
staphylococcal species; or some bacteria can contrive metabolic
changes that foil the action of drugs. Sulphonamides -
antibacterialsintroduced before the discovery of antibiotics - are
often defeated by these metabolic readjustments on the part of
bacteria.

antimony silver-white, brittle, semimetallic clement (a metal-
laid), symbal Sb (fram Latin stibium), atomic number 51, relative
atomic mass 5. It accurs chiefly as the ore stibnite, and is
psed to make alloys harder; it is alsa used in photosensitive sub-
stances in colour photography, optical electronics, fireproofing,

pigment, and medicine. It was employed by the ancient Egyptians
in a mixture to protect the eyes fram flies.

antinode in physics, the position in a (standing wave pattern at
which the amplitude of vibration is greatest (compare pnade). The
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standing wave of a stretched string vibrating in the fundamental
mode bas one antinode at its midpoint. A vibrating air column in a
pipe has an antinode at the pipe's open end and at the place where
the vibration is produced.

anti-oxidant any substance that prevents deterioration of fats,
oils, paints, plastics, and rubbers by oxidation. When used as food

(sponges) and the platyhelminths (flatworms), which have a mouth
ouly.

1t is normally kept closed by rings of muscle called sphincters.
The commonest medical condition associated with the anus is
haemorrhoids (piles).

anxiety unpleasant, distressing emotion usually to be distin-

additives, anti-oxidants prevent fats and oils from b g rancid
when exposed to air, and thus extend their shelf life.

Vegetable oils contain natural anti-oxidants, such as vitamin E,
which prevent spoilage, but anti-oxidants are nevertheless added
to most oils. They are not always listed on food labels because if a
food manufacturer buys an oil to make a food product, and the oil
has anti-oxidant already added, it does not have to be listed on the
label of the product.

antiparticle in nuclear physics, a particle corresponding in mass
and properties to a given pelementary particle but with the oppo-
site electrical charge, magnetic properties, or coupling to other
fundamental forces. For example, an electron carries a negative
charge whereas its antiparticle, the positron, carries a positive one.
When a particle and its antiparticle collide, they destroy each other,
in the process called ‘annihilation’, their total energy being con-
verted to lighter particles and/or photons. A substance consisting
entirely of antiparticles is known as pantimatter.

antipodes Greek ‘opposite feet’ places at opposite points on the
globe.

antipyretic any drug, such as aspirin, used to reduce fever.

antirrhinum any of several plants in the figwort family, including
the snapdragon (Antirrhinum majus). Foxgloves and toadflax are
relatives. Antirrhinums are native to the Mediterranean region and
W North America. (Genus Antirrhinum, family Scrophulariaceae.)

antiseptic any substance that kills or inhibits the growth of
microorganisms. The use of antiseptics was pioneered by Joseph
Lister. He used carbolic acid (9phenol), which is a weak antiseptic;
antiseptics such as TCP are derived from this.

antitussive any substance administered to suppress a cough.
Coughing, however, is an important reflex in clearing secretions
from the airways; its suppression is usnally nnnecessary and pos-
sibly harmful, unless damage is being done to tissue during exces-
sive coughing spasms.

antivirus software computer program that detects (viruses
and/or cleans viruses from an infected computer system. There are
many types of antivirus software. Scanners check a computer sys-
tem and detect viruses; these must be updated regularly, as new
viruses are written and released. Other ntilities allow a user to edit
the data on hard and lloppy dises directly or repair system damage.
Still other types, which may come with specialized hardware, func-
tion by detecting and blocking changes 1o files or system activities
which are typical of how viruses behave.

antler ‘horn’ of a deer, often branched, and made of bone rather
than horn. Antlers, unlike true horns, are shed and regrown each
year. Reindeer of both sexes grow them, but in all other types of
deer, only the males have antlers.

During growth the antler is covered by a sensitive, hairy skin,
known as ‘velvet’, which dries up and is rubbed off when maturity
is attained. The number and complexity of the branches increase
year by year.

ant lion larva of one of the insects of the family Myrmeleontidae,
order Neuroptera, which traps ants by waiting at the bottom of a
pit dug in loose, sandy soil. Ant lions are mainly tropical, but also
occur in parts of Europe, where there are more than 40 species,
and in the USA, where they are called doodlebugs.

anus or anal canal the opening at the end of the alimentary canal
that allows undigested food and other waste materials to pass out
of the body, in the form of faeces. In humans, the term is also used
to describe the last 4 cm/1.5 in of the alimentary canal. The anus
is found in all types of multicellular animal except the coelenterates

ished from fear. Fear is aroused by the perception of actual or
threinened danger; anxiety arises when the danger is imagined or
cannot be identified or clearly perceived. It is a normal response in
stressful sitnations, but is frequently experienced in many mental
disorders.

Anxiety is experienced as a feeling of suspense, helplessness, or
alternating hope and despair together with excessive alertness and
characteristic bodily changes such as tightness in the throat, dis-
turbances in breathing and heartbeat, sweating, and diarrhoea.

In psychiatry, an anxiety state is a type of neurosis in which the
anxiety either seems to arise for no reason or else is out of propor-
tion to what may have caused it. ‘Phobic anxiety’ refers to the irra-
tional fear that characterizes )phobia.

AOL abbreviation for fAmerica Online; the UK version of the US
service.

aorta the body's main partery, arising from the left ventricle of the
heart in birds and mammals. Carrying freshly oxygenated blood, it
arches over the top of the heart and descends through the trunk,
finally splitting in the lower abdomen to form the two iliac arteries.
Loss of elasticity in the aorta provides evidence of patherosclerosis,
which may lead to heart disease.

In fish a ventral aorta carries deoxygenated blood from the heart
to the pgills, and the dorsal aorta carries oxygenated blood from
the gills to other parts of the body.

a.p. in physics, abbreviation for atmospheric pressure.

Apache Point Observatory US observatory in the Sacramento
Mountains of New Mexico containing a 3.5-m/138-in reflector,
opened 1994, and operated by the Astrophysical Research
Consortium (the universities of Washington, Chicago, Princeton,
New Mexico, and Washington State).

apastron the point at which an object travelling in an elliptical
orbit around a star is at its furthest from the star. The term is usu-
ally applied to the position of the minor component of a pbinary
star in relation to the primary. Its opposite is Operiastron.

calcium mineral, Ca5(P0,),(F.0H,Cl.
Apaute has a hexagonal structure and occurs widely in igneous
rocks, such as pegmatite, and in contact metamorphic rocks, such as
marbles. It is used in the manufacture of fertilizer and as a source of
phosphorus. Carbonate hydroxylapatite, Ca;(P0,C03)5(0H),, is the
chief constituent of tooth enamel and, together with other related
phosphate minerals, is the inorganic coustituent of bone. Apatite
ranks 5 on the pMohs' scale of hardness.

hoenh

apatosaurus large plant-eating dinosanr, formerly called bron-
tosaurus, which flourished about 145 million years ago. Up to 21
m/69 ft long and 30 tonnes in weight, it stood on four elephantlike
legs and had a long tail, long neck, and small head. It probably
snipped off low-growing vegetation with peglike front teeth, and
swallowed it whole to be ground by pebbles in the stomach.

ape oprimate of the family Pongidae, closely related to humans,
including gibbon, orang-utan, chimpanzee, and gorilla.

Ifit is true that we have sprung from the ape, there are
oceasions when my own spring appears not to have been very
Sfar.

CoRNELIA OTIS SKINNER US writer and actress.
The Ape in Me, title essay

Ape City Yerkes Regional Primate Center, Atlanta, Georgia,
where large numbers of primates are kept for physiological and
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psychological experiment. A major area of research at Ape City is
language.

aperture in photagraphy, an opening in the camera that allows
light to pass through the lens to strike the film. Controlled by the
iris diaphragm, it can be set mechanically or electronically at var-
ious diameters.

The aperture ratio or relative aperture, more commonly known
as the pf-number, is a number defined as the focal length of the lens
divided by the effective diameter of the aperture. A smaller f-num-
ber implies a larger diameter lens and therefore more light avail-
ahle for high-speed photography, or for work in poorly illuminated
areas. However, small f-numbers involve small deptbs of focus.

aperture synthesis in astronomy, a technique used in pradio
astronomy in which several small radio dishes are linked together
to simulate the performance of one very large radio telescope,
which can be many kilometres in diameter. See pradio telescope.

apex the highest point of a triangle, cone, or pyramid - that is, the
vertex (corner) opposite a given base.

NATIONAL APHASIA ASSOCIATION

http://www.aphasia.org/

US-based site with a lot of straightforward information about
aphasia; for example, there is a page of important facts and a
true/false quiz. The site also contains information about current
research and links to support groups for sufferers, their friends, and
families.

aphasia general term for the many types of disturbance in lan-
guage that are due to brain damage, especially in the speecb areas
of the dominant hemisphere.

aphelion the point at which an object, travelling in an elliptical
orbit around the Sun, is at its furthest from the Sun. The Earth is
at its aphelion on 5 July.

aphid any of the family of small insects, Aphididae, in the order
Hemiptera, suborder Homoptera, that live by sucking sap from
plants. There are many species, often adapted to particular plants;
some are agricultural pests.

aphid A colony of aphids Cavariella konoi, commanly known as
greenfly, feeding on green stems of the almond willow. Ants often
attend such colonies to feed on the honeydew (a sweet, sticky
substance) that aphids excrete. Premaphotos Wildlife

In some stages of their life cycle, wingless females rapidly pro-
duce large numbers of live young by pparthenogenesis, leading to
enormous infestations, and numbers can approach 2 billion per
hectare/1 billion per acre. They can also cause damage by trans-
mitting viral diseases. An aphid that damages cypress and cedar
trees appeared in Malawi in 1985 and by 1991 was attacking mil-
lions of trees in central and E Africa. Some research suggests, how-
ever, that aphids may help promote fertility in the soil through the
waste they secrete, termed ‘honeydew’. Aphids are also known as
plant lice, greenflies, or blackflies.

aphrodisiac from Aphrodite, the Greek goddess of love any
substance that arouses or increases sexual desire.

AP abbreviation for dApplications Program Interface, a standard
environment in which computer programs are written.

apogee the point at which an object, travelling in an elliptical
orbit around the Earth, is at its furthest from the Earth.

Apollo asteroid member of a group of pasteroids whose orbits
cross that of the Earth. They are named after tbe first of their kind,
Apollo, discovered in 1932 and then lost until 1973. Apollo aster-
oids are so small and faint that they are difficult to see except when
close to Earth (Apollo is about 2 km/1.2 mi across).

Apollo project US space project to land a person on the Moon,
achieved 20 July 1969, when Neil Armstrong was the first to set
foot there. He was accompanied on the Moon's surface by ‘Buzz’
Aldrin; Michael Collins remained in the orbiting command module.

The programme was announced in 1961 by President Kennedy.
The world's most powerful rocket, Saturn V, was built to launch the
Apollo spacecraft, which carried three astronauts. When the space-
craft was in orbit around the Moon, two astronauts would descend
to the surface in a lunar module to take samples of rock and set up
experiments that would send data back to Earth. After three other
preparatory flights, Apollo 11 made the first lunar landing. Five
more crewed landings followed, the last in 1972. The total cost of
the programme was over $24 billion.

APOLLO 11

http://www.nasa.gov/hgpao/
apollo_11.html

This NASA page relives the excitement of the Apollo 71 mission,
with recollections from the participating astronauts, images, audio
clips, access to key White House documents, and a bibliography.

Apollo-Soyuz test project joint US-Soviet space mission in
which an Apollo and a Soyuz craft docked while in orbit around the
Earth on 17 July 1975. The craft remained attached for two days
and crew members were able to move from one craft to the other
through an airlock attached to the nose of the Apollo. The mission
was designed to test rescue procedures as well as having political
significance.

apoptosis or cell suicide a cell's destruction of itself. All cells
contain gencs that cause them to self-destruct if damaged, dis-
eased, or as part of the regulation of cell numbers during the
organism's normal development. Many cancer cells have mutations
in genes controlling apoptosis, so understanding apoptosis may
lead to new cancer treatments where cells can be instructed to
destroy themselves.

During apoptosis, a cell first produces the enzymes needed for
self-destruction before shrinking to a characteristic spherical
shape with balloon-like bumps on its outer surface. The enzymes
break down its contents into small fragments which are easily
digestible by surrounding cells.

aposematic coloration in biology, the technical name for warn-
ing coloration markings that make a dangerous, poisonous, or
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foul-tasting animal particularly conspicuous and recognizable to a
predator. Examples include the yellow and black stripes of bees
and wasps, and the bright red or yellow colours of many poisonous
frogs. See also ¢mimicry.

apothecaries' weights obsolete units of mass, formerly used in
pbarmacy: 20 grains equal ene scruple; three scruples equal one
dram; eight drams equal an apothecary's ounce (0z apoth.), and 12
such ounces equal an apothecary's pound (b apoth.). There are
7,000 grains in one pound avoirdupois (0.454 kg).

apparent depth depih that a transparent material such as water
or glass appears to have when viewed from above. This is less than
its real depth because of the (refraction that takes place when light
passes inte a less dense medium. The ratio of the real depth to the
apparent depth of a transparent material is equal to its frefractive
index.

appendicitis inflammation of the appendix, a small, blind exten-
sion of the bowel in the lower right abdomen. In an acute attack,
the pus-filled appendix may burst, causing a potentially lethal
spread of infection. Treatment is by removal (appendicectomy).

appendix a short, blind-ended tube attached to the fcaecum. It
has no known functien in humans, but in herbivores it may be
large, containing millions of bacteria that secrete enzymes to digest
grass (as no vertebrate can secrete enzymes that will digest cellu-
lose, the main constituent of plant cell walls).

apple fruit of several species of apple tree. There are several hun-
dred varieties of cultivated apples, grown all over the world, which
may be divided into eating, cooking, and cider apples. All are
derived from the wild ¢crab apple. (Genus Malus, family Rosaceae.)

Apple trees grow best in temperate countries with a cool climate
and plenty of rain during the winter. The desired variety is grafted
onto rootstocks, and the tree must grow for six to eight years
before it produces a good crop of fruit. The tree requires a winter
period, in which it is dormant, in order to fruit in the spring, but
must be protected from frost while the flowers and fruit are young.
Pruning is necessary to produce strong branches, and sprays are
used to protect the fruit from pests and to influence its develop-
ment. The apple bas been an important food plant in Europe and
Asia for thousands of years.

Apple US
range of computers.

.

turer of the pMacintosh

company,

applet mini-software application. Examples of applets inclnde
Microsoft WordPad, the simple word processor in Windows 95, or
the single-purpose applications that in 1996 were beginning to
appear on the World Wide Weh, written in Java. These include
small animations, such as a moving ticker tape of stock prices.

Appleton layer or F layer band containing ionized gases in the
Earth's upper atmosphere, at a height of 150-1,000 km/94-625 mi,
above the 0E layer (formerly the Kennelly-Heaviside layer). It acts
as a dependable reflector of radio signals as it is not affected by
atmospheric conditions, although its ionic composition varies with
the sunspot cycle.

The Appleton layer has the highest concentration of free elec-
trons and ions of the atmospheric layers. It is named afier the
English physicist Edward Appleton.

application in computing, a program or job designed for the ben-
efit of the end user, such as a payroll system or a oword Processor.
The term is used to distinguish such programs from those that con-
trol the computer (¢systems programs) or assist the programmer,
such as a gcompiler.

application in mathematics, a curved line that connects a series
of paints (or ‘nodes’) in the smoothest possible way. The shape of
the curve is governed by a series of complex mathematical formu-
lae. Applications are used in gcomputer graphics and 0CAD.

applications package in computing, the set of programs and
related documentation (such as instruction manuals) used in a par-
ticular application. For example. a typical payroll applications
package would consist of separate programs for the entry of data,

updating the master files, and printing the pay slips, plus docu-
mentation in the form of program details and instructions for use.

Applications Program Interface (API) in computing, standard
environment, including tools, protocols, and other routines, in
whicb programs can be written. An APl ensures that all applica-
tions are consisteot with the operating system and have a similar
duser interface.

appropriate technology simple or small-scale machinery and
tools that, because they are cheap and easy to produce and main-
tain, may be of most use in the developing world; for example,
hand ploughs and simple looms. This equipment may be used to
supplement local crafts and traditional skills to encourage small-
scale industrialization.

Many countries suffer from poor infrastructure and lack of cap-
ital but have the large supplies of labour needed for this level of
technology. The use of appropriate technology was one of the rec-
ommendations of the Brandt Commission.

approximation rough estimate of a given value. For example, for
opi (which has a value of 3.1415926 correct to seven decimal
places), 3 is an approximation to the nearest whole number.

APR abbreviation for annual percentage rate.

apricot yellow-flesbed fruit of the apricot tree, which is closely
related to the almond, peach, plum, and cherry. Although native to
the Far East, it has long been cultivated in Armenia, from where it
was introduced into Europe and the USA. (Genus Prunus armenia-
ca, family Rosaceae.)

aquaculture the cultivation of fish and shellfish for human con-
sumption; see ¢fish farming.

aqualung or scuba underwater breathing apparatus worn by
divers, developed in the early 1940s by French diver Jacques
Cousteau. Compressed-air cylinders strapped to the diver's back
are regulated by a valve system and by a mouth tube to provide air
to the diver at the same pressure as that of the surrounding water
(which increases with the depth).

aquamarine blue variety of the mineral tberyl. A semiprecious
gemstone, it is used in jewellery.

aquaplaning phenomenon in which the tyres of a road vehicle
cease to make direct contact with the road surface, owing to the
presence of a thin film of water. As a result, the vehicle cau go ont
of control (particularly if the steered wheels are involved).

aqua regia Latin ‘royal water’ mixture of three parts concen-
trated hydrochloric acid and one part concentrated nitric acid,
which dissolves all metals except silver.

aquarium tank or similar coutainer used for the study and display
of living aquatic plants and animals. The same name is used for
institutions that exhibit aquatic life. These have been common since
Roman times, but the first modern public aquarium was opened in
Regent's Park, London in 1853. A recent development is the acea-
narium or seaquarium, a large display of marine life forms.

Aquarius zodiacal constellation a little south of the celestial equa-
tor near Pegasus. Aquarius is represented as a man pouring water
from a jar. The Sun passes through Aquarius from late Febrnary to
early March. In astrology, the dates for Aquarius, the 11th sign of
the zodiac, are between about 20 January and 18 February (see
oprecession).

aquatic living in water. All life on Earth originated in the early
oceans, because the aquatic environment has several advantages
for organisms. Debydration is almost impossible, temperatures
usually remain stable, and the density of water provides physical
snpport.

Life forms that cannot exist out of water. amphibians that take
to the water on occasions, animals that are also perfectly at home
on land, and insects that spend a stage of their life cycle in water
can all be described as aquatic. Aquatic plants are known as
Ohydrophytes.
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aquatic insect insect that spends all or part of its life in water. Of
the 29 insect orders, 11 members have some aquatic stages. Most
of these have aquatic, immature stages, which usually take place in
fresh water, sometimes in brackish water (very few species are
truly marine); the adults are terrestrial, but in some orders there
are species where all stages (egg, larva, and adult) live in the water.
partially aquatic Three orders, Ephemeroptera (mayflies),
Odonata (dragonflies), and Plecoptera (stone-flies) have aquatic
larvae, but the adults are terrestrial. In the orders Neuroptera
(alder flies), Tricoptera (caddis flies), Lepidoptera (butterflies and
moths), and Diptera (true flies), some species have aquatic larvae,
but the adults of all species are terrestrial. Hymenoptera, the social
insect order which includes the ants and bees, has some aquatic
species of ichneumon fly: immature stages of Agriotypus are aquat-
ic, and adults of Caraphractus and Prestwitchia.

tatally aquatic The order Collembola (springtails) has two species
in which all stages are aquatic: Hydropodura aquatica and Isotoma
palustris. In Hemiptera (bugs), and Coleoptera (beetles), some
members, for example the water bugs, spend all stages of the life-
cycle in the water.

aqueduct any artificial channel or conduit for water, originally
applied to water supply tunnels, but later used to refer to elevated
structures of stone, wood, or ironcarrying navigable canals across
valleys.One of the first great aqueducts was built in 691 BC, carry-
ing water for 80 km/50 mi to Ninevah, capital of the ancient
Assyrian Empire. Many Roman aqueducts are still standing, for
example the one carried by the Pont du Gard at Nimes in S France,
built about 8 BC (48 m/160 ft high).

The largest Roman agneduct, al Carthage in Tunisia, is 141
kn/87 mi long and was built during the reign of Publius Aelius
Hadrianus between AD 117 and 138. A recent aquednct is the
California State Water Project taking water from Lake Oroville in
the north, through two power plants and across the Tehachapi
Mountains, more than 177 km/110 mi to S California.

aqueous humour watery fluid found in the chamber between the
cornea and lens of the vertebrate eye. Similar to blood serum in
composition, it is constantly renewed.

aqueous solution solution in which the solvent is water.

aquifer a body of rock through which appreciable amounts of
water can flow. The rock of an aquifer must be porous and perme-
able (full of interconnected holes) so that it can condnct water.
Aquifers are an important source of fresh water, for example, for
drinking and irrigation, in many arid areas of the world, and are
exploited by the nse of partesian wells.

An aquifer may be underlain, overlain, or sandwiched between
less permeable layers, called aquicludes or aquitards, which
impede water movement. Sand: and porous li make

ARACHNOLOGY

http://dns.ufsia.ac.be/Arachnology/
Arachnology.html

Largely a collection of annotated links, organized under headings
such as taxonomy and classification, palaeontology, poison, bites,
diseases, pests, and phobia. The site also contains spider-related
myths, stories, poems, songs, and art.

arboretum collection of trees. An arboretum may contain a wide
variety of species or just closely related species or varieties — for
example, different types of pine tree.

arbor vitae any of several coniferous trees or shrubs belonging to
the cypress family, with flattened branchlets covered in overlap-
ping aromatic green scales. The northern white cedar (Thuja occi-
dentalis) and the western red cedar (7. plicata) are found in North
America. The Chinese or Oriental species T. orientalis, reaching 18
m/60 ft in height, is widely grown as an ornamental. (Genus Thuja,
family Cupressaceae.)

arbutus any of a group of evergreen shrubs belonging to the
heath family, found in temperate regions. The strawberry tree
(Arbutus unedo) is grown for its ornamental, strawberrylike fruit.
(Genus Arbutus, family Ericaceae.)

arc in geometry, a section of a curved line or circle. A circle has
three types of arc: a semicircle, which is exactly half of the circle;
miner arcs, which are less than the semicircle; and majer arcs,
which are greater than the semicircle.

An arc of a cirele is measured in degrees, according to the angle
formed by joining its twoe ends to the centre of that circle. A semi-
circle is therefore 180°, whereas a minor arc will always be less
than 180° (acute or obtuse) and a major arc will always be greater
than 180° but less than 360° (reflex).

Archaea group of microorganisms that are without a nucleus and
have a single chromosome. All are strict anaerobes, that is, they
are killed by oxygen. This is thonght to be a primitive condition and
1o indicate that Archaea are related to the earliest life forms, which
appeared about 4 billion years ago, when there was little oxygen in
the Earth's atmosphere. They are found in undersea vents, hot
springs, the Dead Sea, and salt pans, and have even adapted to
refuse tips.

Archaea was ong'mally classxﬁed as bacterial, but in 1996 when
the of A hii (an arch that lives
in undersea vents at temperatures around 100°C/212°F) was

the best aquifers.

Aquila constellation on the celestial (se lestial
sphere). Its brightest star is first- |nagmtudc OAltair, ﬂankod by the
stars Beta and Gamma Aquilae. It is represented by an eagle.

Nova Aquilae, which appeared June 1918, shone for a few days
nearly as brightly as Sirins.

arable farming cultivation of crops, as opposed to the keeping of
animals. Crops may be {cereals, vegetables, or plants for produc-
ing oils or eloth. Arable farming generally requires less atiention
than livestock farming. In a pmixed farming system, erops may
therefore be found farther from the farm centre than animals.

arachnid or arachnaid type of arthropod of the class Arachnida,
including spiders, scorpions, ticks, and mites. They differ from
insects in possessing only two main body regions, the cephalotho-
rax and the abdomen, and in having eight legs.

araucaria conifcrons tree related to the firs, with flat, scalelike
needles. Once widespread, it is now native only to the southern
hemisphere. Some grow to gigantic size. Araucarias include the
monkey-puzzle tree (Araucaria araucana). the Australian bunya
bunya pine (A. bidwillii), and the Norfolk Island pine (A. hetero-
phylla). (Genus Araucaria, family Araucariaceae.)

found that 56% of its genes were unlike
those of any other organism, making Archaea unique.

In 1994 US biologists detected archaeans in the Antarctic (where
they make up 30% of the single-celled marine biomass), Arctic,
Mediterranean, and Baltic Sea.

Archaean or Archaeazoic widely used term for the earliest era of
geological time; the first part of the Precambrian Eon, spanning the
interval from the formation of Earth to about 2,500 million years
ago.

archaeology Greek archaia ‘ancient things’, logos ‘study’ study
of prehistory and history, based on the examination of physical
remains. Principal activities include preliminary field (or site) sur-
veys, Gexcavation (where necessary), and the classification,
tdating, and interpretation of finds.

history A museum found at the ancient Sumerian city of Ur indi-
cates that interest in the physical remains of the past stretches
back into prehistory. In the Renaissance this interest gained
momentum among dealers in and collectors of ancient art and was
further stimulated by discoveries made in Africa, the Americas,
and Asia by Furopeans during the period of imperialist coloniza-
tion in the 16th-19th centuries, such as the antiquities discovered
during Napoleon's Egyptian campaign in the 1790s. Romanticism
in Europe stimulated an enthusi for the Idering skull, the
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http://www.archaeology.org/

Online edition of the prestigious journal of the Archaeological
Institute of America. The well-written articles give a glimpse of the
range of archaeological research being done around the globe. The

full texts of short articles are available online, together with
abstracts (and often the full text) of a large number of longer
articles. Two years of back issues can be accessed.

ancient potsherds, ruins, and dol 1

wider context of art and literature.

Towards the end of the 19th century archaeology became an
academic study, making increasing use of scientific techniques and
systematic methodologies such as aerial photography. Since World
War II new developments within the discipline include medieval,
postmedieval, landscape, and industrial archaeology: underwater
reconnaissance enahling the excavation of underwater sites; and
rescue archaeology {excavation of sites risking destruction}.
related disciplines Useful in archaeological studies are
tdendrochronology (tree-ring dating), geochronology (science of
measuring geological time), {stratigraphy (study of geological stra-
ta), palaeobotany (study of ancient pollens, seeds, and grains),
archaeozoology (analysis of animal remains), epigraphy (study of
inscriptions), and numismatics (study of coins).

; relating arch V10 a

archaeopteryx Greek archaios ‘ancient’, pterux ‘wing’ extinct
primitive bird, known from fossilized remains, about 160 million
years old, found in limestone deposits in Bavaria, Germany. It is
popularly known as ‘the first bird’, although some earlier hird
ancestors are now known. It was about the size of a crow and had
feathers and wings, with three clawlike digits at the end of each
wing. hut in many respects its skeleton is reptilian (teeth and a
long, bony tail) and very like some small meat-eating dinosaurs of
the time.

archegonium Greek arche ‘origin’, gonos ‘offspring’ female
sex organ found in bryophytes (mosses and liverworts}, pterido-
phytes (ferns, club mosses, and borsetails), and some gym-
nosperms. It is a multicellular, flask-shaped structure consisting
of two parts: the swollen base or venter containing the egg cell,
and the long, narrow neck. When the egg cell is mature, the cells
of the neck dissolve, allowing the passage of the male gametes, or
¢antherozoids.

archerfish surface-living fish of the family Toxotidae. such as
the genus Toxotes, native to SE Asia and Australia. The archerfish
grows to about 25 em/10 in and is able to shoot down insects up
to 1.5 m/5 ft above the water hy spitting a jet of water from its
mouth.

Archie software taal for locating information on the {Internet. It
can be difficult to locate a particular file because of the relatively
unstructured nature of the I[nternet. Archie uses indexes of files
and their locations on the Internet to find them quickly.

Archimedes
(c. 287-212 BQ)

Greek mathematician who made major discoveries in geometry,
hydrostatics, and mechanics, and established the sciences of statics
and hydrostatics. He formulated a law of fluid displacement
(Archimedes' principle), and is credited with the invention of the
Archimedes screw, a cylindrical device for raising water. His
method of finding mathematical proof to substantiate experiment
and observation became the method of modern science in the
High Renaissance.

Hydrostatics and Archimedes’ principle The best-known result of
Archimedes' work on hydrostatics is Archimedes' principle, which
states that a body immersed in water will displace a volume of
fluid that weighs as much as the body would weigh in air. it is
alleged that Archimedes’ principle was discovered when he
stepped into the public bath and saw the water overflow. He was
so delighted that he rushed home naked, crying ‘Eureka! Eureka!’
(‘1 have found it! I have found it!’).

He used his discovery to prove that the goldsmith of Hieron i,

King of Syracuse, had adulterated a gold crown with silver.
Archimedes realized that if the gold had been mixed with silver
(which is less dense than gold), the crown would have a greater
volume and therefore displace more water than an equal weight
of pure gold. The story goes that the crown was found to be
impure, and that the unfortunate goldsmith was executed.
Statics and the lever In the field of statics, he is credited with
working out the rigorous mathematical proofs behind the law of
the lever. The lever had been used by other scientists, but it was
Archimedes who demonstrated mathematically that the ratio of
the effort applied to the load raised is equal to the inverse ratio of
the distances of the effort and load from the pivot or fulcrum of
the lever. Archimedes is credited with having claimed thatif he had
a sufficiently distant place to stand, he could use a lever to move
the world.

This claim is said to have given rise to a challenge from King
Hieron to Archimedes to show how he could move a truly heavy
object with ease, even if he could not move the world. In answer
to this, Archimedes developed a system of compound pulleys.

According to Plutarch's Life of Marcellus (who sacked Syracuse),
Archimedes used this to move with ease a ship that had been lift-
ed with great effort by many men out of the harbour on to dry
land. The ship was laden with passengers, crew and freight, but
Archimedes - sitting at a distance from the ship - was reportedly
able to pull it over the land as though it were gliding through
water.

Mathematics Archimedes wrote many mathematical treatises,
some of which still exist in altered forms in Arabic. Archimedes'
approximation for the value for = was more accurate than any pre-
vious estimate — the value lying between an %Z—f. The average
of these two numbers is less than 0.0003 different from the mod-
ern approximation for . He also examined the expression of very
large numbers, using a special notation to estimate the number of
grains of sand in the Universe. Although the result, 103, was far
from accurate, Archimedes demonstrated that large numbers
could be considered and handled effectively.

Archimedes also evolved methods to solve cubic equations and
to determine square roots by
approximation. His formulae
for the determination of the
surface areas and volumes of
curved surfaces and solids
anticipated the develop-
ment of integral calculus,
which did not come for
another 2,000 years.
Archimedes had decreed
that his gravestone be
inscribed with a cylinder
enclosing a sphere together
with the formula for the
ratio of their volumes - a dis-
covery that he regarded as
his greatest achievement.

Mary Evans Picture Library
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Eureka! I have found it!

A Greek h
Remark, quoted in Vitruvius Pollio De Architectura IX

Archimedes' principle in physics, the principle that the weight of
the liquid displaced by a floating body is equal to the weight of the
body. The principle is often stated in the form: ‘an object totally or
partially submerged in a fluid displaces a volume of fluid that weighs
the same as the apparent loss in weight of the object (which, in turn,
equals the upwards force, or upthrust, experienced by that object).”
1t was discovered by the Greek mathematician Archimedes.

Archimedes screw one of the earliest kinds of pump, associated
with the Greek math ici himedes. It ists of an enor~
mous spiral screw revolving inside a close-fitting cylinder. It is used,
for example, to raise water for irrigation.

The lowest portion of the screw just dips into the water, and as the
cylinder is turned a small quantity of water is scooped up. The incli-
nation of the cylinder is such that at the next revolution the water is
raised above the next thread, whilst the lowest thread scoops up
another quantity. The successive revolutions, therefore, raise the
water thread by thread until it emerges at the top of the cylinder.

archipelago group of islands, or an area of sea containing a group
of islands. The islands of an archipelago are usnally volcanic in ori-
gin, and they sometimes represent the tops of peaks in areas around
continental margins flooded by the sea.

Volcanic islands are formed either when a hot spot within the
Earth's mantle produces a chain of volcanoes on the surface, such as
the Hawaiian Archipelago or at a destructive plate margin (see
pplate where the subd of one plate heneath another
produces an arc-shaped island group called an ‘island arc’, such as
the Aleutian Archipelago. Novaya Zemlya in the Arctic Ocean, the
northern extension of the Ural Mountains, resulted from continental
flooding.

architecture in computing, the overall design of a computer sys-
tem, encompassing both hardware and software. The architecture of
a particular system includes the specifications of individual compo-
nents and the ways they interact. Because the operating system
defines how these elements interact with each other and with appli-
cation software, it is also included in the term,

archive collection of computer files. The term is commonly used to
refer to the files created by pdata compression programs, such as the

Archimedes screw The Archimedes screw, a spiral screw turned
inside a cylinder, was once commonly used to lift water from canals.
The screw is still used to lift water in the Nile delta in Egypt, and is
often used to shift grain in mills and powders in factories.

popular PKZIP, which contain one or more files. On the Internet it is
also used to refer to a large store of files from which visitors can
select the ones they want.

arc lamp or arc light electric light that uses the illumination of
an electric arc maintained between two electrodes. The English
chemist Humphry Davy demonstrated the electric n arc in 1802
and electric arc lighting was first introduced by English electrical
engineer W E Staite (1809-1854) in 1846. The lamp consists of
two carbon electrodes, between which a very high voltage is main-
tained. Electric current arcs (jumps) between the two electrolytes,
creating a brilliant light. Its main nse in recent years has been in
cinema projectors.

arc minute, arc second units for measuring small angles, used in
geometry, surveying, map-making, and astronomy. An arc minute
(symbol ) is one-sixtieth of a degree, and an arc second (symbel ‘)
is one-sixtieth of an arc minnte. Small distances in the sky, as
between two close stars or the apparent width of a planet's disc,
are expressed in minutes and seconds of arc.

arctic animals animals inhabiting the Arctic. The birds are chiefly
sea birds, such as petrels, eider ducks, cormorants, auks, gulls,
puffins, and guillemots; all are migratory. The mammals include
the walrus, seals, and several varieties of whale; the polar bear,
reindeer, elk, fox, wolf, ermine, and musk-ox are the principal ter-
restrial mammals.

Insectivorous and herbivorons habits are almost absent in arctic
animals, which are either fish- or meat-eating. Many of them
become snowy white in winter; among these are birds, such as the
ptarmigan, and mammals, such as the hare and lemming, which
are brown in summer, and the arctic fox, which is salty-blue in
summer; the polar bear is white all year round.

Molluscs, annelids, and jellyfish are common to all the northern
seas, while snch fish as salmon, cod, and halibut are plentiful.
Insects found in the far north inclunde bees, flies, and butterflies,
but as the flora is scanty they do not occur in great abundance.

http://www.lib.uconn.edu/
ArcticCircle/

Well-written site with excellent information about all aspects of life
in the Arctic. There are sections on history, natural resources, the
rights of indigenous peoples, and issues of environmental concern.

Arctic Circle imaginary line that encircles the North Pole at lati-
tude 66° 33' north. Within this line tbere is at least one day in the
summer during which the Sun never sets, and at least one day in
the winter during which the Sun never rises.

Arcturus or Alpha Bodtis brightest star in the constellation
Boiites and the fourth-brightest star in the sky. Arcturus is a red
giant about 28 times larger than the Sun and 70 times more lumi-
nous, 36 light years away from Earth.

are metric unit of area, equal to 100 square metres (119.6 sq yd);
100 ares make one Hhectare.

area the size of a surface. It is measured in square units, usnally
square centimetres (cm2), square metres (m?), or square kilome-

Areas: Common Areas

figure rule for calculating area

rectangle lengthx breadth

tnangle half base length x vertical height

parallelogram base length x vertical height

trapezium average length of parallel sides x perpendicular
distance between them Xl

circle /2, where ris the radiussector 360 where xis the
angle of the sector
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tres (km?). Surface area is the area of the outer surface of a solid.

The areas of geometrical plane shapes with straight edges are
determined using the area of a rectangle. Integration may be used
to determine the area of shapes enclosed by curves.

areca any of a group of palm trees native to Asia and Australia.
The 0betel nut comes from the species Areca catechu. (Genus
Areca.)

Arecibo site in Puerto Rico of the world's largest single-dish
pradio telescope, 305 m/1,000 f1 in diameter. It is built in a natural
hollow and uses the rotation of the Earth 1o scan the sky. It has
been used both for radar work on the planets and for convention-
al radio astronomy, and is operated by Cornell University, USA.

In 1996 it received a $25 million upgrade, increasing the sensi-
tivity of the disc tenfold. Two new mirrors were also added and the
observation frequency increased from 3,000 megahertz 1o up to
10,000 megahertz. Another upgrade took place in 1997, when a
new receiver capable of monitoring 168 million radio channels,
SERENDIP IV, was added to the facility.

Water, water, everywhere, / Nor any drop te drink.

SamueL CoLerIDGE English paet.
The Ancient Mariner pt 2

aréte (German grat; North American combe-ridge) sharp nar-
row ridge separating two dglacial troughs (valleys), or pcorries. The
typical U-shaped cross sections of glacial troughs give arétes very
steep sides. Arétes are common in glaciated mountain regions such
as the Rockies, the Himalayas, and the Alps.

argali wild sheep from the mountains of central Asia. It is the
largest species of sheep with a skoulder height of up to 1.2 m/4 ft.
classification Argali Ovis ammon is in family Bovidae, order
Artiodactyla.

Argand diagram in mathematics, a method for representing
complex numbers by Cartesian coordinates (x, y). Along the x-axis
(horizontal axis) are plotted the real numbers, and along the y-axis
(vertical axis) the nonreal, or imaginary, numbers.

argon Greek argos ‘idle’ colourless, odourless, nonmetallic,
gaseous element, symbol Ar, atomic number 18, relative atomic
mass 39.948. 1t is grouped with the inert gases, since it was long
believed not to react with other substances, but observations now
indicate that it can be made to combine with boron flueride to form
compounds. It constitutes almost 1% of the Earth's atmaosphere,
and was discovered in 1894 by British chemists John Rayleigh
(1842-1919) and William Ramsay after all oxygen and nitragen had
been removed chemically from a sample of air. 1t is used in electric
discharge tubes and argon lasers.

argonaut or paper nautilus octopus living in the open sea, genus
Argonauta. The female of the common paper nautilus, A. argo, is
20 cnv/8 in across, and secretes a spiralled papery shell for her eggs
from the web of the first pair of arms. The male is a shell-less
dwarf, 1 em/0.4 in across.

argument in computing, the value on which a ¢function operates.
For example, if the argument 16 is operated on by the function
‘square root’, the answer 4 is produced.

argument in mathematics, a specific value of the independent
variable of a Hfunction of r. It is also another name for pamplitude.

Ariane launch vehicle built in a series by the European Space
Agency (first flight 1979). The launch site is at Kourou in French
Guiana. Ariane is a three-stage rocket using liquid fuels. Small
solid-fuel and liquid-fuel boosters can be attached to its first stage
to increase carrying power.

Since 1984 it has been operated commercially by Arianespace, a
private company financed by European banks and aerospace
industries. A more powerfunl version, Arine 5, was launched 4
June 1996, and was intended to carry astronauts aboard the

Hermes spaceplane. However, it went off course immediately after
takeoff , turned on its side, broke into two and disintegrated. A
fault in the software controlling the takeoff trajectory was to
blame.

A mostly successful test flight for Ariane 5 was completed in
November 1997.

arid region in earth science, a region that is very dry and has lit-
tle vegetation. Aridity depends on temperature, rainfall, and evap-
oration, and so is difficult to quantify. bnt an arid area is usually
defined as one that receives less than 250 mm/10 in of rainfall each
year. (By comparison, New York City receives 1,120 mm/44 in per
year.) There are arid regions in North Africa, Pakistan, Australia,
the USA, and elsewhere. Very arid regions are pdeserts.

Ariel series of six UK satellites launched by the USA 1962-79, the
most significant of which was Ariel 5 in 1974, which made a pio-
neering survey of the sky at X-ray wavelengths.

Aries zodiacal constellation in the northern hemisphere between
Pisces and Taurus, near Auriga, repr d as the legendary ram
whose golden fleece was sought by Jason and the Argonauts.

Its most distinctive feature is a curve of three stars of decreas-
ing brightness. The brightest of these is Hamal or Alpha Arietis, 65
light years from Earth.

The Sun passes through Aries from late April to mid-May. In
astrology, the dates for Aries, the first sign of the zodiac. are
between about 21 March and 19 April (see pprecession). The spring
pequinox once lay in Aries, but has now moved into Pisces through
the effect of the Earth’s precession (wobble).

aril accessory seed cover other than a dfruit; it may be fleshy and
sometimes brightly coloured, woody, or hairy. In flowering plants
(dangiosperms) it is often derived from the stalk that originally
attached the ovule 10 the ovary wall. Examples of arils include the
bright-red, fleshy layer surrounding the yew seed (yews are
9gymnosperms so they lack true fruits), and the network of bard fil-
aments that partially covers the nutmeg seed and yields the spice
known as mace.

Another aril, the horny outgrowth found towards ene end of the
seed of the castor-oil plant Ricinus communis, is called a caruncle.
It is formed from the integuments (protective layers enclosing the
ovule) and develops after fertilization.

arithmetic branch of mathematics concerned with the study of
numbers and their properties. The fundamental operations of
arithmetic are addition, subtraction, multiplication, and division.
Raising to powers (for example, squaring or cubing a number), the
extraction of roots (for example, square roots), percentages, frac-
tions, and ratios are developed from these operations.

Forms of simple arithmetic existed in prehistoric times. In China,
Egypt, Babylon, and early civilizations generally, arithmetic was
used for commercial purpeses, records of taxation, and astronomy.
During the Dark Ages in Europe, knowledge of arithmetic was pre-
served in India and later among the Arabs. Eurepean mathematics
revived with the development of trade and overseas exploration.
Hindu-Arahic numerals replaced Roman numerals, allowing calcu-
lations to be made on paper, instead of by the pabacus.

The esseatial feature of this number system was the introduction
of zero, which allows us to have a place-value system. The decimal
numeral system employs ten numerals (0,1,2,3,4,5,6,7,8,9) and is
said to operate in ‘base ten’. In a base-t. ber, each it
has a value ten times that of the position to its inmediate nghl for
example, in the number 23 the numeral 3 represents three units
(ones) and the numeral 2 represents two tens. The Babylonians,

, used a lex b ixty system, residnes of which are
found today in the number of minntes in each hour and in angular
measurement (6 x 60 degrees). The Mayas used a base-twenty
system.

There have been many inventions and developments to make the
manipulation of the arithmetic processes easier, such as the inven-
tion of Ologarithms by Scottish mathematician John {Napier in
1614 and of the slide rule in the period 1620-30. Since then, many
forms of ready reckoners, mechanical and electronic calculators,
and computers have been invented.
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Modern computers fundamentally operate in base two, using
only two numerals (0,1), known as a binary system. In binary, each
position has a value twice as great as the position to its inmediate
right, so that for example binary 111 (or 111,) is equal to 7 in the
decimal system, and binary 1111 (or 1111,) is equal to 15. Because
the main operations of subtraction, multiplication, and division can
be reduced mathematically to addition, digital computers carry out
calculations by adding, usually in binary numbers in which the
numerals 0 and 1 can be represented by off and on pulses of elec-
tric current.

Modular or modulo arithmetic, sometimes known as residue
arithmetic or clock arithmetic, can take only a specific number of
digits, whatever the value. For example, in modulo 4 (mod 4) the
only values any number can take are 0, 1, 2, or 3. In this system, 7
is written as 3 mod 4, and 35 is also 3 mod 4. Notice 3 is the
residue, or remainder, when 7 or 35 is divided by 4. This form of
arithmetic is often illustrated on a circle. It deals with events recur-
ring in regular cycles, and is used in describing the functioning of
petrol engines, electrical generators, and so on. For example, in the
mod 12, the answer 1o a question as to what time it will be in five
hours if it is now ten o'clock can be expressed 10 + 5 = 3.

arithmetic and logic unit (ALU) in a computer, the part of the
Hcentral processing unit (CPU) that performs the basic arithmetic
and logic operations on data.

arithmetic mean the average of a set of » numbers, obtained by
adding the numbers and dividing by n. For example, the arithmetic
mean of the set of 5 numbers 1, 3, 6, 8, and 12is (1 +3 + 6 + 8 +
12)/5 = 30/5 = 6.

The term ‘average’ is often used to refer only to the arithmetic
mean, even though the mean is in fact only one form of average
(the others include jmedian and jmode).

arithmetic progression or arithmetic sequence sequence of
numbers or terms that have a common difference between auy one
term and the next in the sequence. For example, 2, 7, 12, 17, 22,
27, ... is an arithmetic sequence with a common difference of 5.

The nth term in any arithmetic progression can be found using
the formula:

nthterm=a + (n - 1)d

where a is the first term and d is the common difference.
An arithmetic series is the sum of the terms in an arithmetic
sequence. The sum S of n terms is given by:

S =512a + (n-1)d]

ARM (abbreviation for Advanced RISC Machine) microprocessor
developed by Acorn in 1985 for use iu the Archimedes microcom-
puter. In 1990 the company Advanced RISC Machines was formed
to develop the ARM microprocessor. The ARM is the microproces-
sor in Apple's ONewton.

armadillo mammal of the family Dasypodidae, with an armour of
bony plates along its back or, in some species, almost covering the
entire body. Around 20 species live between Texas and Patagonia
and range in size from the fairy armadillo, or pichiciego,
Chlamyphorus truncatus, at 13 c¢m/5 in, to the giant armadillo
Priodontes giganteus, 1.5 m/4.5 ft long. Armadillos feed on insects,
snakes, fruit, and carrion. Some can roll into an armoured ball if
attacked; others defend themselves with their claws or rely on
rapid burrowing for protection.

ARMADILLO

Nine-banded armadillos almost always produce lit-

ters of quadruplets. The one fertilized egg divides
into four to produce a single-sex litter of identical
babies. If times are hard, the female armadillo can

delay the implantation of her egg for up to three years
to maximize the chances of her offspring's survival.

They belong to the order Edentata (‘without teeth’) which also
includes sloths and anteaters. However, only the latter are tooth-
less. Some species of armadillos can have up to 90 peglike teeth.

armature in a motor or generator, the wire-wound coil that car-
ries the current and rotates in a magnetic field. (In alternating-cur-
rent machines, the armature is sometimes stationary.) The pole
piece of a permanent magnet or electromagnet and the moving,
iron part of a psolenoid, especially if the latter acts as a switch, may
also be referred to as armatures.

armillary sphere earliest known astronomical device, in use
from the 3rd century BC. It showed the Earth at the centre of the
universe, surrounded by a number of movable metal rings repre-
senting the Sun, Moou, aud planets. The armillary sphere was
originally used to observe the heavens and later for teaching nav-
igators about the arrangements and movements of the heavenly
bodies.

aromatherapy in alternative medicine, vse of oils and essences
derived from plants, flowers, and wood resins. Bactericidal prop-
erties and beneficial effects upon physiological functions are
attributed to the oils, which are sometimes ingested but generally
massaged into the skin,

Aromatherapy was first used in ancient Greece and Egypt, but
became a forgotten art until the 1930s, when a French chemist
accidentally spilt lavender over a cut and found that the wound
healed withont a scar. However, it was not until the 1970s that it
began 10 achieve widespread popularity.

aromatic compound organic chemical compound in which some
of the bonding electrons are delocalized (shared among several
atoms within the molecule and not localized in the vicinity of the
atoms involved in bonding). The aromatic d
have ring structures, the atoms comprising the ring being either all
carbon or containing one or more different atoms (usually nitro-
gen, sulphur, or oxygen). Typical examples are benzene (C;H,) and
pyridine (C;H;N).

ARPANET (acronym for Advanced Research Projects Agency
Network) early US network that forms the basis of the pInternet. It
was set up in 1969 by ARPA to provide services to US academic
institutions and commercial organizations conducting computer
science research.

ARPANET pioneered many of today's networking techniques.

1t was renamed DARPANET when ARPA changed its name to
Defense Advanced Research Projects Agency. In 1975 responsibili-
ty for DARPANET was passed on to the Defense Communication
Agency.

array in computer programming, a list of values that can all be
referred to by a single dvariable name. Separate values are distin-
guished by using a subscript with each variable name.

Arrays are useful because they allow programmers to write gen-
eral routines that can process long lists of data. For example, if
every price stored in an acconnting program used a different vari-
able name, separate program instructions would be needed to
process each price. However, if all the prices were stored in an
array, a general routine could be written to process, say, ‘price (J)',
and, by allowing J to take different values, conld then process any
individual price.

For example, consider this list of highest daily temperatures: day
1-22°C; day 2 - 23°C; day 3 — 19°C; day 4 - 21°C. This array might
be stored with the single variable name ‘temp’. Separate elements
of the array would then be identified with subscripts. So, for exam-
ple, the array element "temp(,)’ would store the value ‘22°, and the
array element ‘temp(;)’ would store the value ‘19"

array collection of numbers (or letters representing numbers)
arranged in rows and columns. A matrix is an array shown inside
a pair of brackets; it indicates that the array should be treated as
a single entity.

arrhythmia disturbance of the normal rhythm of the heart. There
are varions kinds of arrhythmia, some benign, some indicative of
heart disease. In extreme cases, the heart may beat so fast as to be
potentially lethal and surgery may be nsed to correct the condition.
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aromatic compound Compounds whose molecules contain the benzene ring, or variatians of it, are called aromatic. The term was ariginally

used to distinguish sweet-smelling compounds from others.

Extra beats between the normal ones are called extrasystoles;
abnormal slowing is known as bradycardia and speeding up is
known as tachycardia.

arrowroot starchy substance used as a thickener in cooking, pro-
duced from the clumpy roots of various tropical plants. The true
arrowroot (Maranta arundinacea) was used by native South
Americans as an antidote against the effects of poisoned arrows.

The West Indian island of St Vincent is the main source of sup-
ply today. The plant roots and tubers are dried, finely powdered,
and filtered. Because of the small size of the starch particles, the
powder becomes translucent when cooked.

arrowwood any of various North American trees and shrubs,
especially of the genus Viburnum, named for their long, straight
branches, which were used by American Indians to make arrows.

arsenic brittle, greyish-white, semimetallic element (a metalloid),
symbol As, atomic number 33, relative atomic mass 74.92. It
occurs in many ores and occasionally in its elemental state, and is
widely distributed, being present in minute quantities in the soil,
the sea, and the human body. In larger quantities, it is poisonous.
The chief source of arsenic compounds is as a by-preduct from
metallurgical processes. 1t is used in making semiconductors,
alloys, and solders.

As itis a cumulative poisan, its presence in food and drugs is very
dangerous. The of arsenic poisoning are vomiting, diar-
rhoea, tingling and possibly numbness in the limbs, and collapse. It
featured in some drugs, including Salvarsan, the first specific treat-
ment for syphilis. Its name derives from the Latin ersenicum.

arteriosclerosis hardening of the arteries, with thickening and
loss of elasticity. It is associated with smoking, ageing, and a diet
high in saturated fats. The term is used loosely as a synonym for
patherosclerosis.

artery vessel that carries blood from the heart to the rest of the
body. It is built to withstand considerable pressure, having thick
walls which contain smooth muscle fibres. During contraction of
the heart muscle, arteries expand in diameter to allow for the sud-
den increase in pressure that oceurs; the resulting Opulse or pres-
sure wave can be felt at the wrist. Not all arteries carry oxygenat-
ed (oxygen-rich) blood; the pulmonary arteries convey deoxygenat-
ed (oxygen-poor) blood from the heart to the lungs.

Arteries are flexible, elastic tubes, consisting of three layers, the
middle of which is muscular: its rhythmic contraction aids the
pumping of bload around the body. In middle and old age, the walls
degenerate and are vulnerable to damage by the build-up of fatty
deposits. These reduce elasticity, hardening the arteries and
decreasing the internal bore. This condition, known as
patherosclerosis, can lead to high blood pressure, loss of circula-
tion, heart disease, and death.

Research indicates that a typical Western diet, high in saturated
fat, increases the chances of arterial disease developing.

artesian well well that is supplied with water rising naturally
from an underground water-saturated rock layer (0aquifer). The
water rises from the aquifer under its own pressure. Such a well
may be drilled into an aquifer that is confined by impermeable
rocks both above and below. If the water table (the top of the region
of water saturation) in that aquifer is above the level of the well
head, hydrostatic pressure will force the water to the surface.

Artesian wells are often overexploited because their water is
fresh and easily ilable, and they ev lly b unreliable.
There is also some concern that pollutants such as pesticides or
nitrates can seep into the aquifers.

arthritis inflammation of the joints, with pain, swelling, and
restricted motion. Many conditions may cause arthritis, including
gout, infection, and trauma to the joint. There are three main
forms of arthritis: frheumatoid arthritis; osteoarthritis; and septic
arthritis.

arthropod member of the phylum Arthropoda; an invertebrate
animal with jointed legs and a segmented body with a horny or
chitinous casing (exoskeleton), which is shed periodically and
replaced as the animal grows. Included are arachnids such as spi-
ders and mites, as well as crustaceans, millipedes, centipedes, and
insects.

artichoke either of two plants belonging to the sunflower family.
parts of which are eaten as vegetables. The commoen or globe arti-
choke (Cynara scolymus) is a form of thistle native to the
Mediterranean. It is tall, with purplish-blue flowers; the leaflike
structures {(bracts) around the unopened flower are eaten. The
Jerusalem artichoke (Helianthus tuberosus), which bas edible
tubers, is a native of North America (its common name is a cor-
ruption of the Italian for sunflower, girasole). (Family Compositae.)
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artesian well In an artesian well, water rises from an underground water-containing rock layer under its own pressure. Rain falls at one end of
the water-bearing layer, or aquifer, and percolates through the layer. The layer fills with water up to the level of the water table. Water will
flow from a well under its own pressure if the well head is below the level of the water table.

article or posting on USENET, an individual public message.

artificial insemination (Al) introduction by instrument of semen
from a sperm bank or donor into the female reproductive tract to
hring about fertilization. Originally used by animal hreeders to
improve stock with sperm from high-quality males, in the 20th cen-
tury it has been developed for use in humans, to help the infertile.
See pin vitro fertilization.

all around the world; one of the most significant centres is the
OMIT Media Lab.

artificial limb device 1o replace a limb that has been removed hy
surgery or lost through injury, or one that is malformed because of
genetic defects. 1t is one form of {prosthesis.

artificial radloactmty natural and spontaneous radioactivity
ansmg from rad or that are formed when

The whole thinking process is rather myslenous to us, butl
believe that the pt to make a think hine witl help
us greatly in finding out how we think ourselves.

ts are bombarded with subatomic particles - protons, neu-
trons, or electrons — or small nuclei.

artificial respiration emergency procedure to restart breathing
once it has stopped; in cases of electric shock or apparent drown-

ALAN MaTHIsON TuriNG English h
Quoted in A Hodges Alan Turing: The Enigma of Intelligence 1985

artificial intelligence (Al branch of science concerned with
creating computer programs that can perform actions compara-
hle with those of an intelligent human. Current Al research cov-
ers such areas as planning (for robot behaviour), language under-
standing, pattern recognition, and knowledge representation.

The possibility of artificial intelligence was first proposed by
the English mathematician Alan §Turing in 1950. Early Al pro-
grams, developed in the 1960s, attempted simulations of human
intelligence or were aimed at general prohlem-solving tech-
niques. By the mid-1990s, scientists were concluding that Al was
more difficult to create than they had imagined. It is now thought
that intelligent behaviour depends as much on the knowledge a
system p as onitsr ing power. Present emphasis is
on Oknowledge-based systems, such as (expert systems, while
research projects focus on ¢neural networks, which attempt to
mimic the structure of the human brain.

On the pInternet, small bits of software that automate common
routines or attempt to predict human likes or behaviour based on
past experience are called intelligent agents or bots.

artificial life (contracted 10 ALife) in mmputmg, area of scien-
tific research that attempts to simul via
computer programs. The first ALife workshop was held at Los
Alamos, USA, in 1987. Research in this area is being conducted

ing, for ple, the first choice is the expired-air method, the kiss
of life by mouth-to-mouth breathing until natural hreathing is
restored.

artificial selection in biology. selective breeding of individuals
that exhibit the particular characteristics that a plant or animal
breeder wishes to develop. In plants, desirable features might
include resistance to disease, high yield (in crop plants), or attrac-
tive appearance. In animal breeding, selection bas led to the devel-
opment of particular breeds of cattle for improved meat production
(such as the Aberdeen Angus) or milk production (such as Jerseys).
Artificial selection was practised by the Sumeriaus at least 5,500
years ago and carried on through the succeeding ages, with the
result that all common vegetables, fruit, and livestock are long
modified by selective breeding. Artificial selection, particularly of
pigeons, was studied by the English evolutionist Charles Darwin
who saw a similarity between this ph and the p
of natural selection.

Artiodactyla order of toed 1 ining pigs.
camels, hippos, and rumi Is, such as antelope, deer, and
sheep.

The order is divided into nine living families {the other 20 fami-
lies are all extinct). Suidae includes the eight species of pig:
Tayasqmdae. the two species of peccary; and Hippopotamidae, the
two species of hippopotamuses. Camelidae has three to five species
of camels and the guanaco. The five ruminant (cud-chewing) fam-
ilies are Tragulidae, with four species of chevrotain; Cervidae, 41
species of deer; Bovidae, 128 species of cattle. sheep, and
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arum Arum dioscoridis comes from the Mediterranean region,
where arum lilies grow in abundance. What appears to be a single
flower is in fact a flower head, the spadix, bearing separate rings of
male and female flowers enclosed in a leaflike spathe.
Premaphotos Wildlife

antelopes; Antilocapridae, one species, the pronghorn, often mis-
named antelope. of North America; and Giraffidae, two species of
giraffe.

arum any of a group of mainly European plants with narrow
leaves and a single, usually white, special leaf (spathe) surround-
ing the spike of tiny flowers. The ornamental arum called the trum-
pet lily (Zantedeschia aethiopica) is a native of South Africa.
{Genns Arum, family Araceae.)

asbestos any of several related minerals of fibrons structure that
offer great heat resistance because of their nonflammability and
poor conductivity. Commercial asbestos is generally either made
from serpentine (‘white’ asbestos) or from sodium iron silicate
('blue’ ashestos). The fibres are woven together or bound by an inert
material. Over time the fibres can work loose and, because they are
small enough to float freely in the air or be inhaled, asbestos usage
is now strictly controlled; exposure 1o its dust can cause cancer.

ASCIl (acronym for American standard code for information
interchange) in computing, a coding system in which numbers are
assigned to letters, digits, and punctnation symbols. Although com-
puters work in code based on the pbinary number system, ASCII
numbers are usually quoted as decimal or Yhexadecimal numbers.
For example, the decimal number 45 (binary 0101101) represents
a hyphen, and 65 (binary 1000001} a capital A. The first 32 codes
are used for control functions, such as carriage return and back-
space.

Strictly speaking, ASCII is a 7-bit binary code, allowing 128 dif-
ferent characters to be represented, but an eighth bit is often used
to provide pparity or to allow for extra characters. The system is
widely used for the storage of text and for the transmission of data
between computers.

ASCIl art pictures or fancy graphics created entirely out of 0ASCII
characters such as letters of the alphabet or punctuation marks.
ASCII art has existed since the invention of computers. Today it is
found in USENET psignatures (.sigs), special onewsgroups such as
alt.art.ascii, and occasionally in messages. both public and private.

ascorbic acid € H,0, or vitamin C a relatively simple organic
acid found in citrus fruits and vegetables. It is soluble in water and
destroyed by prolonged boiling. so soaking or overcooking of veg-
etables reduces their vitamin C content. Lack of ascorbic acid
results in scurvy.

In the human body, ascorbic acid is necessary for the correct
synthesis of ¢collagen. Lack of vitamin C causes skin sores or
ulcers, tooth and gum problems, and burst capillaries (scurvy
symptoms) owing to an abnormal type of collagen replacing the
normal type in these tissues.

The Australian billygoat plum, Terminalia ferdiandiana, is the
richest natural source of vitamin C, containing 100 times the con-
centration found in oranges.

asepsis practice of ensuring that bacteria are excluded from open
sites during surgery, wound dressing. blood sampling, and other
medical procedures. Aseptic technique is a first line of defence
against infection.

asexual reproduction in biology, reproduction that does not
involve the manufacture and fusion of sex cells, nor the necessity
for two parents. The process carries a clear advantage in that there
is no need 1o search for a mate nor to develop complex pollinating
mechanisms; every asexual organism can reproduce on its own.
Asexual reprodnction can therefore lead to a rapid population
build-up.

In evolutionary terms, the disadvantage of asexual reproduction
arises from the fact that ouly identical individuals, or clones, are
produced - there is no variation.

In the field of horticulture, where standardized production is
needed, this is useful, but in the wild, an asexual population that
cannot adapt to a changing environment or evolve defences against
a new disease is at risk of extinction. Many asexually reproducing
organisms are therefore capable of reproducing sexually as well.

Asexnal processes include pbinary fission, in which the parent
organism splits into two or more ‘daughter’ organisms, and
Obudding, in which a new organism is formed initially as an out-

Amoeba divides
after it has grown
to a certain size.

The pseudopodia
are pulled in and
the nucleus divides.

The cell body begins
to divide when the e
nucleus has split.

-8

Two daughter
amoebae
are formed.

asexual reproduction Asexual reproduction is the simplest form of
reproduction, occurring in many simple plants and animals. Binary
fission, shown here occurring in an amoeba, is one of a number of
asexual reproduction processes.
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growth of the parent organism. The asexual reproduction of
spores, as in ferns and mosses, is also common and many plants
reproduce asexually by means of runners, rhizomes, bulbs, and
corms; see also {vegetative reproduction.

ash any tree of a worldwide group belonging to the olive family,
with winged fruits. The mountain ash or rowan, which resembles
the ash, belongs to the family Rosaceae. (Genus Fraxinus, family
Oleaceae.)

ashen light in astronomy, a faint glow occasionally reported in
the dark hemisphere of $Venus when the planet is in a crescent
phase. Its origin is unknown, but it may be related to the terrestri-
al airglow caused hy interaction of high-energy solar radiation with
the upper atmosphere of the Earth.

Asiatic wild ass alternative name for both the ¢kiang and the
Qonager.

ASIC (abbreviation for application-specific integrated circuit)
integrated circuit built for a specific application.

asp any of several venomous snakes, including Vipera aspis of S
Furope, allied to the adder, and the Egyptian cobra Naja haje,
reputed to have been used by the Egyptian queen Cleopatra for her
suicide.

asparagus any of a group of plants with small scalelike leaves
and many fine, feathery branches. Native to Europe and Asia,
Asparagus officinalis is cultivated and the tender young shoots
(spears) are greatly prized as a vegetable. (Genus Asparagus, fam-
ily Liliaceae.)

aspartame noncarhohydrate sweeteuer used in foods under the
tradename Nutrasweet. It is about 200 times as sweet as sugar
and, unlike saccharine, has no aftertaste.

The aspartame molecule consists of two amino acids (aspartic
acid and phenylalanine) linked by a methylene (-CH,-) group. It
breaks down slowly at room temperature and rapidly at higher
temperatures. It is not suitable for people who suffer from
phenylketonuria.

aspen any of several species of ppoplar tree. The European quak-
ing aspen (Populus tremula) has flattened leafstalks that cause the
leaves to flutter in the slightest breeze. The soft, light-coloured
wood is used for matches and paper pulp. (Genus Populus.)

asphalt mineral mixture containing semisolid brown or black
Obitumen, used in the construction industry. Asphalt is mixed with
rock chips to form paving material, and the purer varieties are
used for insulating material and for waterproofing masonry. It can
be produced artificially by the distillation of ¢petrolenm.

The availability of recycled coloured glass led in 1988 to the
invention of glassphalt, asphalt thatis 15% crushed glass. It is used
to pave roads in New York.

Considerable natural deposits of asphalt occur around the Dead
ioa and m the Philippines, Cuba, Venezuela, and Trinidad.

t occurs at Neufchatel, France.

asphodel either of two related Old World plants of the lily family.
The white asphodel or king's spear (Asphodelus albus) is found in
ltaly and Greece, sometimes covering large areas, and providing
grazing for sheep. The other asphodel is the yellow asphodel
{(Asphodeline lutea). (Genera Asphodelus and Asphodeline, family
Liliaceae.)

The ancient Greeks connected the beautiful plants of A. lutea
with the dead, and they were supposed to grow in the mythological
Elysian fields where heroes enjoyed new life after death.

asphyxia suffocation; a lack of oxygen that produces a potential-
ly lethal build-up of carbon dioxide waste in the tissues.

Asphyxia may arise from any one of a number of causes, includ-
ing inhalation of smoke or peisonous gases, obstruction of the
windpipe (by water, food, vomit, or a foreign ohject), strangulation,
or smothering. If it is not quickly relieved, brain damage or death
ensues,

aspidistra any of several Asiatic plants of the lily family. The
Chinese Aspidistra elatior has broad leaves which taper to a point
and, like all aspidistras, grows well in warm indoor conditions.
(Genus Aspidistra, family Liliaceae.)

aspirin acetylsalicylic acid, a popular pain-relieving drug
(panalgesic) developed in the late 19th century as a household rem-
edy for aches and pains. It relieves pain and reduces inflammation
and fever. It is derived from the white willow tree Salix alba, and
is the world's most widely used drug.

Aspirin was first refined from salicylic acid by German chemist
Felix Hoffman, and marketed in 1899. Although salicylic acid
occurs naturally in willow bark (and has been used for pain relief
since 1763) the acetyl derivative is less bitter and less likely to
cause vomiting.

ass any of several horselike, odd-toed, hoofed mammals of the
genus Equus, family Equidae. Species include the African wild ass
E. asinus, and the Asian wild ass E. hemionus. They differ from
horses in their smaller size, larger ears, tufted tail, and character-
istic bray. Donkeys and burros are domesticated asses.

assassin bug member of a family of blood-sucking bugs that con-
tains about 4,000 species. Assassin bugs are mainly predators,
feeding on other insects, but some species feed on birds and mam-
mals, including humans. They are found, mainly in tropical
regions, although some have established themselves in Europe and
North America.

classification Assassin bugs are in family Reduviidae, suborder
Heteroptera, order Hemiptera (true bugs), class Insecta, phylum
Arthropoda.

The general characteristics uf the family include bright
coloration, a long four: and a ¢ haped
proboscis which, when the insect is not feeding, is folded under
the head. Because of this they are i called
bugs.
species Reduvius personatus is about 15 mm/0.5 in long and dark
brown. In the wild it inhabits hellow trees where it feeds on the
blood of other insects. It can invade houses, where it hides in holes
and crevices in the wall. Like other assassin bugs, it is nocturnal,
emerging at night to feed on pbedbugs and other insects. It is wide-
ly distributed in Europe and North America.

Kissing bugs comprise several Central and South American gen-
era that have earned their name from their habit of biting sleeping
people on the face. Rhodnius, Triatoma, and Panstrongylus, are
vectors for the parasite that causes ¢Chagas's disease.

assay in chemistry, the determination of the quantity of a given
substance present in a sample. Usually it refers to determining the
purity of precious metals.

The assay may be carried out by ‘wet’ methods, when the sam-
ple is wholly or partially dissolved in some reagent (often an acid),
or by ‘dry’ or ‘fire’ methods, in which the compounds present in the
sample are combined with other substances.

assembler in computing, a program that translates a program
writien in an assembly language into a complete {machine code
program that can he executed by a computer. Each instruction in
the assembly language is translated into only one machine-code
instruction.

assembly industry manufacture that involves putting together
many prefabricated ¢ to make a lete product; for
example, a car or television set. The inputs for this type of industry
are therefore outputs from others. Some assembly industries are
surrounded by their suppliers; others use components frem far
afield.

assembly language low-level language
closely related to a computer’s internal codes. It consists chiefly of
a set of short of letters ( ics), which are trans-
lated, by a program called an assembler, into ¢machine code for
the computer's pcentral processing unit (CPU) to follow directly. In
assembly language, for example, ‘JMP’ means ‘jump’ and ‘LDA’
means 'load accumulator’. Assemhly code is used by programmers
who need to write very fast or efficient programs.

-progr
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Because they are much easier to use, high-level languages are
normally used in preference to assembly languages. An assemhly
language may still be used in some cases, however, particularly
when no suitable high-level language exists or where a very effi-
cient machine-code program is required.

assembly line method of mass production in which a product is
built up step-hy-step by successive workers adding one part at a
time. It is commonly used in industries such as the car industry.

US inventor Eli Whitney pioneered the concept of industrial
assembly in the 1790s, when he employed unskilled labour to
assemble muskets from sets of identical precision-made parts
produced by machine tools. In 1901 Ransome Olds in the USA
began mass-producing motor cars on an assembly-line principle,
a method further refined by the introduction of the moving con-
veyor helt by Henry Ford in 1913 and the time-and-motion stud-
ies of Fredriech Winslow Taylor. On the assembly line human
workers now stand side by side with drobots.

assimilation in animals, the process by which absorbed food
molecules, circulating in the blood, pass into the cells and are
used for growth, tissue repair, and other metabolic activities. The
actual destiny of each food molecule depends not ouly on its type,
but also on the hody requirements at that time.

Association for Computing Machinery (ACM) US organiza-
tion made up of computer professionals of all types. Its monthly
journal, the Ct ications of the A Jfor Computi:
Machinery, is peer-reviewed. Its subsidiary special interest
groups, or SIGs, focus on areas such as graphics and
human-computer interaction. Several of these run major confer-
ences for their areas such as SIGGRAPH (graphics) and SIGCHI
(human-computer interaction).

The equivalent UK organization is the British Computer
Society (BCS).

associative operation in mathematics, an operation in which
the outcome is independent of the grouping of the numbers or
symbols concerned. For example, multiplication is associative, as
4 x(3 x2) =4 x 3) x 2= 24; however, division is not, as 12 +
(4+2)=6,hut (12 + 4) = 2 = 1.5. Compare Hcommutative opera-
tion and pdistributive operation.

assortative mating in 9population genetics, selective mating in
a population hetween individuals that are genetically related or
have similar characteristics. If sufficiently consistent, assortative
mating can theoretically result in the evolution of new species
without geographical isolation (see dspeciation).

astatine Greek astatos ‘unstable’ nonmetallic, radioactive ele-
ment, symbol At, atomic number 85, relative atomic mass 210. It
is a member of the phalogen group, and is very rare in nature.
Astatine is highly unstable, with at least 19 isotopes; the longest
lived has a half-life of about eight hours.

aster any plant of a large group belonging to the same subfami-
ly as the daisy. All asters have starlike flowers with yellow centres
and outer rays (not petals) varying from blue and purple to white.
Asters come in many sizes. Many are cultivated as garden flow-
ers, including the Michaelmas daisy (Aster nova-belgii). (Genus
Aster, family Compositae.)

The China aster (Callistephus chinensis) belongs to a closely
related genus; it was introduced to Europe and the USA from
China in the early 18th century.

asterisk (%) or star wild card character standing for multiple
characters in most operating systems. It allows a user to specify
a group of files for mass handling. Typing ‘dir *.bat’ in DOS, for
example, will return a list of all files with the extension .BAT in
the current directory. On USENET, * is used to denote a group of
9newsgroups; the phrase ‘alt.music.*" means all the newsgroups
in the alt.music hierarchy, such as alt.music.pop, alt.music.jazz,
and so on. On the Internet, an asterisk before and after a word is
a way of indicating emphasis.

asteroid or minor planet any of many thousands of small bod-
ies, composed of rock and iron, that orbit the Sun. Most lie in a

belt between the orhits of Mars and Jupiter, and are thought to be
fragments left over from the formation of the 9Solar System.
About 100,000 may exist, but their total mass is only a few hun-
dredths the mass of the Moon.

They include ¢Ceres (the largest asteroid, 940 km/584 mi in
diameter), Vesta (which has a light-coloured surface, and is the
brightest as seen from Earth), {Eros, and plcarus. Some asteroids
are in orhits that bring them close to Earth, and some, such as the
oApollo asteroids, even cross Earth's orhit; at least some of these
may be remnants of former comets. One group. the Trojans,
moves along the same orbit as Jupiter, 60° ahead and hehind the
planet. One unusnal asteroid, {Chiron, orbits beyond Saturn.

NASA's Near Earth Asteroid Rendezvous (NEAR) was launched
in February 1996 to study Eros to ascertain what asteroids are
made of and whether they are similar in structure to meteorites.
In 1997 it flew past asteroid Mathilde, revealing a 25 km crater
covering the 53-km asteroid. The Near Earth Asteroid Tracking
(NEAT) system had detected more than 10,000 asteroids by
August 1997.

The first asteroid was discovered by the Italian astronomer
Giuseppe Piazzi at the Palermo Ohservatory, Sicily, 1 January
1801. The first asteroid moon was ohserved by the space prohe
Galileo Hin 1993 orbiting asteroid Ida.

Bifurcated asteroids, first discovered 1990, are in fact two
chunks of rock that touch each other. It may be that at least 10%
of asteroids approaching the Earth are bifurcated.

asthenosphere a layer within Earth's {mantle lying beneath
the plithosphere, typically beginning at a depth of approximately
100 km/63 mi and extending to depths of approximately 260
km/160 mi. Sometimes referred to as the ‘weak sphere’, it is char-
acterized by being weaker and more elastic than the surrounding
mantle.

The asth e's elastic behavi and low viscosity allow
the overlying, more rigid plates of lithosphere to move laterally in
a process known as Oplate tectonics. lts elasticity and viscosity
also allow overlying crust and mantle to move vertically in
response to gravity to achieve isostatic equilibrium (see
disostasy).

asthma chronic condition characterized by difficulty in breath-
ing due to spasm of the brouchi (air passages) in the lungs.
Attacks may he provoked by allergy, infection, and stress. The
incidence of asthma may he increasing as a result of air pollution
and occupational hazard. Treatment is with {bronchodilators to
relax the bronchial muscles and thereby ease the breathing, and
in severe cases by inhaled {steroids that reduce inflammation of
the bronchi.

Extrinsic asthma, which is triggered by exposure to irritants
such as pollen and dust, is more common in children and young
adults. In February 1997 Brazilian researchers reported two
species of dust mite actually living on children's scalps. This
explains why vacuuming of hedding sometimes fails to prevent
asthma attacks. The use of antidandruff shampoo shonld keep
numbers of mites down by reducing their food supply. Less com-
mon, intrinsic asthma tends to start in the middle years.

Approximately 5-10% of children suffer from asthma, but
about a third of these will show no symptoms after adolescence,
while another 5-10% of people develop the condition as adults.
Growing evidence that the immune system is involved in both

ASTHMA -~ TUTORIAL FOR CHILDREN AND PARENTS

http://sln.fi.edu/inquirer/
warming.html

Online tutorial for parents and children on asthma. it provides an
explanation of what happens during an asthma attack, a description
of the symptoms normally registered during an attack, and a
discussion of the available medications. Movies and sound clips of
asthmatic breathing are also included.
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Dust mites live in large numbers on the human
scalp, feeding on skin flakes — an activity which
causes allergic reactions in asthmatic children. This dis-
covery was announced by Brazilian researchers in 1997,
and may explain why repeated vacuuming of bedding
does not get rid of dust mites.

ASK AN ASTRONAUT

http://www.nss.org/askastro/

Apollo 17 multimedia archive with video and audio files, plus
mission details and astronaut biographies. Sponsored by the
National Space Society, this site includes numerous images, a list of
questions and answers, and links to related sites.

forms of asthma has raised the possibility of a new approach to
treatment.

Although the symptoms are similar to those of bronchial asth-
ma, cardiac asthma is an unrelated condition and is a symptom
of heart deterioration.

astigmatism aberration occurring in the lens of the eye. It results
when the curvature of the lens differs in two perpendicular planes,
so that rays in one plane may be in focus while rays in the other
are not. With astigmatic eyesight, the vertical and horizontal can-
not be in focus at the same time; correction is by the use of a ¢ylin-
drical lens that reduces the overall focal length of one plane so that
both planes are seen in sharp focus.

astrolabe ancient navigational instrument, forerunner of the sex-
tant. Astrolabes usually consisted of a flat disc with a sighting rod
that could be pivoted to point at the Sun or bright stars.

From the altitude of the Sun or star above the horizon, the local
time could be estimated.

ASTROLABE — AN INSTRUMENT WITH A PAST AND A FUTURE

http://myhouse.com/mc/planet/
astrodir/astrolab.htm

Good guide to this ancient astronomical computer. The long history
of the instrument, and its importance in the history of astrology and
astronomy, is explained with the help of good photographs. A
section on the parts of the astrolabe explains how the instrument
works and its uses.

astronautics science of space iravel. See Orocket; (satellite;
Hspace probe.

Astronomer Royal honorary post in British astronomy.
Originally it was held by the director of the Royal Greenwich
Observatory; since 1972 the title of Astronomer Royal has been
awarded separately as an honorary title to an outstanding British
astronomer. The Astronomer Royal from 1995 is Martin Rees.
There is a separate post of Astronomer Royal for Scotland.

Astronomical Almanac in astronomy, an international work of
reference published jointly every year by the jRoyal Greenwich
Observatory and the pUS Naval Observatory containing detalled
tables of planetary i Hecli and other astr ical phe-
nomena.

astronomical unit unit (symbol AU) equal to the mean distance
of the Earth from the Sun: 149,597,870 km/92,955,800 mi. It is
used to describe planetary distances. Light travels this distance in
approximately 8.3 minutes.

astronomy science of the celestial bodies: the Sun, the Moon, and
the planets; the stars and galaxies: and all other objects in the uni-
verse. It is concerned with their p motions, dist and
physical conditions and with their origins and evolution. Astronomy
thus divides into fields such as astrophysics, celestial mechanics,
and Ocosmology. See also pgamma-ray astronomy, pinfrared
astronomy, pradio astronomy, {ultraviolet astronomy, and pX-ray
astronomy.

Greek astronomers Astronomy is perhaps the oldest recorded sci-
ence; there are observational records from aucient Babylonia,
China, Egypt, and Mexico. The first true astronomers, however,
were the Greeks, who deduced the Earth to be a sphere and
d to measure its size. Ancient Greek astronomers includ-

astrometry measurement of the precise positions of stars, plan-
ets, and other bodies in space. Such information is needed for prac-
tical purposes including accurate timekeeping, surveying and nav-
igation, and calculating orbits and measuring distances in space.
Astrometry is not concerned with the surface features or the phys-
ical nature of the hody under study.

Before telescopes, astronomical observations were simple
astrometry. Precise astrometry has shown that stars are not fixed
in position, but have a pproper motion caused as they and the Sun
orbit the Milky Way Galaxy. The nearest stars also show dparallax
(apparent change in position), from which their distances can be
calculated. Above the distorting effects of the atmosphere, satellites
such as OHlipparcos can make even more precise measurements
than ground telescopes, so refining the distance scale of space.

astronaut person making flights inte space; the term cosmonaut
is used in the West for any astronaut from the former Soviet Union.

ASTRONAUT

Astronauts in space cannot belch. It is gravity that
causes bubbles to rise to the top of a liquid, so
space shuttle crews were forced to request less gas in
their fizzy drinks to avoid discomfort.

ed Thales and OPythagoras. Eratosthenes of Cyrene measured the
size of the Earth with considerable accuracy. Star catalogues were
drawn up, the most celebrated being that of Hipparchus. The
Almagest, by (Ptolemy of Alexandria, summarized Greek astrono-
my and survived in its Arabic translation. The Greeks still regard-
ed the Earth as the centre of the universe, although this was doubt-
ed by some philosophers, notably Aristarchus of Sames, whe main-
tained that the Earth moves around the Sun.

Ptolemy, the last famous astronomer of the Greek school, died
about AD 180, and little progress was made for some centuries.
Arab revival The Arabs revived the science, developing the astro-
labe and producing good star catalogues. Unfortunately, a general
belief in the pseudoscience of astrology continued until the end of
the Middle Ages (and has been revived from time to time).
the Sun at the centre The dawn of a new era came in 1543, when
a Polish canon, pCopernicus, published a wurk enutled De revolu-

i orbium lestium/On the Revoll the H ly
Spheres, in which he demonstrated that the Sun, not the Earth, is
the centre of our planetary system. (Copernicus was wrong in many
respects — for instance, he still believed that all celestial orbits must
be perfectly circular.) Tycho OBrahe, a Dane, increased the accura-
cy of observations by means of improved instruments allied to his
own personal skill, and his observations were used by German
mathematician Johannes 0Kepler to prove the validity of the
Copernican system. Considerable opposition existed, however, for
removing the Earth from its central position in the universe; the
Catholic church was openly hostile to the idea, and, ironically,
Brahe never accepted the idea that the Earth could move around
the Sun. Yet before the end of the 17th century, the theoretical
work of Isaac )Newton had established celestial mechanics.
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Astronomy: chronology

2300 8C Chinese astronomers made their earliest observations. 1931 Karl Jansky founded radio astronomy.

2000 Babylonian priests made their first observational records. 1945 Radar contact with the Moon was established by Z Bay of

1900 Stonehenge was constructed: first phase. Hungary and the US Army Signal Corps Laboratory.

434 Anaxagoras claims the Sun is made up of hot rock. 1948 The §-m/200-in Hale reflector telescope was installed at

365 The Chinese observed the satellites of Jupiter with the naked Mount Palomar, Califomia, USA.
eye. 1957 The Jodrell Bank telescope dish in England was completed.

3rd century Avristarchus argued that the Sun is the centre of the Solar 1957 The first Sputnik satellite (USSR) opened the age of space
System. observation.

2nd century Ptolemy's complicated Earth-centred system was 1962 The first X-ray source was discovered in Scorpius.

AD promulgated, which dominated the astronomy of the Middle 1963 The first quasar was discovered.

es. 1967 The first pulsar was discovered by Jocelyn Bell and Antony

1543 Copemicus revived the ideas of Aristarchus in De: Hewish.

Revolutionibus. 1969 The first crewed Moon landing was made by US astronauts.

1608 Hans Lippershey invented the telescope, which was first used 1976 A 6m/240 in reflector telescope was instalied at Mount
by Galileo in 1609. Semirodniki, USSR.

1609 Johannes Kepler's first two laws of planetary motion were 1977 Uranus was discovered to have rings.
published (the third appeared in 1619). 1977 The spacecraft Voyager1 and 2 were launched, passing

1632 The world's first official observatory was established in Leiden Jupiter and Satum 1979-1681.
in the Netherlands. 1978 The spacecraft Pioneer Venus 1 and 2 reached Venus.

1633 Galileo's thecries were condemned by the Inquisition. 1978 A satellite of Pluto, Charon, was discovered by James Christy

1675 The Royal Greenwich Observatory was founded in England. of the US Naval Observatory.

1687 Isaac Newton's Principia was published, including his ‘law of 1986 Halley's comet retumed. Voyager 2 flew past Uranus and
universal gravitation’. discovered six new moons.

1705 Edmond Halley correctly predicted that the comet that had 1987 Supemova SN1987A fiared up, becoming the first supemova
passed the Earth in 1682 would retum in 1758; the comet was to be visible to the naked eye since 1604. The 4.2-m/165-in
later to be known by his name. William Hersche) Telescope on La Palma, Canary Islands, and

1781 William Hersche! discovered Uranus and recognized stellar the James Clerk Maxwell Telescope on Mauna Kea, Hawail,
systems beyond our Galaxy. began operation.

1796 Pierre Laplace elaborated his theory of the origin of the solar 1988 The most distant individual star was recorded — a supemova,
system, S billion light years away, in the AC118 cluster of galaxies.

1801 Giuseppe Piazzi discovered the first asteroid, Ceres. 1989 Voyager 2 flew by Neptune and discovered eight moons and

1814 Joseph von Fraunhofer first studied absorption lines in the three nings.
solar spectrum. 1990 Hubble Space Telescope was launched into orbit by the US

1846 Neptune was identified by Johann Galle, following space shuttle.
predictions by John Adams and Urbain Leverrier. 1991 The space probe Galileo flew past the asteroid Gaspra,

1859 Gustav Kirchhoff explained dark lines in the Sun's spectrum. approaching it to within 26,000 km/16,200 mi.

1887 The earliest photographic star charts were produced. 1992 COBE satellite detected ripples from the Big Bang that mark

1889 Edward Bamard took the first photographs of the Mitky Way. the first stage in the formation of galaxies.

1908 Fragment of comet fell at Tunguska, Siberia. 1994 Fragments of comet Shoemaker-Levy struck Jupiter.

1920 Arthur Eddington began the studly of interstelfar matter. 1996 US astronomers discovered the most distant galaxy so far

1923 Edwin Hubble proved that the galaxies are systems detected. It is in the constellation Virgo and is 14 billion light
independent of the Milky Way, and by 1930 had confirmed years from Earth.
the concept of an expanding universe. 1997 Data from the sateliite Hipparicos improved estimates of the

1930 The planet Pluto was discovered by Clyde Tombaugh at the age of the universe, and the distances to many nearby stars.
Lowell Observatory, Arizona, USA.

Galilea and the telescope The refracting telescope was invented
abont 1608, by Hans Lippershey in Holland, and was first applied
to astronomy by ltalian scientist ¢Galileo in the winter of 1609-10.
Immediately, Galilee made a series of spectacular discoveries. He
found the four largest satellites of Jupiter, which gave strong sup-
port ta the Copernican theory; he saw the craters of the Moon, the
phases of Venus, and the myriad faint stars of our (Galaxy, the
Milky Way.

Galilea's most powerful telescope magnified only 30 times, but it
was not long before larger telescopes were built and official ebser-
vataries were established.

Galileo's telescope was a refractor; that is 1o say, it collected its
light by means of a glass lens ar abject glass. Difficulties with his
design led Newton, in 1671, to construct a reflector, in which the
light is collected by means of a curved mirror.

Jurther discaveries In the 17th and 18th centuries astronomy was
mostly concerned with pasitional measurements. Uranns was dis-
cavered 1781 by William ¢Herschel, and this was soon follawed by
the discavery of the first four astercids, Ceres in 1801, Pallas in
1802, Juno in 1804, and Vesta in 1807. In 1846 Neptune was locat-
ed by Johann Galle, fellowing calculations by British astronomer
John Couch Adams and French astrenomer Urbain Jean Joseph
Leverrier. Also significant was the first measurement of the dis-

tance of a star, when in 1838 the German astrenomer Friedrich
Bessel measured the (parallax of the star 61 Cygni, and calculated
that it lies at a distance of about 6 light years (about half the cor-
rect value).

Astronomical spectroscopy was develaped, first by Fraunhofer in
Germany and then by people such as Pietro Angelo Secchi and
William Huggins, while Gustav (Kirchhoff successfully interpreted
the spectra of the Sun and stars. By the 1860s gaod photographs of
the Maon had been obtained, and by the end of the century photo-
graphic methods had started to play a leading role in research.
galaxies William Herschel, prehably the greatest observer in the
histary of astrenomy, investigated the shape of our Galaxy during
the latter part of the 18th century and concluded that its s
arranged rounghly in the form of a double-convex lens. Basically
Herschel was correct, althaugh he placed our Sun near the centre
of the system; in fact, it is well out towards the edge, and lies
25,000 light years from the galactic nucleus. Herschel alsa studied
the luminous ‘clouds’ or nebulae, and made the tentative sugges-
tion that these nebulae capable of resolution into stars might be
separate galaxies, far outside our own Galaxy.

It was not until 1923 that US astronomer Edwin Hubble, using
the 2.5 m/100 in reflector at the Mount Wilson Observatory, was
able to verify this suggestion. 1t is now knewn that the ‘spiral neb-
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ulae’ are galaxies in their own right, and that they lie at immense
distances. The most distant galaxy visible to the naked eye, the
Great Spiral in 0Andromeda, is 2.2 million light years away; the
most remote galaxy so far measured lies over 10 billion light years
away. It was also found that galaxies tended to form groups, and
that the groups were apparently receding from each other at
speeds proportional to their distances.

a growlng universe This pt of an expanding and
universe at first rested largely on Hubble's ]aw relatmg the rhstance
of objects to the amount their spectra shift towards red - the jred
shift. Subsequent evidence derived from objects studied in other
parts of the (electromagnetic spectrum, at radio and X-ray
wavelengths, has provided confirmation. ¢Radio astronomy
established its place in probing the structure of the universe by
demonstrating in 1954 that an optically visible distant galaxy was
identical with a powerful radio source known as Cygnus A. Later
analysis of the comparative number, strength, and distance of radio
sources suggested that in the distant past these, including the
Oquasars discovered in 1963, had been much more powerful and
numerous than today. This fact suggested that the universe has been
evolving from an origin, and is not of infinite age as expected under
a Qsteady-state theory.

The discovery in 1965 of microwave background radiation was

evidence for the enormous temperature of the giant explosion, or
Big Bang, that brought the nniverse into existence.
Jurther exploration Although the practical limit in size and effi-
ciency of optical telescopes has apparently been reached, the siting
of these and other types of telescope at new observatories in the
previously neglected southern h phere has opened fresh areas
of the sky to search. Australia has been in the forefront of these
developments. The most remarkable recent extension of the pow-
ers of astronomy to explore the universe is in the use of rockets,
satellites, space stations, and space probes. Even the range and
accuracy of the conventional telescope may be greatly improved
free from the Earth's atmosphere. When the USA launched the
Hubble Space Telescope into permanent orbit in 1990, it was the
most powerful optical telescope yet constructed, with a 2.4 m/94.5
in mirror. It detects celestial phenomena seven times more distant
(up to 14 billion light years) than any Earth-based telescope.

See also pblack hole and dinfrared radiation.

curve if limit d tends to zero as the point moves towards infinity.
Among dconic sections (curves obtained by the intersection of a
plane and a double cone), a hyperbola has two asymptotes, which in
the case of a rectangular hyperbola are at right angles to each other.

asynchronous irregular or not synchronized. In computer com-
munications, the term is usually applied to data transmitted irreg-
ularly rather than as a steady stream. Asynchronous communica-
tion uses gstart bits and pstop bits to indicate the beginning and
end of each piece of data. Most personal computer communications
are hronous, includi tions across the Internet.

-]

asynchronous transfer mode (ATM) in computing, high-speed
computer ¢networking standard suitable for all types of data,
including voice and video, that can be used on both private and
public networks. ATM is used mainly on the core ‘backbones’ of
large communications networks and in wide-area networks.

The basic technology was developed as part of the Cambridge
Ring in the late 1970s, and is now being adopted by companies
such as IBM and AT&T.

ATAPI (abbreviation for Ad d Technol Attach t
Packet Interface) in compnting, enhancement to integrated drive
electronics (IDE) that allows easier installation and support of CD-
ROM drives and other devices. Part of the Enhanced IDE standard
introduced by hard disc manufacturer Western Digital in 1994,
ATAPI uses a standard software device driver and does away with
the need for older, proprietary interfaces.

atavism (Latin atavus ‘ancestor’) in genetics, the reappearance
of a characteristic not apparent in the immediately preceding gen-
erations; in psychology, the manifestation of primitive forms of
behaviour.

ataxia loss of
or disease.

lar coordi due to neurol g

AT command set (abbreviation for attention command set) set
of standard ds allowing a ¢ 1o be controlled via soft-
ware. These commands are used via special communications soft-
ware to control a modem's actions from the computer console. The
most common are ATZ to reset the modem and ATH to hang the
modem up at the end of a call. The set was invented by Hayes
G Products for its earliest moderns.

We now have direct evidence of the birth of the Universe and its
evolution ... ripples in space-time laid down earlier than the
first billionth of a second. If you're religious it's like seeing God.

GEORGE Smoot US astrop!

Ateles genus of pspider monkey.

atheroma furring-up of the interior of an artery by deposits,
mamly of cholesterul within its walls.

Attributed remark 1992

astrophotography use of photography in astronomical research.
The first successful photograph of a celestial object was the
daguerrcotype plate of the Moon taken by John W Draper
{1811-1882) of the USA in March 1840. The first photograph of a
star, Vega, was taken by US astronomer William C Bond
(1789-1859) in 1850. Medern-day astrophotography uses tech-
niques such as Ocharge-coupled devices (CCDs).

astrophysics study of the physical nature of stars, galaxies, and
the universe. It began with the development of spectroscopy in the
19th century, which allowed astronomers to analyse the composi-
tion of stars from their light. Astrophysicists view the universe as a
vast natural laboratory in which they can study matter under con-
ditions of temperature, pressure, and density that are unattainable
on Earth.

asymmetric digital subscriber loop in computing, standard for
transmitting video data; see )ADSL.

asymptote in (coordinate geometry, a straight line that a curve
approaches progressively more closely but never reaches. The x
and y axes are asymptotes to the graph of xy = constant (a rectan-
gular dhyperhola).

if a point on a curve approaches a straight line such that its dis-
tance from the straight line is d, then the line is an asymptote to the

d with atherosclerosis, atheroma has the effect of nar-
rowmg the lumen (channel) of the artery, thus restricting blood
flow. This predisposes to a number of conditions, including throm-
besis, angina, and stroke.

atherosclerosis thickening and hardening of the walls of the
arteries, associated with 0atheroma.

Atlas rocket US rocket, originally designed and built as an inter-
continental missile, but subsequently adapted for space nse. Atlas
rockets launched astronauts in the Mercury series into orbit, as
well as numerous other satellites and space probes.

ATM in computing, abbreviation for dasynchronous transfer
mode, aut d teller hi or 9Adobe Type Manager.
depending on context.

atmosphere mixture of gases surrounding a planet. Planetary
atmospheres are prevented from escaping by the pull of gravity. On
Earth, atmospheric pressure decreases with altitude. In its lowest
layer, the atmosphere consists of 78% nitrogen and 21% oxygen,
both in molecular form (two atoms bonded together), and 1% argon.
Small quantities of other gases, including water and carbon dioxide,
are important in the chemistry and physics of Earth's atmosphere.
The atmospbere plays a major part in the various cycles of nature
(the Qwater cycle, the dcarbon cycle, and the Onitrogen cycle). It is
the principal industrial source of nitrogen, oxygen, and argon, which
are obtained by the fractional distillation of liquid air.

The combination of gases, moisture, and dust particles in the
Earth’s atmosphere filter, reflect, refract, and scatter the rays of
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tlight energy travelling from the Sun. Visible light varies in colour,
the shorter wavelengths being hlue and the longer wavelengths
being red. Blue light waves are readily scattered by tiny particles
of matter in the here, while the r ining light waves trav-
el on uninterrupted unless they meet up with larger particles.
Thus, the clearer and less polluted the atmosphere, the bluer the
sky will appear; when there are smoke particles or other pollutants
in the atmosphere, more of the colour rays are scattered and the
sky will appear greyer and darker. Water droplets reflect the light

height in km

@ ‘l 10popause

fevel

rays rather than scatter them, and so in a moist atmosphere the
sky will appear a paler blue. Hence. the sky will appear deepest
hlue where the atmosphere is driest and least polluted. and when
the sun is directly overhead. At sunrise or sunset, when sunlight
has further to travel through the atmosphere. more of the light
waves are scattered, and any undisturbed red light waves will give
the sun and sky near the horizon a red or orange appearance. At
higher altitudes, as the atmosphere thins, there are fewer particles
to scatter the light rays and so more are absorhed, and the sky

g

RS

atmosphere All but 1% of the Earth's atmosphere lies in a layer 30 km{19 mi above the ground. At a height of 5,500 m/18,000 ft, air pressure
is half that at sea level. The temperature of the atmosphere varies greatly with height; this produces a series of layers, called the troposphere,

stratosphere, mesosphere, and thermosphere.
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Atmosphere: composition

carbondioxide  COq 0.03
buming fossil fuels

gas symbol  volume (%) role
nitrogen Ny 78.08 cycled through human activities and through the action of microorganisms on animal and plant waste
oxygen O, 20.94 cycled mainly through the respiration of animals and plants and through the action of photosynthesis

cycled through respiration and photosynthesis in exchange reactions with oxygen. It is also a product of

a product of oxygen molecules split into single atoms by the Sun's radiation and unaltered oxygen molecules

argon Ar 0.093 chemically inert and with only a few industrial uses
neon Ne 0.0018 as argon

helium He 0.0005 asargon

krypton Kr trace asargon

Xenon Xe trace asargon

ozone O, 0.00006

hydrogen Hy 0.00005 unimportant; it is so light it escapes into space

tends to lose its colour and appear darker. The phenomenon of why
the sky appears blue was first demonstrated by British physicist
John Tyndall in the mid-19th century, and later explained theoret-
ically by Lord Rayleigh.

atmosphere or stendard atmosphere in physics, a unit (symbol
atm) of pressure equal to 760 torr, 1013.25 millibars, or 1.01325 x
10° newtons per square metre. The actual pressure exerted by the
atmosphere fluctuates around this value, which is assumed to be
standard at sea level and 0°C/32°F, and is used when dealing with
very high pressures.

atmospheric pressure the pressure at any point on the Earth’s
surface that is due to the weight of the column of air above it; it
therefore decreases as altitude increases. At sea level the average
pressure is 101 kilopascals (1,013 millibars, 760 mmHg, or 14.7 Ib
per sq in).

Changes in atmospheric pressure, measured with a barometer,
are used in weather forecasting. Areas of relatively high pressure
are called panticyclones; areas of low pressure are called
pdepressions.

To remember the effects of falling and rising atmespheric
pressure:

VHEN PRESSURE IS FALLING, STORMS MAY COME A’CALLING.
WHEN PRESSURE 1S HIGH, EXPECT CLEAR BLUE SKY.

L

atoll continuous or broken circle of {coral reef and low coral
islands surrounding a lagoon.

atom Greek atomos ‘undivided’ smallest unit of matter that can
take part in a chemical reaction, and which canuot be broken down
chemically into auything simpler. An atom is made up of protons
and neutrous in a central nucleus surrounded by electrons (see
patomic structure). The atoms of the various elements differ in
atomic number, relative atomic mass, and chemical behaviour.

Atoms are much too small to be seen even by even the most
powerful optical microscope (the largest, caesium, has a diame-
ter of 0.0000005 mm/0.00000002 in), and they are iu constant
motion. However, modern electron microscopes, such as the
Oscauning tunnelling microscope (STM) and the datomic force
microscope (AFM), can produce images of individual atoms and
molecules,

The unleashed power of the atom has changed everything save
our modes of thinking and we thus drift toward unparalleled
catastrophe.

Avgert EinsteIN German-born US physicist.
Telegram sent to prominent Americans 24 May 1946

(1)

sodium 2.8.1 sulphur 2.8.6

atom, electronic structure The arrangement of electrons in a sodium
atom and a sulphur atom. The number of electrons in a neutral
atom gives that atom its atomic number: sodium has an atomic
number of 11 and sulphur has an atomic number of 16.

atom, electronic structure of the arrangement of electrons
around the nucleus of au atom, in distinct energy levels, also called
orbitals or shells (see porbital, patomic). These shells can be regard-
ed as a series of concentric spheres, each of which can contain a cer-
tain maximum number of electrons; the uoble gases have an
arrangement in which every shell contains this number (see {noble
gas structure). The energy levels are usually numbered beginning
with the shell nearest to the nucleus. The outermost shell is known
as the pvalency shell as it contains the valence electrons.

The lowest energy level, or innermost shell, can contain no more
than two electrons. Outer shells are considered to be stable when
they contain eight electrons but additional electrons can sometimes
be accommodated provided that the outermost shell has a stable
configuration. Electrons in unfilled shells are available to take part
in chemical bonding, giving rise to the concept of valency. In ions,
the electron shells contain more or fewer electrons than are
required for a meutral atom, generating negative or positive
charges.

The atomic number of an el t indicates the of elec-
trons in a neutral atom. From this it is possible to deduce its elec-
tronic structure. For example, sodium has atomic number 11 (Z =
11) and its electronic arrangement (configuration) is two elec-
trons in the first energy level, eight electrons in the second ener-
gy level and one electron in the third eunergy level - generally
written as 2.8.1. Similarly for sulphur (Z = 16), the electron
arrangement will be 2.8.6. The electronic structure dictates
whether two elements will combine by ionic or covalent bonding
(see Hboud) or not at all.

b,

atomic absorption spectrometry techuique used in archaeolo-
gy to determine quantitatively the chemical composition of artefac-
tual metals, minerals, and rocks, in order to identify raw material
sources, to relate artefacts of the same material, or to trace trade
routes. A sample of the material is atomized in a lame, and its light
intensity measured. The method is slow and destroys the sample.

1

atomic clock timek device reg d by various periodic

pr es occurring in atoms and molecules, such as atomic vibra-



63

ATP

tion or the frequency of absorbed or emitted radiation.

The first atomic clock was the ammonia clock, invented at the
US National Bureau of Standards in 1948. It was regulated by mea-
suring the speed at which the nitrogen atom in an ammonia male-
cule vibrated back and forth. The rate of molecular vibration is not
affected by temperature, pressure, or other external influences,
and can be used to regulate an electronic clock.

The sodium atom has an atomic radius of 1.57 angstroms (1.57
x 1078 cm). For metals, the size of the atom is always greater than
the size of its ion. For non-metals the reverse is true.

atomic structure internal structure of an Hatom.

the nucleus The core of the atom is the nucleus, a dense bady only

one ten-thousandth the diameter of the atom itself. The simplest
! that of hydrogen, comprises a single stable positively

A more accurate atomic clock is the ¢ clock. B of
its internal structure, a caesium atom produces or absorbs radia-
tion of a very precise frequency (9,192,631,770 Hz) that varies by
less than one part in 10 billion. This frequency has been used to
define the second. and is the basis of atomic clocks used in inter-
national timekeeping.

Hydrogen maser clocks, based on the radiation from hydrogen
atoms, are the most accurate. The hydrogen maser clock at the US
Naval Research Laharatory, Washington DC, is estimated to lose one
second in 1,700,000 years. Cooled hydrogen maser clocks could the-
oretically be accurate to within one second in 300 million years.

Atomic clacks are so accurate that minute adjustments must be
made periodically to the length of the year to keep the calendar
exactly synchronized with the Earth's rotation, which has a ten-
dency to slow down. There have been 17 adjustments made since
1972 addding a total of 20 seconds to the calendar. In 1997 the
northern bemisphere's summer was longer than usual - by one
second. An extra second was added to the world's time at precise-
ly 23 hours, 59 minutes, and 60 seconds on 30 June 1997. The
adjustment was called for by the International Earth Rotation
Service in Paris, which monitors the difference between Earth time
and atomic time.

atomic energy another name for pnuclear energy.

atomic force microscope (AFM) microscape developed in the
late 1980s that produces a magnified image using a diamond
probe, with a tip so fine that it may consist of a single atom,
dragged over the surface of a specimen 10 ‘feel’ the contours of the
surface. In effect, the tip acts like the stylus of a record player,
reading the surface. The tiny up-and-down movements of the
probe are converted to an image of the surface by computer and
displayed on a screen. The AFM is useful for examinatioa of bio-
logical specimens since, unlike the {scanning tunnelling micro-
scape, the specimen daes not have to be electrically conducting.

atomicity number of atoms of an (element that combine together
to form a molecule. A molecule of oxygen (0,) has atomicity 2; sul-
phur (Sg) has atomicity 8.

atomic mass see prelative atomic mass.

atomic mass unit or dalton unit (symbol amu or u) unit of mass
that is used to measure the relative mass of atoms and molecules.
It is equal to one-twelfth of the mass of a carbon-12 atom, which is
equivalent to the mass of a proton or 1.66 x 1027 kg. The ¢relative
atomic mass of an atom has no units; thus oxygen-16 has an atom-
ic mass of 16 daltons but a relative atomic mass of 16.

atomic number or proton number the number (symbol Z) of
protons in the nucleus of an atom. It is equal to the positive charge
on the nucleus.

In a neutral atom, it is alsa eqnal lo Lhe number of electrons sur-
rounding the 1 The are arranged in the
Operiodic table of the elements accardmg to their atomic number.
See also pnuclear notation.

atomic radiation energy given out by disintegrating atoms dur-
ing dradioactive decay, whether natural or synthesized. The ener-
gy may be in the form of fast-moving particles, known as dalpha
particles and ¢beta particles, or in the form of high-energy electro-
magnetic waves known as )gamma radiation. Overlong exposure to
atomic radiation can lead to dradiation sickness.

Radiation biology studies the effect of radiation on living organ-
isms. Exposure to atomic radiation is linked to chromosomal dam-
age, cancer. and, in laboratory animals at least, hereditary disease.

atomic size or atomic radius size of an atom expressed as the
radius in angstroms or other units of Iength.

charged particle, the proton. Nuclei of other elements contain more
protons and additional particles, called neutrons, of about the same
mass as the proton but with no electrical charge. Each element has
its own characteristic nucleus with a unique number of protans, the
atomic number. The number of neutrons may vary. Where atoms of
a single element have different numbers of neutrons, they are called
bisotopes. Although some isotopes tend to be unstable and exhibit
pradioactivity, they all have identical chemical properties.
electrons The nucleus is surrounded by a number of moving elee-
trons, each of which has a negative charge equal 1o the positive
charge on a proton, but which weighs only 133 times as much. In
a neutral atom, the nucleus is surrounded by the same number of
electrons as it coutains protons. According to Hquantum theory, the
position of an electron is uncertain; it may be found at any point.
However, it is more likely to be found in some places than others.
The region of space in which an electron is most likely to be found
is called an orbital (see porbital. atomic). The chemical properties
of an element are determined by the ease with which its atoms can
gain or lose electrons from its outer orbitals.

attraction and repulsion Atoms are held together by the electrical
forces of attraction between each negative electron and the positive
protons within the nucleus. The latter repel one another with enor-
mous farces; a nucleus holds together only because an even stronger
force, called the strong nuclear force, attracts the protons and neu-
trons to one another. The strong force acts over a very short range —
the protons and neutrons must be in virtual contact with oue anath-
er (see Hforces, fundamental). If, therefore, a fragment of a complex
nucleus, containing some protons, becomes only slightly loosened
from the main group of neutrons and protons, the natural repulsion
between the protons will cause this fragment to fly apart from the
rest of the nucleus a1 high speed. It is by such fragmentation of atom-
ic nuclei (nuclear $fission) that nuclear energy is released.

atomic time time as given by atomic clocks, which are regulat-
ed by natural resonauce frequencies of particular atoms, and dis-
play a continuous count of seconds.

In 1967 a new definition of the second was adopted in the SI sys-
tem of units: the duration of 9,192,631.770 periods of the radiation
corresponding to the transition between two hyperfine levels of the
ground state of the caesium-133 atom. The International Atomic
Time Scale is based on clock data from a number of countries; it is a
continuous scale in days, hours, minutes, and seconds from the ori-
gin on 1 January 1958, when the Atomic Time Scale was made 0 h
0 min 0 sec when Greenwich Mean Time was at 0 h 0 min 0 sec.

atomic weight another name for drelative atomic mass.

atomizer device that produces a spray of fine droplets of liquid. A
vertical tube connected with a harizontal tube dips into a bottle of
liquid, and at one end of the horizontal tube is a nozzle, at the other
a rubber bulb. When the bulb is squeezed, air rushes over the top of
the vertical tube and out through the nozzle. Following ¢Bernoulli’s
principle, the pressure at the top of the vertical tube is reduced,
allowing the liquid to rise. The air stream picks up the liquid, breaks
it up into tiny drops, and carries it out of the nozzle as a spray. Scent
spray, paint spray guns, and carburettors all use the principle of the
atomizer.

ATP (abbreviation for ad i sphate), a de mole-
cule found in all cells. It can vne]d large amouan of energy, and is
used to drive the thousands ofhmloglcal processes needed to sustain
life, growth, movement, and reproduction. Green plants use light
energy to manufacture ATP as part of the process of
tphotosynthesis. In animals, ATP is formed by the breakdown of glu-
cose malecules, usually obtained from the carbohydrate component
of a diet, in a series of reactions termed prespiration. It is the driving
force behind muscle contraction and the synthesis of complex mole-
cules needed by individual cells.
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atrium either of the two upper chambers of the heart. The left atri-
um receives freshly oxygenated blood from the lungs via the pul-
monary vein; the right atrium receives deoxygenated blood from the
Hvena cava. Atrium walls are thin and stretch easily to allow blood
into the heart. On contraction, the atria force blood into the thick-
walled ventricles, which then give a second, more powerful beat.

atrophy in medicine, a diminution in size and function, or output,
of a body tissne or organ. It is usually due to nutritional impairment,
disease, or disuse (muscle).

atropine alkaloid derived from pbelladonna, a plant with toxic
properties. It acts as an anticholinergic, inhibiting the passage of
certain nerve impulses. It is used in premedication, to reduce
bronchial and gastric secretions. It is also administered as a mild
antispasmodic drug, and to dilate the pupil of the eye.

attachment way of incorporating a file into an e-mail message for
transmission. Within a single system, such as a corporate local area
network (LAN) or a commercial online service, (binary files can be
sent intact. Over the Internet, attached files must be encoded into
OASCII characters and then decoded by the receiver. See {MIME,

attar of roses perfume derived from the essential oil of roses (usu-
ally damask roses), obtained by crushing and distilling the petals of
the flowers.

attention-deficit hyperactivity disorder (ADHD) psychiatric
condition occurring in young children characterized by impaired
attention and hyperactivity. The disorder, associated with disruptive
behaviour, learning difficulties, and under-achievement, is more
common in boys. 1t is treated with methylphenidate (Ritalin). There
was a 50% increase in the nse of the drug in the USA 1994-96, with
an estimated 5% of school-age boys diagnosed as suffering from
ADHD.

In 1996, US researchers found that 50% of children diagnosed as
ADHD sufferers carry a gene that affects brain cell respense to the
neurotransmitter dopamine. The same gene has also been linked to
impulsiveness in adults. Diagnosis requires the presence, for at least
six months, of eight behavioural problems, first developing before
the age of seven. In addition to their hyperactivity, such children are
found to be reckless, impulsive, and accident prone; they are ofien
aggressive and tend to be unpopular with other children. The out-
Took for ADHD sufferers varies, with up to a quarter being diagnosed
with antisocial personality disorder as adults.

aubergine or eggplant plant bel to the nightshade family,
native to tropical Asia. Its purple-skinned, sometimes white, fruits
are eaten as a ble. (Sol ! family Sol )

aubrieta any of a group of spring-flowering dwarf perennial plants
native to the Middle East. All are trailing plants with showy, purple
flowers. They are widely cultivated in rock gardens. (Genus
Aubrieta, family Cruciferae.)

audio file computer file that encodes sounds which can be played
back using the appropriate software and hardware. On the World
Wide Web, the latest types of audio files can be played on the nser’s
computer system in real time while they are being downloaded.
Apple Macintosh computers have sound capabilities built in, as do
multimedia personal computers (MPCs). Older PCs need to have a
psound card installed in order to achieve good playback quality.

audio-video interleave in computing, dfile format for video clips.

auditory canal tube leading from the outer dear opening to the
eardrum. It is found ounly in animals whose eardrums are located
inside the skull, principally mammals and birds.

audit trail record of computer operations, showing what has been
done and, if available, who has done it. The term is taken from
accountancy, but audit trails are now widely used to check many
aspects of computer security, in addition to use in accounts pro-
grams.

auger tool for boring holes. Originally. a carpenter's tool, with a
cutting edge and a screw point, manipulated by means of a handle
at right angles to the shank. In archaeology a large auger is nsed
to collect sediment and soil samples below ground withont hand

e S *_ & \
auk The Atlantic, or common, puffin Fratercula arctica lives in the
open seas and breeds on the rocky coasts of the N Atlantic. With its
short tail and narrow wings, which beat rapidly in flight, the puffin
is a typical auk. Like all of the auks, the puffin spends most of its life
at sea, coming ashore only during the breeding season. Its colourful
striped beak has serrated edges to allow it to catch and grip many
small fish before flying back to the nest. Premaphotos Wildlife

excavation, or to determine the depth and type of archaeological
deposits. The auger may be hand- or machine-powered.

augmented reality use of computer systems and data to overlay
video or other real-life representations. For example, a video of a car
engine with the mechanical drawings overlaid.

auk oceanic bird belonging to the family Alcidac, order
Charadriiformes, consisting of 22 species of marine diving birds
including razorbills, puffins, murres, and guillemots. Confined to
the northern hemisphere, their range extends from well inside the
Arectic Circle to the lower temperate regions. They feed on fish, and
use their wings to ‘fly’ underwater in pursuit.

Most auks are colonial, breeding on stack tops or cliff edges,
although some nest in crevices or holes. With the exception of one
species they all lay a single large, very pointed egg.

AUP abbreviation for acceptable use policy; see facceptable use.

auricula species of oprimrose, a plant whose leaves are said to
resemble a bear's ears. It grows wild in the Alps but is popular in
cool-climate areas and often cultivated in gardens. (Primula
auricula.)

Auriga constellation of the northern hemisphere, represented as
a charioteer. lts brightest star is the first-magnitude ¢Capella,
about 45 light years from Earth; Epsilon Aurigae is an peclipsing
binary star with a period of 27 years, the longest of its kind (last
eclipse 1983).

aurochs (plural aurochs) extinct species of long-horned wild cat-
tle Bos primigenius that formerly roamed Europe, SW Asia, and N
Africa. It survived in Poland until 1627. Black to reddish or grey, it
was up to 1.8 m/6 fi at the shoulder. it is depicted in many cave
paintings, and is considered the ancestor of domestic cattle.

aurora coloured light in the night sky near the Earth's magnetic
poles, called aurora borealis (‘northern lights’) in the northern
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hemisphere and aurora australis in the southern hemisphere.
Although aurorae are usually restricted to the polar skies, fluctua-
tions in the ¢solar wind occasionally cause them to be visible at
lower latitudes. An aurora is usually in the form of a lJuminous arch
with its apex towards the magnetic pole followed by arcs, bands,
rays, curtains, and coronas, usually green but often showing shades
of blue and red, and sometimes yellow or white. Aurorae are caused
at heights of over 100 km/60 mi by a fast stream of charged parti-
cles from solar flares and low-density ‘holes’ in the Sun’s corona.
These are guided by the Earth's magnetic field towards the
north and south magnetic poles, where they enter the upper atmos-
phere and bombard the gases in the atmosphere, causing them to
emit visible light.
auscultation evaluation of internal organs by listening, usually
with the aid of a stethoscope.

AUSSAT organization formed in 1981 by the federal government
of Australia and Telecom Australia to own and operate Australia's
domestic satellite system. The first stage. Aussat I, was launched
by the US space shuttle Discovery in 1985 and the third and final
stage was launched from French Guiana, South America, in 1987.
The AUSSAT satellite system enables people in remote outhack
areas of Australia to receive television broadcasts.

Australian cattle dog breed of herding dog known also as a
‘heeler’ from its technique of controlling cattle by nipping their
heels. It has a short coat flecked with red or blue, pricked ears, and
a loug tail, and stands about 51 cm/20 in tall.

Bred from imported collies, Australian cattle dogs are also
claimed to have ¢dingo blood.

Australian Museum the original museum of Australia, which
dates from 1827, when it was known as the Colonial Museum.
Housed in Sydney. New South Wales, its collection covers anthro-
pology, geology, palaeontology, and the natural sciences (with the
exception of botany). It is rated as one of the major natural history
museums in the world.

Australian sheepdog breed of dog. See tkelpie.

Australian terrier small low-set dog with a long body and
straight back. Its straight, rough coat is about 5-6.5 cm/2-2.5 in
long, and blue or silver-grey, and tan or clear red or sandy in
colour. It has a long head with a topknot of soft hair and ears either
pricked or dropped forwards towards the front. Australian terriers
are about 25 cm/10 in high and weigh 4.5-5 kg/10-11 b

The Australian terrier traces its ancestry to the Cairn, Norwich,
and Yorkshire terriers.

Australia Prize annual award for achievement internationally in
science and technology, established 1990 and worth £115.000.

The first winners were Allan Kerr of Adelaide University,
Australia; Eugene Nester of Washington University. USA; and Jeff
Schell of the Max Planck Institute in Cologne, Germany. Their stud-
ies of the genetic systems of the crown-gall bacterium
Agrobacterium tumefaciens led to the creation of genetically engi-
neered plants resistant to herbicides, pests, and viruses.

Australia Telescope giant radio telescope in New South Wales,
Australia, operated by the Commounwealth Scientific and Industrial
Research Organization (CSIRO). It consists of six 22-m/72-fi anten-
nae at Culgoora, a similar antenna at Siding Spring Mountain, and
the 64-m/210-ft ¢Parkes radio telescope ~ the whole simulating a
dish 300 m/186 mi across.

Australopithecus the first hominid, living 3.5-4 million years
ago; see human species, dorigins of.

authentication system for certifying the origin of an electronic
communication. In the real world, a handwritten signature authen-
ticates a document, for example a contract, as coming from a par-
ticular person. In the electronic world, encryption systems provide
the same function via ¢digital signatures and other techniques.

In dpublic-key cryptography, for example, the ability to decrypt
a message with a particular user's public key autheuticates the
message as coming from that user and no one else. Authentication
is an essential requirement for electronic commerce.

authoring development of multimedia presentations. Authoring
includes pulling together the necessary audio, video, graphics, and
text files and formatting them for display.

authoring tool software that allows developers to create multi-
media presentations or World Wide Web pages. Typically, these
tools automate some of the more difficult parts of generating pro-
gram source codes so that developers can work on a higher, more
abstract level. Popular authoring tools for the World Wide Web
include Hot Metal and HTML Assistant, both available in
¢shareware versions.

authorization permission to access a particular system.
Uaauthorized access 10 private computer systems was made illegal
in many countries during the late 1980s.

autism, infantile rare disorder, generally present from birth,
characterized by a withdrawn state and a failure 10 develop nor-
mally in language or social behaviour. Although the autistic child
may, rarely, show signs of high intelligence (in music or with num-
bers, for example), many have impaired intellect. The cause is
unknown, but is thought to involve a number of factors, possibly
including an inherent abnormality of the child's brain. Special edu-
cation may bring about some improvement.

Autism was mma.lh deﬁned by four common traits ~ preference
for al need for elaborate routines;
and the possession of some abilities that seem exceptional com-
pared with other deficits - but curreunt clinical diagnosis involves
wider criteria.

AutoCAD the leading computer-aided design (CAD) software
package. It is published by the specialist US company AutoDesk
(founded 1982). Users include engineers, architects. and designers.

autochrome in photography, a single-plate additive colour
process devised by the $Lumiére brothers in 1903. It was the first
commercially available process, in use 1907-35.

autoclave pressurized vessel that uses superheated steam to
sterilize materials and equipment such as surgical instruments. It
is similar in principle to a pressure cooker.

autoexec.bat in computing, a file in the $MS-DOS operating sys-
tem that is automatically run wben the computer is $booted.

autogiro or autogyro heavier-than-air craft that supports itself
in the air with a rotary wing, or rotor. The Spanish aviator Juan de
la Cierva designed the first successful autogiro in 1923. The auto-
giro's rotor provides only lift and not propulsion; it has been super-
seded by the helicopter, in which the rotor provides both. The auto-
giro is propelled by an orthodox propeller.

The three- or four-bladed rotor on an autogiro spins in a hori-
zontal plane on top of the craft, and is not driven by the engine. The
blades have an aerofoil cross section, as a plane’s wings. When the
autogiro moves forward, the rotor starts to rotate by itself, a state
known as autorotation. When travelling fast enough, the rotor
develops enough lift from its aerofoil blades to support the craft.

autoimmunity in medicine, condition where the body's immune
responses are mobilized not against "foreign’ matter, such as invad-
ing germs, but against the body itself. Diseases considered to be of
autoimmune origin include myasthenia gravis, ¢rh toid
arthritis, and ¢lupus erythematous.

In autoimmune diseases T-lymphocytes reproduce to excess to
bome in on a target (properly a foreign disease-causing molecule);
however, molecules of the body’s own tissue that resemble the tar-
get may also be attacked, for example insulin-producing cells,
resulting in insulin-dependent diabetes: if certain joint membrane
cells are attacked, then rheumatoid arthritis may result; and if
myelin, the basic protein of the nervous system. then multiple scle-
rosis results. In 1990 in Israel a T-cell vaccine was produced that
arrests the excessive reproduction of T-lymphocytes attacking
bealthy target tissues.

autolysis in biology, the destruction of a ycell after its death by
the action of its own ¢enzymes, which break down its structural
molecules.
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automatic fallback in computing, feature allowing dmodems to
drop to a slower speed if conditions such as line noise make it nec-
essary. Modem speeds are typically rated according to one or
another pCCITT standard (known as a V number). All modems
rated for a specific standard are phackwards compatible.

automatic pilot control device that keeps an aeroplane flying
automatically on a given course at a given height and speed.

The automatic pilot contains a set of gyroscopes that provide
references for the plane's course. Sensors detect when the plane
deviates from this course and send signals to the control surfaces
- the ailerons, elevators, and rudder — to take the appropriate
action. Autopilot is also used in missiles. Most airliners cruise on
automatic pilot, also called autopilot and gyropilot, for much of
the time.

US business executive Lawrence Sperry first used a pgyroscope
in 1912 to create an artificial horizon. This entered production in
1924 and was soon linked to aircraft controls to increase stabili-
ty. More gyroscopes were added later to control altitude and
course. The first automatic pilot was introduced in the 1930s
using pneumatic power.

automation widespread use of self-regulating machines in
industry. Automation involves the addition of control devices,
using electronic sensing and computing techniques, which often
follow the pattern of human nervous and brain functions, to
already mechanized physical processes of production and distrib-
ution; for example, steel processing, mining, chemical production,
and road, rail, and air control.

automation Industrial automation has led to greater productivity
and improved quality control. On this production line at a Rover car
plant in England car bedies are welded by computer-controlled
robots, a task that is complex yet boring and potentially hazardous
for human workers. Rover Group

Civilization advances by extending the number of important
operations which we can perform without thinking about them.

Arrreo NorTH WHITEHEAD English philosopher and mathematician.
An Introduction to Mathematics

automatism performance of actions without awareness or con-
scious intent. It is seen in sleepwalking and in some (relatively
rare) psychotic states.

automaton mechanical figure imitating human or animal perfor-
mance. Automatons are usually designed for aesthetic appeal as
opposed to purely functional robots. The earliest recorded antoma-
ton is an Egyptian wooden pigeon of 400 BC.

autonomic nervous system in mammals, the part of the ner-
vous system that controls those functions not controlled voluntari-
ly, including the heart rate, activity of the intestines, and the pro-
duction of sweat.

There are two divisions of the autonomic nervous system. The
sympathetic system responds to stress, when it speeds the heart
rate, increases blood pressure, and generally prepares the body for
action. The parasympathetic system is more important when the
body is at rest, since it slows the heart rate, decreases blood pres-
sure, and stimulates the digestive system.

At all times, both types of autonomic nerves carry signals that
bring about adjustments in visceral organs. The actual rate of
heartbeat is the net outcome of opposing signals. Today, it is known
that the word ‘autonomic’ is misleading — the reflexes managed by
this system are actually integrated by commands from the brain
and spinal cord (the central nervous system).

autopsy or postmortem examination of the internal organs and
tissues of a dead body, performed to try to establish the cause of
death.

autoradiography in biology, a technique for following the move-
ment of molecules within an organism, especially a plant, by
labelling with a radioactive isotope that can be traced on pho-
tographs. 1t is used to study ophotosynthesis, where the pathway of
radioactive carbon dioxide can be traced as it moves through the
various chemical stages.

autoresponder on the Internet, a pserver that responds auto-
matically to specific messages or input. A common use for autore-
sponders is to automate the dispatch of sales information via e-
mail. A user requesting such information typically sends a message
with specified words such as ‘send info’ in the subject line or the
body of the message. The words trigger the autoresponder to send
the prepared information file.

Autoresponders are also used in e-mail systems which can he
configured to notify correspondents that the user is on holiday.

autosome any dchromosome in the cell other than a sex chromo-
some. Autosomes are of the same number and kind in both males
and females of a given species.

autosuggestion conscious or unconscious acceptance of an idea
as true, without demanding rational proof, but with potential sub-
sequent effect for good or ill. Pioneered by French psychotherapist
Emile Coué (1857-1926) in healing, it is sometimes used in modern
psychotherapy to conquer nervous habits and dependence on
addictive substances such as tobacco and alcohol,

autotroph any living organism that synthesizes organic sub-
stances from inorganic molecules by using light or chemical ener-
gy. Autotrophs are the primary producers in all food chains since
the materials they synthesize and store are the energy sources of
all other organisms. All green plants and many planktonic organ-
isms are autotrophs, using sunlight to convert carbon dioxide and
water into sugars by Ophotosynthesis.

The total Obiomass of autotrophs is far greater than that of ani-
mals, reflecting the dependence of animals on plants, and the ulti-
mate dependence of all life on energy from the Sun — green plants
convert light energy into a form of chemical energy (food) that
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animals can exploit. Some bacteria use the chemical energy of sul-
phur compounds to synthesize organic substances. It is estimated
that 10% of the energy in autotrophs can pass into the next stage
of the pfood chain, the rest being lost as heat or indigestible mat-
ter. See also Hbeterotroph.

autumnal equinox see dequinox.

autumn crocus any of a group of late-flowering plants belonging
to the lily family. The mauve meadow saffron (Colchicum autum-
nale) yields colchicine, which is used in treating gout and in plant
breeding. (Genus Colchicum, family Liliaceae.)

Colchicine causes plants to double the numbers of their chromo-
somes, forming dpolyploids)

auxin plant phormone that promotes stem and root growth in
plants. Auxins influence many aspects of plant growth and devel-
opment, including cell enlargement, inhibition of development of
axillary buds, ptropisms, and the initiation of roots. Synthetic aux-
ins are used in rooting powders for cuttings, and in some weed-
killers, where high auxin concentrations cause such rapid growth
that the plants die. They are also used to prevent premature fruit-
drop in orchards. The most common naturally occurring auxin is
known as indoleacetic acid, or IAA. It is produced in the shoot apex
and transported to other parts of the plant.

avalanche from French avaler ‘to swallow’ fall or flow of a mass
of snow and ice down a steep slope under the force of gravity.
Avalanches occur because of the unstable nature of snow masses in
mountain areas.

Changes of temperature, sudden sound, or earth-borne vibra-
tions may trigger an avalanche, particularly on slopes of more than
35°. The snow compacts into ice as it moves, and rocks may be car-
ried along, adding to the damage caused.

Avalanches leave slide tracks, long gouges down the mountain-
side that can be up 10 1 km/0.6 mi long and 100 m/330 ft wide.
These slides have a similar beneficial effect on biodiversity as do
forest fires, clearing the land of snow and mature mountain forest
enabling plants and shrubs that caunot grow in shade, to recolo-
nize and creating wildlife corridors.

AVALANCHE AWARENESS

http://www-nsidc.colorado.edu/
NSIDC/EDUCATION/AVALANCHE/

Excellent description of avalanches, what causes them, and how to
minimize dangers if caught in one. There is advice on how to
determine the stability of a snowpack, what to do if caught out, and
how to locate people trapped under snow. Nobody skiing off piste
should set off without reading this.

avatar computer-generated character that represents a human in
on-screen interaction. In the mid-1990s, avatars were primarily
used in computer games, but because they take up much less mem-
ory or bandwidth than full video, companies such as British
Telecom were researching the possibility of building multiparty
videoconferencing systems using this technology.

Avebury Europe's largest stone circle (diameter 412 m/1,350 ft),
in Wiltshire, England. This megalithic henge monument, probably
a ritual complex, contains 650 massive blocks of stone, arranged in
circles and avenues. It was probably constructed around 3,500
years ago, and is linked with nearby ¢Silbury Hill.

The henge, an earthen bank and interior ditch with opposed
entrances, originally rose 15 m/49 ft above the bottom of the ditch.
This earthwork and an outer ring of stones surround the inner cir-
cles. The stones vary in size from 1.5 m/5 ft to 5.5 m/18 ft high and
1 m/3 ft to 3.65 m/12 ft broad. They were erected by a late Neolithic
or early Bronze Age culture. Visible remains seen today may cover
an earlier existing site - a theory applicable to a number of prehis-
toric sites.

avens any of several low-growing plants found throughout
Europe, Asia, and N Africa. (Genus Geum, family Rosaceae.)

Mountain avens (Dryas octopetala) belongs to a different genus
and grows in mountain and arctic areas of Europe, Asia, and North
America. A creeping perennial, it has white flowers with yellow
stamens.

average in statistics, a term used inexactly to indicate the typical
member of a set of data. It usually refers to the darithmetic mean.
The term is also used to refer to the middle member of the set when
it is sorted in ascending or descending order (the Gmedian), and
the most commonly occurring item of data (the pmode), as in ‘the
average family’.

AVI (abbreviation for Audio-Visual Interleave) file format capa-
ble of storing moving irages (such as video) with accompanying
sound. AVI files can be replayed by any multimedia PC with
Microsoft pWindows and a psound card. AVI files are frequently
very large (around 50 Mbyte for a five-minute rock video, for exam-
ple), so they are usually stored on H)CD-ROM.

aviation term used to describe the science of powered dflight.

AVIATION ENTHUSIASTS' CORNER

http://www.brooklyn.cuny.edu/
rec/air/air.html

Forum dedicated to furthering interest in aviation-related hobbies.
it includes links to museums and displays, features on key events in
aviation history, and indexes of aircraft by type and manufacturer.

avocado tree belonging to the laurel family, native to Central
America. Its dark-green, thick-skinned, pear-shaped fruit bas but-
tery-textured flesh and is used in salads. (Persea americana, fami-
ly Lauraceae.)

avocet wading bird, with a characteristic long, narrow, upturned
bill, which it uses to sift water as it feeds in the shallows. It is about
45 cm/18 in long, has long legs, partly webbed feet, and black and
white plumage. There are four species of avocet, genus
Recurvirostra, family Recurvirostridae, order Charadriiformes.
They are found in Europe, Africa, and central and southern Asia.
Stilts belong to the same family.

Avogadro, Amedeo, Conte di Quaregna (1776-1856) Italian
physicist, one of the founders of physical chemistry, who proposed
DAvogadro's hypothesis on gases in 1811. His work enabled scien-
tists to calculate pAvogadro's number, and still has relevance for
atomic studies.

Avogadro made it clear that the gas particles need not be individ-
ual atoms but might consist of molecules, the term he introduced to
describe combinations of atoms. No previous scientist had made this
fundamental distinction between the atoms of a substance and its
molecules.

Avogadro's hypothesis in chemistry, the law stating that equal
volumes of all gases, when at the same temperature and pressure,

AYOGADRO'S HYPOTHESIS OF 1811

http://dbhs.wvusd.kl2.ca.us/
Chem-History/Avogadro.html

Avogadro's hypothesis was contained in the Essay on a Manner of
Determining the Relative Masses of the Elementary Molecules of
Bodies, and the Proportions in Which They Enter Into These
Compounds from the Journal de physique, 73: 58-76 (1811). This
Web site is a transcript of a translation of that essay taken from
Alembic Club Reprints, No. 4, Foundations of the Molecular Theory:
Comprising Papers and Extracts by John Dalton, Joseph Louis Gay-
Lussac, and Amadeo Avogadro (1808-11).
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have the same numbers of molecules. It was first propounded by
Amedeo Avogadro.

Avogadro's number or Avogadro's constant the number of car-
bon atoms in 12 g of the carbon-12 isotope (6.022045 x 10%3). The
relative atomic mass of any element, expressed in grams, contains
this number of atoms. It is named after Amedeo Avogadro.

avoirdupois system of units of mass based on the pound (0.45 kg),
which consists of 16 ounces (each of 16 drams) or 7,000 grains (each
equal to 65 mg).

axil upper angle between a leaf {or bract) and the stem from which
it grows. Organs developing in the axil, such as shoots and buds, are
termed axillary, or lateral.

axiom in mathematics, a statement that is assumed to be true and
upon which theorems are proved by using logical deduction; for
example, two straight lines cannot enclose a space. The Greek math-
ematician Euclid used a series of axioms that he considered could
not be demonstrated in terms of simpler concepts to prove his geo-
metrical theorems,

axis (plural axes) in geometry, one of the reference lines by which
a point on a graph may be located. The horizontal axis is usually
referred to as the x-axis, and the vertical axis as the y-axis. The term
is also used to refer to the imaginary line about which an object may
be said to be symmetrical (axis of symmetry) - for example, the
diagonal of a square - or the line abont which an object may revolve
(axis of rotation).

axis deer or chital species of deer found in India and the East
Indies. It is profusely spotted with white on a fawn background,
shading from almost black on the back to white on the underparts.

classification The axis deer Axis axis is in family Cervidae, order
Artiodactyla.

axolotl Aztec wat?r monster aquatic larval form (tadpole) of
the Mexican sala mexicanum, belonging to the
family Ambystomatidae. Avmlutls may be up to 30 cm/12 in long.
They are remarkable because they can breed withont changing to
the adult form, and will metamorphose into adults only in response
to the drying-up of their ponds. The adults then migrate to another
pond.

Axolotls resemble a newt in shape, having a powerful tail, two
pairs of weak limbs, and three pairs of simple external gills. They lay
eggs like a frog's in strings attached to water plants by a viscous sub-
stance, and the young, hatched in two to three weeks, resemble the
parents. See also hneoteny.

axon long threadlike extension of a dnerve cell that conducts elec-
trochemical impulses away from the cell body towards other nerve
cells, or towards an effector organ such as a muscle. Axons termi-
nate in psynapses, junctions with other nerve cells, muscles, or
glands.

aye-aye nocturnal tree-climbi Daub i d
cariensis of Madagascar, related tc the lemurs. It is just over 1 w3
ft long, including a tail 50 cm/20 in long.

It has an exceptionally long middle finger with which it probes for
insects and their larvae under the bark of trees, and gnawing,
rodentlike front teeth, with which it tears off the bark to get at its
prey. The aye-aye has become rare through loss of its forest habitat,
and is now classified as an endangered species.

Ayurveda basically naturopathic system of medicine widely prac-
tised in India and based on principles derived from the ancient
Hindn scriptures, the Vedas. Hospital treatments and remedial pre-
scriptions tend to be nonspecific and to coordinate holistic therapies
for body, mind, and spirit.

azalea any of a group of deciduous flowering shrubs belonging to
the heath family. Several species are native to Asia and North
America, and many cultivated varieties have been derived from
these. Azaleas are closely related to the mostly evergreen
vrhododendrons. (Genus Rhododendron, family Ericaceae.)

Azaleas, particularly the Japanese varieties, make fine ornamen-
tal shrubs. Several species are highly poisonous.

Azilian archaeological period foll g the close of the Old Stone
(Palaeolithic) Age and regarded as the earliest culture of the
Mesolithic Age in W Europe. It was first recognized at Le Mas d'Azil,
a cave in Ariege, France.

azimuth in astronomy, the angular distance of an object eastwards
along the horizon, measured from due north, between the astro-
nomical pmeridian (the vertical circle passing through the centre of
the sky and the north and sonth points on the horizon) and the ver-
tical circle containing the celestial body whose position is to be mea-
sured.

azo dye synthetic dye containing the azo gronp of two nitrogen
atoms (N=N) counecting aromatic ring compounds. Azo dyes are
nsually red, brown, or yellow, and make up about half the dyes pro-
duced. They are manufactured from aromatic pamines.

AZT drug used in the treatment of AIDS; see ¢zidovudine.
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BABBAGE, CHARLES

Charles Babbage, who was perhaps the first person
to conceive the idea of a mechanical computer, was
a stickler for accuracy. He once wrote to the poet
Tennyson to object to the poet's lines ‘Every moment
dies a man, every moment one is born’. According to
Babbage, Tennyson's recipe gave zero population
growth, and should be corrected to:'Every moment one
and one-sixteenth is born’.

Babbit metal soft, white metal, an dalloy of tin, lead, copper, and
antimony, used to reduce friction in bearings, developed by the US
inventor Isaac Babbit in 1839.

babbler bird of the thrush family Muscicapidae with a loud bab-
bling cry. Babblers, subfamily Timaliinae, are found in the Old
World, and there are some 250 species in the group.

babirusa wild pig Babirousa babyrussae, becoming increasingly
rare, found in the moist forests and by the water of Sulawesi, Buru,
and nearby Indonesian islands. The male has large upper tusks
which grow upwards through the skin of the snout and curve back
towards the forehead. The babirusa is up te 80 e¢mv2.5 ft at the
shoulder. It is nocturnal, and swims well.

baboon large monkey of the genus Papio, with a long doglike
muzzle and large canine teeth, spending much of its time oun the
ground in open country. Males, with head and bedy up to 1.1 m/3.5
ft long, are larger than females, and dominant males rule the
‘troops’ in which baboous live. They inhabit Africa and SW Arabia.

Species include the olive baboon P anubis from W Africa to
Kenya, the chacma P ursinus from S Africa, and the sacred

baboon P hamadryas from NE Africa and SW Arabia. The male
sacred baboon has a ‘cape’ of long hair.

bacille Calmette-Guérin tuberculosis vaccine $BCG.

bacillus member of a group of rodlike dbacteria that occur every-
where in the soil and air. Some are responsible for diseases such as
panthrax or for causing food spoilage.

backbone in networking, a high-pbandwidth trunk to which
smaller networks connect. The original backbene of the Internet
was NSFnet, funded by the US National Science Foundation, which
linked together the five regional supercomputing centres.

backcross breeding technique used to determine the genetic
makeup of an individual organism.

background radiation radiation that is always present in the
environment. By far the greater proportion (87%) of it is emitted
from natural sources. Alpha and heta particles, and gamma radia-
tion are radiated by the traces of radioactive minerals that occur
naturally in the environment and even in the human bedy, and by
radioactive gases such as radon and thoron, which are found in seil
and may seep upwards into buildings. Radiation from space
($cosmic radiation) also contributes to the background level.

backing storage in computing, memory outside the central pro-
cessing unit used to store programs and data that are net in cur-
Tent use. Backing storage must he nonvolatile - that is, its contents
must not he lost when the power supply to the computer system is
disconnected.

back pain aches in the region of the spine. Low back pain can be
caused by a very wide range of medical conditions. About half of all
episodes of back pain will resolve within a week, but severe back
pain can be chronic and disabling. The causes include muscle
sprain, a prolapsed intervertebral disc, and vertebral collapse due
to dosteoporesis or cancer. Treatment methods include rest, anal-
gesics, physiotherapy, osteopathy, and exercises.

backs or water b aquatic predatory hug living
mostly in fresh water. The adults are about 15 mm/0.5 in long and
rest upside down at the water surface to breathe. When disturhed
they dive, carrying with them a supply of air trapped under the
wings. They have piercing beaks, used in feeding on tadpoles and
small fish.

classification Backswimmers belong to the genus Notenecta, fam-
ily Notonectidae in suborder Heteroptera, order Hemiptera (true
hugs), class Insecta, phylum Arthropoda.

Females have a sharp ovipositor to pierce the stems of aquatic
plants. In each notch one egg is laid: each female lays a total of
approximately 60 eggs over a period of a few weeks.
Backswimmers fly readily from pond to pond.

backup in computing, a copy file that is transferred to another
medium. usually a ¢floppy disc or tape. The purpose of this is to
have available a copy of a file that can be restored in case of a fault
in the system or the file itself. Backup files are also created by
many applications (with the extension .BAC or .BAK); a version is
therefore available of the original file before it was modified by the
current application.

backup system in computing, a duplicate computer system that
can take over the operation of a main computer system in the event
of equipment failure. A large interactive system, such as an air-
line’s ticket-booking system, cannot be out of action for even a few
hours without causing considerable disruption. In such cases a
complete duplicate computer system may be provided to take over
and run the system should the main computer develop a fault or
need maintenance.
Backup systems include incremental backup and full backup.

backwards compatible in computing, term describing a product
that is designed to he compatible with its predecessors. In software,
a word processor is hackwards compatible if it can read and write
the files of earlier versions of the same software, and an operating
system is backwards compatible if it can run programs designed
for earlier versions of the operating system. Similarly, all modems
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are compatible with all the standards (V numbers) which precede
the fastest one they can handle.

bacon beetle destructive species of beetle that attacks bacon,
dried foods, and hides. It is related to the Hcarpet beetles.

classification The bacon beetle Dermestes lardarius is in the fam-
ily Dermestidae, order Coleoptera, class Insecta, phylum
Arthropoda.

bacteria (singular bacterium) microscopic single-celled organ-
isms lacking a nnclens. Bacteria are widespread, present in soil,
air, and water, and as parasites on and in other living things. Some
parasitic bacteria cause disease by producing toxins, but others are
harmless and may even benefit their hosts. Bacteria usually repro-
duce by pbinary fission (dividing into two equal parts), and this may
occur approximately every 20 minutes. It is thonght that 1-10% of
the world's bacteria have been identified.
classification Bacteria are now classified biochemically, but their
varying shapes provide a rough classification; for example, cocci
are ronnd or oval, bacilli are rodlike, spirilla are spiral, and vib-
rios are shaped like commas. Exceptionally, one bacterium has
been found, Gemmata obscuriglobus, that does have a nucleus.
Unlike pviruses, bacteria do not necessarily need contact with a live
cell to become active.

Bacteria can be classified into two hroad classes (called Gram

positive and negative) according to their reactions to certain stains,
or dyes, used in microscopy. The staining technique, called the
Gram test after Danish bacteriologist Hans Gram, allows doctors to
identify many bacteria quickly.

Bacteria have a large loop of )DNA, sometimes called a bacteri-
al chromosome. In addition there are often smal), circular pieces of
DNA known as (plasmids that carry spare genetic information.
These plasmids can readily move from one bacterium to another,
even though the bacteria may be of different species. In a sense,
they are parasites within the hacterial cell, but they survive hy cod-
ing characteristics that promote the survival of their hosts. For
example, some plasmids confer antibiotic resistance on the bacte-
ria they inhahit. The rapid and problematic spread of antihiotic
resistance among bacteria is due to plasmids, but they are also use-
ful to h in Jgenetic engineering. There are ten times more
bacterial cells than human cells in the human body.

JSunctions Certain types of bacteria are vital in many food and
industrial processes, while others play an essential role in the
nitrogen cycle, which maintains soil fertility. For example, bacte-
ria are used to break down waste products, such as sewage; make
butter, cheese, and yoghurt; cure tobacco; tan leather; and (by
virtue of the ability of certain bacteria to attack metal) clean ships’
hulls and dernst their tanks, and even extract minerals from mines.
Several species of bacteria in the stomach of a bowhead whale are
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Introduction

Phages, or bacteriophages (literally ‘bacteria eaters’), are viruses
that infect bacteria. They were first identified by F W Twort in 1905
and, independently, by F d'Herelle in 1917 as filterable infectious
agents that caused the lysis (disintegration) of Shigella
dynsenteriae, the bacterium that causes dysentery. They were
initially of interest for their specificity, they would not infect other
bacteria, and potential therapeutic use, and have become some of
the best characterized viruses.

Life cycle of phages

Phages, like other viruses, are obligate intracellular parasites.
They cannot reproduce independently and must instead infect a
host bacterium within which they replicate, usually resulting in
the lysis of the bacteria and release of progeny phage particles.
The phage particle is a metabolically inert entity consisting of a
protein coat {capsid) surrounding the genome which consists of
single- or double-stranded DNA or RNA. Two distinct replication
patterns exist; lytic, in which genome replication, transcription
and translation of phage genes and the subsequent assembly of
progeny phage particles occurs immediately (so called virulent
phages) and lysogenic, in which the phage genome becomes
integrated into the host chromosome (the temperate phages). In
the latter case the phage genome is replicated as part of the
bacterial chromosome, remaining latent as a prophage until
induction at which point the phage enters a normal lytic cycle.

Phage structure and classification

The diverse range of phages are primarily classified according to
their capsid structure {filamentous - e.g. M13, tailless icosahedral
- e.g. [phgr X174, phages with noncontractile tails - e.g.
[lambda] and phages with contractile tails - e.g. T2) and the type
of genetic material. The T-even phages of Escherichia coli (T2, T4,
T6) possess large double-stranded DNA genomes within an
icosahedral capsid bearing a contractile tail, and are some of the
most complex of all viruses.

Phages in research
The short replication cycle (as little as 15 min) and ease of

Phages

manipulation in the laboratory have meant that phages have
been used for some of the most significant biological, and in
particular genetic, experiments of the last 50 years. The
identification of DNA as the genetic material was based on a
study of phage T2 infection of E. coli by Alfred Hershey and
Martha Chase in 1952. Phage [phgr 1X174, a single-stranded DNA
phage was the first complete genome to be sequenced (1977),
leading to the discovery of overlapping genes, and the switch
between lytic and lysogenic life cycles by phage lambda
([lambdal) is the paradigm for a ‘genetic switch’, which has broad
similarities with similar controlling events in many other
organisms (including humans). The natural ability of phages to
exchange genetic material between bacteria has led to them
being exploited for experiments in molecular genetics -both
phage M13 and [lambda] are widely used DNA cloning vectors.

Phages and human disease
The specificity of bacterial infection by phages means that they
can be used to distinguish between different strains of bacteria
{particularly Sa/monella sp.), a technique called ‘phage typing"
widely used in reference laboratories. Furthermore, phages may
have a role in causing human disease as well as diagnosing it.
Vibrio cholerae, the bacterium that causes cholera, requires two
factors for full virulence; the cholera toxin (CT) and a toxin-
coregulated pili (TCP) required for intestinal colonization. Recent
research has shown that the genes encoding both CT and TCP are
carried by the filamentous phage CTX8, which can transfer them
to apathogenic strains of V. cholerae and so lead to the
formation of novel virulent strains capable of causing cholera.
d'Herelle suggested that the specific lysis of bacteria by phages
could be exploited in the development of therapeutic treatments
for bacterial infections. The intervening 80 years have seen the
discovery and widespread use of antibiotics for treating bacterial
infection. Although very effective, there are an increasing
number of multiply drug-resistant bacteria, e.g. Mycobacterium
tuberculosis (TB) and Staphylococcus aureus (septicaemia) as a
direct consequence of the widespread use of antibiotics, and
there has been a resurgence in the interest in the use of phages
for treating bacterial infection.




7

BAKELITE

capable of digesting pollutants (naphthalene and anthracene, two
carcinogenic fractions of oil difficult to break down, and PCBs, also
carcinogenic).

Bacteria cannot normally survive temperatures above
100°C/212°F, such as those produced in pasteurization, but those in
deep-sea hot vents in the eastern Pacific are believed to withstand
temperatures of 350°C/662°F. Thermus aquaticus, or taq, grows
freely in the boiling waters of hot springs, and an enzyme derived
from it is used in genetic engineering to speed up the production of
millions of copies of any DNA sequence, a reaction requiring very
high temperatures.
interaction Certain bacteria can influence the growth of others;
for example, lactic acid bacteria will make conditions unfavourable
for salmonella bacteria. Other strains produce nisin, which inhibits
growth of listeria and botulism organisms. Plans in the food indus-
try are underway to produce super strains of lactic acid bacteria to
avoid food poisoning.

An es!lmated 99% of bacteria live in biofilms rather than in sin-

)| These are | lonies made np of a
number of different species of bacteria structured on a layer of
slime produced by the bacteria. Fungi, algae, and protozoa may
also inhabit the biofilms.
prehistoric bacteria Bacterial spores 40 million years old were
extracted from a fossilized bee and successfully germinated by US
scientists in 1995. It is hoped that prehistoric bacteria can be
tapped as a source of new chemicals for use in the drugs industry.
Any bacteria resembling extant harmful pathogens will be
destroyed, and all efforts are being to made to ensure no bacteria
escape the laboratory.

bacteriology the study of {bacteria.

bacteriophage virus that attacks ¢bacteria. Such viruses are
now of use in genetic engineering.

Bactrian species of pcamel Camelus bactrianus found in the Gobi
Desert in Central Asia. Body fat is stored in two humps on the back.
It has very long winter fur which is shed in ragged lumps. The head
and body length is about 3 m/10 ft, and the camel is up to 2.1 m/6.8
ft tall at the shoulder. Most Bactrian camels are domesticated and
are used as beasts of burden in W Asia.

badger large mammal of the weasel family with molar teeth of a
crushing type adapted to a partly vegetable diet, and short strong
legs with long claws snitable for digging. The Eurasian common
badger Meles meles is about 1 m/3 ft long, with long, coarse, grey-
ish hair on the back, and a white face with a broad black stripe
along each side. Mainly a woodland animal, it is harmless and noc-
turnal, and spends the day in a system of burrows called a 'sett’. it
feeds on roots, a variety of fruits and nuts, insects, worms, mice,
and young rabbits.

The Eurasian badger lives for up to 15 years. It mates February
to March, and again July to Septemebr if the earlier mating has not
resulted in fertilization. Implantation of the Oblastocyst (early
embryo) is however delayed until December. Cubs are born
January to March, and remain below ground for eight weeks. They
remain with the sow at least until antumn.

The American badger Taxidea taxus is slightly smaller than the
Eurasian badger, and lives in open country in North America.
Various species of hog badger, ferret badger, and stink badger
occur in S and E Asia, the last having the well-developed anal scent
glands characteristic of the weasel family.

badlands barren landscape cut by erosion into a maze of ravines,
pinnacles, gullies and sharp-edged ridges. Areas in South Dakota
and Nebraska, USA, are examples.

Baikonur launch site for spacecraft, located at Tyuratam,
Kazakhstan, near the Aral Sea: the first satellites and all Soviet
space probes and crewed Soyuz missions were launched from here.
It covers an area of 12,200 sq km/4,675 sq mi. much larger than its
US equivalent, the pKennedy Space Center in Florida.

Bailey bridge prefabricated bridge developed by the British
Army in World War II; made from a set of standardized components
so that bridges of varying lengths and load-carrying ability could be
assembled to order.

Baird, John Logie
(1888-1946)

Scottish electrical engineer who pioneered television. In 1925 he
gave the first public demonstration of television, transmitting an
image of a recognizable human face. The following year, he
gave the world's first d ation of true ) before an
audience of about 50 scientists at the Royal Institution, London.
By 1928 Baird had succeeded in demonstrating colour television.

Baird used a mechanical scanner which temporarily changed
an image into a sequence of electronic signals that could then be
reconstructed on a screen as a pattern of half-tones. The neon
discharge lamp Baird used offered a simple means for the elec-
trical modulation of light at the receiver. His first pictures were
formed of only 30 lines repeated approximately 10 times a sec-
ond. The results were crude but it was the start of television as a
practical technology.

By 1927, Baird had transmitted television over 700 km/435 mi
of telephone line between London and Glasgow and soon after
made the first television broadcast using radio, between London
and the $S Berengaria, halfway across the Atlantic Ocean. He
also made the first transatlantic television broadcast between
Britain and the United 5tates when signals transmitted from the
Baird station in Coulson,
Kent, were picked up by a
receiver in Hartsdale, New
York.

Baird's black-and-white
system was used by the
BBC in an experimental
television service in 1929.
In 1936, when the public
television service was
started, his system was
threatened by one pro-
moted by Marconi-EMI.
The following year the
Baird system was dropped
in favour of the Marconi
electronic system, which
gave a better definition.

Mary Evans Picture Library

They were used in every theatre of the war and many remained
in place for several years after the war until the civil authorities
could replace them with more permanent structures.

Baily's beads bright spots of sunlight seen around the edge of the
Moon for a few seconds immediately before and after a total
peclipse of the Sun, caused by sunlight shining between mountains
at the Moon's edge. Sometimes one bead is much brighter than the
others, producing the so-called diamond ring effect. The effect was
described in 1836 by the English astronomer Francis Baily
(1774-1844), a wealthy stockbroker who retired in 1825 to devote
himself to astronomy.

Bakelite first synthetic oplastic, created by Leo Baekeland in
1909. Bakelite is hard, tough, and heatproof, and is used as an

BADLANDS NATIONAL PARK

http://www.nps.gov/badl/
htmlfiles/expanded.htm

Impressive US National Park Service guide to the Badlands National
Park. There is comprehensive information on the geology, flora and
fauna, and history of the Badlands. Hikers are provided with
detailed guidance on routes and there is a listing of the park's
educational activities.
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electrical insulator. It is made by the reaction of phenol with
formaldehyde, producing a powdery resin that sets solid when
heated. Objects are made by subjecting the resin to compression
moulding {simultaneous heat and pressure in a mould).

It is one of the thermosetting plastics, which do not remelt when
heated, and is often used for electrical fittings.

baking powder mixture of pbicarbonate of soda, an acidic com-
pound, and a nonreactive filler (usually starch or calcium sul-
phate), used in baking as a raising agent. It gives a light open tex-
ture 1o cakes and scones, and is used as a substitute for yeast in
making soda bread.

Several different acidic compounds (for example, tartaric acid,
cream of tartar, sodium or calcium acid phosphates, and glucono-
delta-lactone) may be used. any of which will react with the sodium
hydrogencarbonate, in the presence of water and heat, to release the
carbon dioxide that causes the cake mix or dough to rise.

balance apparatus for weighing or measuring mass. The various
types include the beam balance, consisting of a centrally pivoted
lever with pans hanging from each end, and the spring balance, in
which the object to be weighed stretches (or compresses) a vertical
coil spring fitted with a pointer that indicates the weight on a scale.
Kitchen and bathroom scales are balances.

balanced diet diet that includes carbohydrate, protein, fat, vita-
mins, water, minerals, and fibre (roughage). Although all these
substances are needed if a person is to be healthy, there is dis-
agreement over how much of each type a person needs.

balance of nature in ecology, the idea that there is an inherent
equilibrium in most pecosystems, with plants and animals interact-
ing so as to produce a stable, continuing system of life on Earth.
The activities of human beings can, and frequently do, disrupt the
balance of nature.

Organisms in the ecosystem are adapted to each other — for
example, waste products produced by one species are used by
another and resources used by some are replenished by others; the
oxygen needed by animals is produced by plants while the waste
product of animal respiration, carbon dioxide, is used by plants as
a raw material in photosynthesis. The nitrogen cycle, the water
cycle, and the control of animal populations by natural predators
are other examples.

BALDNESS

. The best way for a man to know whether he will

¥ go bald is to look at his mother's father. Baldness is

hereditary, but the gene controlling it is on the sex-
linked chromosome and skips one generation.

baldness loss of hair from the scalp, common in older men. Its
onset and extent are influenced by genetic make-up and the level
of male sex phormones. There is no cure, and expedients such as
hair implants may have no lasting effect. Hair loss in both sexes
may also occur as a result of ill health or radiation treatment, such
as for cancer. Alopecia, a condition in which the hair falls out, is
different from the "male-pattern baldness’ described above.

Experience is a comb which nature gives to men when they are bald.

ANoNYMous Eastern proverb

Balistidae family of fish containing the dtriggerfish.

ball-and-socket joint joint allowing considerable movement in
three dimensions, for instance the joint between the pelvis and the
femur. To facilitate movement, such joints are rimmed with carti-
lage and lubricated by synovial fluid. The bones are kept in place
by ligaments and moved by muscles.

ballistics study of the motion and impact of projectiles such as
bullets, bombs, and missiles. For projectiles from a gun, relevant
exterior factors include temperature, barometric pressure, and
wind strength; and for nuclear missiles these extend to such factors
as the speed at which the Earth turns.

balloon lighter-than-air craft that consists of a gasbag filled with
gas lighter than the surrounding air and an attached basket, or
gondola, for carrying passengers and/or instruments. In 1783, the
first successful human ascent was in Paris, in a hot-air balloon
designed by the Montgolfier brothers Joseph Michel and Jacques
Etienne. In 1785, a hydrogen-filled balloon designed by French
physicist Jacques Charles travelled across the English Channel.

balloon help small cartoon-style bubble which pops up in a
graphical computer system to convey Honline help. In many new
products, balloon help is activated by holding the mouse over an
icon or other type of control for a few seconds. Such help is con-
text-sensitive.

ball valve valve that works by the action of external pressure
raising a ball and thereby opening a hole.

balm, lemon garden herb, see plemon balm.

balsam any of various garden plants belonging to the balsam fam-
ily. They are usually annuals with spurred red or white flowers and
pods that burst and scatter their seeds when ripe. (Genus
Impatiens, family Balsami el)

In medicine and perfumery, balsam refers to various oily or
gummy aromatic plant dresins, such as balsam of Peru from the
Central American tree Myroxylon pereirae.

bamboo any of a large group of giant grass plants, found mainly in
tropical and subtropical regions. Some species grow as tall as 36 m/

bamboo The tall, closely packed stems of many bamboos, such as
this example from the tropical rainforest of Brazil, frequently form
dense clumps in the forest understorey. Bamboo grows rapidly and
has a wide variety of uses. Premaphotos Wildlife
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120 ft. The stems are hollow and jointed and can be used in furni-
ture, house, and boat construction. The young shoots are edible;
paper is made from the stems. (Genus Bamb family Grami )

Bamboos flower and seed only once before the plant dies, some-
times after growing for as long as 120 years.

banana any of several treelike tropical plants which grow up to 8
/25 ft high. The edible banana is the fruit of a sterile hybrid form.
(Genus Musa, family Musaceae.)

The curved yellow fruits of the commercial banana, arranged in
clusters known as ‘hands’, form cylindrical masses of a hundred or
more fruits.

They are picked and exported green and ripened aboard refrig-
erated ships. The plant is destroyed after cropping. The plantain,
a larger, coarser hybrid variety that is used green as a cooked veg-
etable, is a dietary staple in many countries. In the wild, bananas
depend on bats for pollination.

banded brush beetle type of frose chafer.

classification The banded brush beetle Trichius fasciatus, in the
subfamily Trichiinae, family Scarabaeidae, order Coleoptera, class
Insecta, phylum Arthropoda.

bandfish marine bony fish. It is elongated with very long dorsal
fins that run the length of its body. Bandfish spend most of their
time on the sea bed, occasionally swimming to midwater to feed on
small planktonic crustacea.

bandicoot small marsupial mammal inhabiting Australia and
New Guinea. There are about 11 species, family Peramelidae, rat-
or rabbit-sized, and living in burrows. They have long suonts, eat
insects, and are nocturnal. A related group, the rabbit bandicoots
or bilbies, is reduced to a single species that is now endangered
and protected by law.

bandwidth in puting and ication.
transmission, measured in pbits per second (bps).

the rate of data

bandy-bandy venomous Australian snake Vermicella annulata of
the cobra family, which grows to about 75 em/2.5 ft. It is banded in
black and white. It is not aggressive toward humans.

bang in UNIX, an exclamation mark (). It appears in some older
types of Internet addresses and is used in dictating the commands
y to run UNIX

banyan This banyan tree in the Ranthambhore National Park in N India is reputed to be
the second largest specimen in the country. Its shade provides a midday resting place
for many people and animals. As a result, banyans are planted along roadsides over
much of India. Premaphotos Wildlife

bang path list of routing that appears in the header of a message
sent across the Internet, showing how it travelled from the sender
to its destination. It is named after the pbangs separating the sites
in the list.

banksia any shrub or tree of a group native to Australia, includ-
ing the honeysuckle tree. They are named after the British natu-
ralist and explorer Joseph Banks. (Genus Banksia, family
Proteaceae.)

Banksias have spiny evergreen leaves and large flower spikes,
made up of about 1,000 individual flowers formed around a central
axis. The colours of the flower spikes can be gold, red, brown, pur-
ple. greenish-yellow, and grey.

banner in computing, advertisement on a World Wide Web page,
usnally but not always in the form of a horizontal rectangle.
Clicking on a banner usually takes the user to the advertised Web
site. Noncommercial sites display one another's banners via orga-
nizations like LinkExchange and BannerExchange.

bantam small ornamental variety of domestic chicken weighing
about 0.5-1 kg/1-2 1b. Bantams can either be a small version of one
of the larger breeds, or a separate type. Some are prolific egg lay-
ers. Bantam cocks have a reputation as spirited fighters.

banteng wild species of cattle Bos banteng, now scarce, but for-
merly ranging from Myanmar (Burma) through SE Asia to Malaysia
and Java, inhabiting hilly forests. Its colour varies from pale brown
to blue-black, usually with white stockings and rump patch, and it
is up to 1.5 m/5 ft at the shoulder.

banyan tropical Asian fig tree. It produces aerial roots that grow
down from its spreading branches, forming supporting pillars that
look like separate trunks. (Ficus benghalensis, family Moraceae.)

baobab tree with rootlike branches, hence the nickname ‘upside-
down tree’, and a disproportionately thick girth, up to 9 m/30 ft in
diameter. The pulp of its fruit is edible and is known as monkey
bread. (Genus Adansonia, family Bombacaceae.)

bar unit of pressure equal to 10° pascals or 10° dynes/cm?2,
approximately 750 mmHg or 0.987 atm. Its diminutive, the mil-
libar (one-thousandth of a bar), is commonly used by meteorolo-
gists.

barb general name for fish of the genus Barbus and some related
genera of the family Cyprinidae. As well as the {barbel, barbs
include many small tropical Old World species,
some of which are familiar aquarium species.
They are active egg-laying species, usually of ‘typ-
ical’ fish shape and with barbels at the corner of
the mouth.

Barbary ape tailless, yellowish-brown macaque
monkey Macaca sylvanus, 55-75 cm/20-30 in
long. Barbary apes are found in the mountains and
wilds of Algeria and Morocco, especially in the
forests of the Atlas Mountains. They were intro-
duced to Gibraltar, where legend has it that the
British will leave if the ape colony dies out.

The macaque is threatened by illegal logging,
which is devastating some of the ancient forests in
the area. Althongh it is breeding well in captivity,
forest loss may confound attempts to reintroduce
this species into the wild.

Barbary sheep or aouded or udad species of
bovid related to the goat and sheep. It has power-
ful horns and a goatlike odour, but is distinguished
from goats by its longer tail and the mane of long
hair on the throat and upper parts of the forelegs.
It is found in North Africa and parts of the Sudan.
classification The Barbary sheep Ammotragus
lervia is in family Bovidae, order Artiodactyla

barbastelle insect-eating bat Barbastella bar-
bastellus with hairy cheeks and lips, ‘frosted’
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black fur, and a wingspan of about 25 ¢m/10 in. It lives in hollow
trees and under roofs, and is occasionally found in the UK but more
commonly in Europe.

barbed wire cheap fencing material made of strands of galva-
nized wire (see Hgalvanizing), twisted together with sharp barbs at
close intervals. In 1873 an American, Joseph Glidden, devised a
machine to mass-produce barbed wire. Its use on the open grass-
lands of 19th-century America led to range warfare between farm-
ers and catde ranchers; the latter used to drive their herds cross-
country.

barbel freshwater fish Barbus barbus found in fast-flowing rivers
with sand or gravel bottoms in Britain and Europe. Long-bodied,
and up to 1 m/3 ft long in total, the barbel has four barbels (‘little
beards’ - sensory fleshy filaments) near the mouth.

barberry any spiny shrub belonging to the barberry family, with
sour red berries and yellow flowers. These shrubs are often used
as hedges. (Genus Berberis, family Berberidaceae.)

barbet Latin barbatus, ‘bearded’ small, tropical bird, often
brightly coloured. There are abont 78 species of barbet in the fam-
ily Capitonidae, order Piciformes, common to tropical Africa, Asia,
and America. Barbets eat insects and fruit and, being distant rela-
tions of woodpeckers, drill nest holes with their beaks. The name
comes from the ‘little beard” of bristles about the mouth that assists
them in catching insects.

barbiturate hyp dative drug, known as a ‘sleeping
pill’, consisting of any salt or ester of barbituric acid C,H,0;N, It
works by depressing brain activity. Most barbiturates, being highly
addictive, are no longer prescribed and are listed as controlled
substances.

Tolerance develops quickly in the nser so that increasingly large
doses are required to induce sleep. A barbiturate’s action persists
for hours or days, cansing confused, aggressive behaviour or dis-
orientation. Overdosage causes death by inhibiting the breathing
centre in the brain. Short-acting barbiturates are used as
panaesthetics to induce general anaesthesia; slow-acting ones may
be prescribed for epilepsy.

1

bar chart in statistics, a way of displaying data, using horizontal
or vertical bars. The heights or lengths of the bars are proportion-
al to the quantities they represent.

bar code pattern of bars and spaces that can be read by a com-
puter. Bar codes are widely used in retailing, industrial distribu-
tion, and public libraries. The code is read by a scanning device;
the computer determines the code from the widths of the bars and
spaces.
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bar code The bars of varying thicknesses and spacings represent two
series of numbers, identifying the manufacturer and the product.
Two longer, thinner bars mark the beginning and end of the
manufacturer and product codes. The bar code is used on most
articles for sale in shops.

The technique was patented in 1949 but became popular only in
1973, when the food industry in North America adopted the
Universal Product Code system.

barium Greek barytes ‘heavy’ soft, silver-white, metallic ele-
ment, symbol Ba, atomic number 56, relative atomic mass 137.33.
1t is one of the alkaline-earth metals, found in nature as barium
carbonate and barium sulphate. As the sulphate it is used in med-
icine: taken as a suspension (a ‘barium meal’), its movement along
the gut is followed using X-rays. The barium sulphate, which is
opaque to X-rays, shows the shape of the gut, revealing any abnor-
malities of the alimentary canal. Barium is also used in alloys, pig-
ments, and safety matches and, with strontium, forms the emissive
surface in cathode-ray tubes. It was first discovered in barytes or
heavy spar.

bark protective outer layer on the stems and roots of woody
plants, composed mainly of dead cells. To allow for expansion of
the stem, the bark is continually added to from within, and the
outer surface often becomes cracked or is shed as scales. Trees
deposit a variety of chemicals in their bark, including poisons.
Many of these chemical substances have economic value because
they can be used in the manufacture of drugs. Quinine, derived
from the bark of the Cinchona tree, is used to fight malarial infec-
tions; curare, an anaesthetic used in medicine, comes from the
Strychnus toxifera tree in the Amazonian rainforest.

Bark technically includes all the tissues external to the vascular
pcambium (the dphloem, cortex, and periderm), and its thickness
may vary from 2.5 mm/0.1 in to 30 cm/12 in or more, as in the giant
redwood Sequoia where it forms a thick, spongy layer.

bark beetle any one of a number of species of mainly wood-bor-
ing beetles. Bark beetles are cylindrical, brown or black, and 1-9
mm/0.04-0.4 in long. Some live just under the bark and others bore
deeper into the hardwood. The detailed tunnelling pattern that
they make within the trunk varies with the species concerned, and
is used for identification.

Most bark beetles live in forest trees; some, however, attack fruit
trees. Generally, but not always, dead or dying timber is attacked.
Some species transmit pathogens, for example, the fungus that
causes DDutch elm disease.

Examples include the birch bark beetle Scolytus ratzeburgi and
the greater fruit-tree bark beetle S. meli.
classification Bark beetles are in the families Curculionidae or
Scolytidae, order Coleoptera, class Insecta, phylum Arthropoda.

barking deer another name for the pmuntjac.

barley cereal belonging to a family of grasses. It resembles wheat
but is more tolerant of cold and draughts. Cultivated barley
(Hordeum vulgare) comes in three main varieties - six-rowed, four-
rowed, and two-rowed. (Family Gramineae.)

Barley was one of the earliest cereals to be cultivated, about
5000 BC in Egypt, and no other cereal can thrive in so wide a range
of climatic conditions; polar barley is sown and reaped well within
the Arctic Circle in Europe. Barley is no longer much used in bread
making, but it is used in soups and stews and as a starch. Its high-
protein form is widely used as animal feed, and its low-protein
form is used in brewing and distilling alcoholic drinks.

barley midge another name for the hessian fly.

barn farm building traditionally used for the storage and process-
ing of cereal crops and hay. On older farmsteads, the barn is usu-
ally the largest building. It is often characterized by ventilation
openings rather than windows and has at least one set of big dou-
ble doors for access. Before mechanization, wheat was threshed by
hand on a specially prepared loor inside these doors.

barnacle marine crustacean of the subclass Cirripedia. The
larval form is free-swimming, but when mature, it fixes itself by
the head to rock or floating wood. The animal then remains
attached, enclosed in a shell through which the cirri (modified
legs) protrude to sweep food into the mouth. Barnacles include
the stalked goose barnacle Lepas anatifera found on ships'
bottoms, and the acorn barnacles, such as Balanus balanoides,
common on rocks.



75 BAROMETER

BARNACLE

The parasitic barnacle Loxothylacus panopaei uses
a crab as its host. The barnacle larva attaches itself
to a crab and injects it with a squirming worm-shaped
bag of cells. One of these cells develops into the adult
barnacle that spends its life as a lump on the crab's
carapace.

Barnard, Christiaan Neethling
(1922- )

South African surgeon who performed the first human
heart transplant 1967 at Groote Schuur Hospital in Cape Town.
The 54-year-old patient lived for 18 days.

Barnard also discovered that intestinal artresia - a congenital
deformity in the form of a hole in the small intestine - is the
result of an insufficient supply of blood to the fetus during preg-
nancy. It was a fatal defect before he developed the corrective
surgery.

barnadle Acorn barnacles, such as Chthalamus stellatus, are a
familiar sight on rocky seashores between the tidemarks, where
they are the most abundant life form. Identification of the various
species is based on the arrangement of the calcareous plates and
requires the use of a powerful hand lens or microscope.
Premaphotos Wildlife

barograph device for recording variations in atmospheric pres-
sure. A pen, governed by the movements of an aneroid )barometer.
makes a continuous line an a paper strip on a cylinder that ratates
over a day or week to create a barogram, or permanent record of
variatigns in atmespheric pressure.

Barnard's star second-closest star to the Sun. six light years
away in the constellation Ophiuchus. It is a faint red dwarf of 10th
magnitude, visible only through a telescope. It is named after the
US astronomer Edward E Barnard (1857-1923), who discovered in
1916 that it has the fastest proper motion of any star, crossing 1

degree of sky every 350 years. barometer instrument that measures atmospheric pressure as an
Some observations suggest that Barnard's star may be accom- indication of weather. Most often used are the mercury barometer
panied by planets. and the aneroid barometer.

column of
mercury

_ needle —

vacuum ——
chamber

mercury barometer aneroid barometer

barometer (left)} The mercury barometer and (right) the aneroid barometer. in the mercury barometer, the weight of the column of mercury is
balanced by the pressure of the atmosphere on the lower end. A change in height of the column indicates a change in atmospheric pressure.
In the aneroid barometer, any change of atmospheric pressure causes the metal box which contains the vacuum to be squeezed or to expand
slightly. The movements of the box sides are transferred to a pointer and scale via a chain of levers.
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In a mercury barometer a column of mercury in a glass tube,
roughly 0.75 m/2.5 ft high (closed at one end, curved upwards at
the other), is balanced hy the pressure of the atmosphere on the
open end; any change in the height of the column reflects a change
in pressure. In an aneroid barometer, a shallow cylindrical metal
box containing a partial vacuum expands or contracts in response
to changes in pressure.

baroreceptor in biology, a specialized nerve ending that is sensi-
tive to pressure. There are baroreceptors in various regions of the
heart and circulatory system (carotid sinus, aortic arch, atria, pul-
monary veins, and left ventricle). Increased pressure in these
structures stimulates the baroreceptors, which relay information to
the medulla providing an important mechanism in the control of
blood pressure.

barracuda large predatory fish Sphyraena barracuda found in
the warmer seas of the world. 1t can grow over 2 m/6 ft long and
has a superficial resemblance to a pike. Young fish sheal, but the
older ones are solitary. The barracuda has very sharp shearing
teeth and may attack people.

BARRACUDA
Barracudas are mysteriously attracted to all things
yellow. This means that they may be caught by the
use of yellow-feathered lines.

barrel cylindrical container, tapering at each end, made of thick
strips of wood bound together by metal hoops. Barrels are used for
the bulk storage of fine wines and spirits.

Barrels were made by crafismen known as coopers, whose main
skill was the shaping and bending of the len strips (staves) so
that they fitted together without gaps when secured by the hoops.
Barrels were widely used for storing liquids and dry goods until the
development of plastic containers.

barrel unit of liquid capacity, the value of which depends on the
liquid being measured. 1t is used for petroleum, a barrel of which
contains 159 litres/35 imperial gallons; a barrel of alcohol contains
189 litres/41.5 imperial gallons.

barrier island long island of sand, lying offshore and parallel to
the coast.

Some are over 100 kn/60 mi in length. Most barrier islands are
derived from marine sands piled up by shallow longshore currents
that sweep sand paralle] to the seashore. Others are derived from
former spits, connected to Jand and bnilt up by drifted sand, that
were Jater severed from the mainland.

Often several islands lie in a continuous row offshore. Coney
Island and Jones Beach near New York City are well-known exam-
ples, as is Padre Island, Texas. The Frisian Islands are barrier
islands along the coast of the Netherlands.

barrier reef pcoral reef that lies offshore, separated from the
mainland by a shallow lagoon.

Barringer Crater or Arizona Meteor Crater or Coon Butte
impact crater near Winslow in Arizona caused by the impact of a
50 m/165 ft iron Hmeteorite some 25,000 years ago. 1t is 1.2 km/0.7
mi in diameter, 200 m/660 ft deep and the walls are raised 50-60
m/165-198 ft above the surrounding desert.

It is named after the US mining engineer Daniel Barringer who
proposed in 1902 that it was an impact crater rather than a vol-
canic feature, an idea confirmed in the 1960s by US geologist
Fugene Shoemaker.

barrow 0ld English beorgh "hill or mound’ burial mound. usually
composed of earth but sometimes of stones. Examples are found in
many parts of the world. The two main types are long, dating from
the Neolithic (New Stone Age), and round, dating from the early
Bronze Age. Barrows made entirely of stones are known as cairns.

long barrow Long barrows may be mere mounds, typically high-
er and wider at one end. They usually contain a chamber of wood
or stone slabs, or a turf-lined cavity, in which the body or bodies of
the deceased were placed. Secondary chambers may be added in
the sides of the mound. They are common in South England from
Sussex to Dorset. Earthen (or unchambered) long barrows belong
to the early and middle Neolithic, whereas others were construct-
ed over megalithic (great stone) tombs which generally served as
collective burial chambers. The stones are arranged to form one,
often large, chamber with a single entrance, and are buried under
a mound of earth. The remains of these stone chambers, once their
earth covering has disappeared, are known as dolmens, and in
Wales as cromlechs.

round barrow Round barrows belong mainly to the Bronze Age,
although in historic times there are examples from the Roman peri-
od, and some of the Saxon and most of the Danish invaders were
barrow-builders. In northern Europe, round barrows were some-
times built above a tree-trunk coffin in which waterlogged condi-
tions have preserved nonskeletal material, such as those found in
Denmark dating from around 1000 BC.

In Britain the most common type is the bell barrow, consisting of
a circular mound enclosed by a ditch and an outside bank of earth.
Other types include the bowl barrow, pond barrow, saucer barrow,
ring barrow, and disc barrow, all of which are associated with the
Wessex culture (early Bronze Age culture of S England dating from
approximately 2000-1500 BC).

Barrows from the Roman era have a distinctive steep and coni-
cal ontline, and in SE Britain usually cover the graves of wealthy
merchant traders. They are also found in Belgic Gaul, where the
traders had commercial links. Not all burials in the Roman era
were in barrows; cemeteries were also used.

In eastern European and Asiatic areas where mobility was
afforded by the horse and wagon, a new culture developed of pit
graves marked by a kurgan, or round mound, in which a single
body lay, often accompanied by grave goods which might include a
wagon. These date from around 3000 BC.
boat burial The placing of a great person’s body in a ship is seen
in Viking burials, such as the Oseberg ship in Norway, which was
buried and sealed around AD 800. Barrows were erected over boat
burials during the Saxon period, and the Sutton Hoo boat burial
excavated in Suffolk, England during 1938-39 was that of an East
Anglian king of Saxon times.

baryon in nuclear physics, a heavy subatomic particle made up of
three indivisible elementary particles called quarks. The baryons
form a subclass of the phadrons and comprise the nucleons (pro-
tons and neutrons) and hyperons.

basal metabolic rate (BMR) amount of energy needed
by the body to maintain life. It is measured when the subject is
awake but resting, and includes the energy required to keep the
heart beating, sustain breathing, repair tissues, and keep the brain
and nerves functioning., Measuring the subject’s consumption of
oxygen gives an accurate value for BMR, because oxygen is need-
ed to release energy from food.

A cruder measure of BMR estimates the amount of heat given
off, some heat being released when food is used up. BMR varies
from one species to another, and from males to females. In
humans, it is highest in children and declines with age. Disease,
including mental illness, can make it rise or fall. Hormones from
the othyroid gland control the BMR.

basalt commonest volcanic digneons rock in the solar system.
Much of the surfaces of the terrestrial planets Mercury, Venus,
Earth, and Mars, as well as the Moon, are composed of basalt.
Earth's ocean floor is virtually entirely made of basalt. Basalt is
mafic, that is, it contains relatively kttle fsilica: abont 50% by
weight. 1t is usually dark grey bnt can also be green, brown, or
black. Its essential constituent minerals are calcium-rich ¢feldspar
and calcium and magnesium-rich ppyroxene.

The groundmass may be glassy or finely crystalline, sometimes
with large perystals embedded. Basaltic lava tends to be runny and
flows for great distances before solidifying. Snccessive eruptions of
basalt have formed the great plateaus of Colorado and the Deccan
plateau region of southwest India. In some places, such as Fingal's
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Cave in the Inner Hebrides of Scotland and the Giant's Causeway in
Antrim, Northern Ireland, shrinkage during the solidification of the
molten lava caused the formation of hexagonal columns.

The dark-coloured lowland maria regions (see Hmare) of the
Moon are underlain hy hasalt. Lunar mare hasalts have higher con-
centrations of titanium and zirconium and lower rations of
volatile elements like potassium and sodium relative to terrestrial
hasalts. Martian hasalts are characterized by low ratios of iron to
manganese relative to terrestrial basalts, as judged from some
martian meteorites (shergottites, a class of the SNC metecrites) and
spacecraft analyses of rocks and soils on the Martian surface.

bascule bridge type of drawbridge in which one or two counter-
weighted deck members pivot upwards to allow shipping to pass
underneath. One example is the double bascule Tower Bridge,
London.

base in chemi b that protons, such as the
hydroxide ion (OH j and ammonia (NH;). Bases react with acids to
give a salt. Those that dissolve in water are called alkalis.

Inorganic bases are usnally oxides or hydroxides of metals,
which react with dilute acids to form a salt and water. A number of
carbonates also react with dilute acids, additionally giving off car-
hon dioxide. Many organic compounds that contain nitrogen are
bases.

Binary Octal Decimal Hexadecimal
(Base 2) (Base 8) (Base 10) (Base 16)
0 0 0 0

1 1 1 1
10 2 Q Q
1 3 3 3
100 4 4 4
101 5 5 5
110 6 6 6
m 7 7 7
1000 10 8 8
1001 1 9 9
1010 12 10 A
1011 13 1 B
1100 14 12 C
1101 15 15} D
1110 16 14 E
1 17 15 F
10000 20 16 10
111111 377 955 3
11111010001 31 2001 701

base in mathematics, the number of different single-digit symbols
used in a particular number system. In our usual (decimal) connt-
ing system of numbers (with symbols 0, 1, 2, 3, 4, 5, 6, 7, 8, 9) the
base is 10. In the phinary number system, which has ouly the sym-
hols 1 and 0, the base is two. A base is also a number that, when
raised to a particular power (that is, when multiplied by itself a
particular number of times as in 102 = 10 x 10 = 100), has a
dlogarithm equal to the power. For example, the logarithm of 100
to the hase ten is 2.

In geometry, the term is used to denote the line or area on which
a polygon or solid stands.

Science is an essentially anarchistic enterprise: theoretical
anarchism is more humanitarian and more likely to encourage
progress than its law-and-order alternatives.

PauL K FEYERABEND Austrian-born US philosopher of science.
Against Method 1975

Binary Octal Decimal  Hexadecimal
(base2)  (base8)  (base 10) (base 16)
0 0 0 0

1 1 1 1

10 2 2 2

11 8 3 3

100 4 4 4

101 5] 5 5
110 6 6 6

m 7 7 7
1000 10 8 8
1001 1 9 9
1010 12 10 A
1011 13 " B
1100 14 12 C
1101 15 13 D
1110 16 14 E
111 17 15 F
10000 20 16 10
RARRRRRDI 377 255 FF
11111010001 3721 2001 701

base Four different numerical systems showing the numbers 1-16,
with some examples of greater numbers. In the hexadecimal (base
16) system, all numbers up to 15 must be represented by a single
character. To achieve this the decimal values 10-15 are represented
by the letters A-F.

baseband in computing, type of dnetwork that transmits a com-
puter signal without modulation (conversion of pdigital signals to
panalogue). To be able to send a computer's signal over the ana-
logue telephone network, a 9modem is required to convert — or
modulate — the signal. On baseband networks, which include the
most popular standards such as pEthernet, the signal can be sent
directly, without such processing.

baseniji breed of dog originating in Central Africa, where it is used
for hunting. About 41 cm/16 in tall, it has pointed ears, curled tail,
and short glossy coat of black or red, often with white markings. It
is remarkable because it has no true bark.

base pair in biochemistry, the linkage of two base (purine or
pyrimidine) molecules in )DNA. They are found in nucleotides, and
form the basis of the genetic code.

One base lies on one strand of the DNA double helix, and one on
the other, so that the hase pairs link the two strands like the rungs
of a ladder. In DNA, there are four bases: adenine and guanine
(purines) and cytosine and thymine (pyrimidines). Adenine always
pairs with thymine, and cytosine with guanine.

BASIC (acronym for beginner's all-, -purpose. symbelic instruction
code) high-level p -progr developed
1964, originally designed to take advantage of Omuluuser systems
(which can be used by many people at the same time). The lan-
guage is relatively easy to learn and is popular among microcom-
puter users.

Most versions make use of an pinterpreter, which translates
BASIC into pmachine code and allows programs to be entered and
run with no intermediate translation. Some more recent versions of
BASIC allow a pcompiler to he nsed for this process.

basicity number of replaceable hydrogen atoms in an acid. Nitric
acid (HNO,) is monobasic, sulphuric acid (H,S0,) is dibasic, and
phosphoric acid (H,PO,) is tribasic.

basic-oxygen process most widely used method of steelmaking,
involving the blasting of oxygen at supersonic speed into molten pig
iron.

Pig iron from a blast furnace, together with steel scrap, is
poured into a converter, and a jet of oxygen is then projected into
the mixture. The excess carbon in the mix and other impurities
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basic—oxygen process The basic—oxygen process is the primary
method used to produce steel. Oxygen is blown at high pressure
through molten pig iron and scrap steel in a converter lined with
basic refractory materials. The impurities, principally carbon, quickly
burn out, producing steel.

quickly burn out or form a slag, and the converter is emptied by
tilting. It takes only about 45 minutes to refine 350 tonnes/400 tons
of steel. The basic-oxygen process was developed 1948 at a steel-
works near the Austrian towns of Linz and Donawitz. It is a version
of the pBessemer process.

basidiocarp spore-bearing body, or ‘fruiting body’, of all basid-
iomycete fungi (see dfungus), except the rusts and smuts. A well
known example is the edible mushroom Agaricus brunnescens.
Other types include globnlar basidiocarps (puffballs) or flat ones
that project from tree trunks (brackets). They are made up of a
mass of tightly packed, intermeshed phyphae.

The tips of these hyphae develop into the reproductive cells, or
basidia, that form a fertile layer known as the bymenium, or gills,
of the basidiocarp. Four spores are budded off from the surface of
each basidium.

basil or sweet basil plant with aromatic leaves, belonging to the
mint family. A native of the tropics, it is cnltivated in Europe as a
herb and nsed to Navour food. Its small white flowers appear on
spikes. (Genus Ocimum basilicum, family Labiatae.)

basilisk Central and South American lizard, genus Basiliscus. It is
about 50 ¢nv20 in long and weighs about 90 g/0.2 Ib. Its rapid
speed (more than 2 m/6.6 fi per second) and the formation of air
pockets around the feet enable it to run short distances across the
surface of water. The male has a well-developed crest on the head,
body. and tail.

basket-star any pbrittle-star of the order Phrynaphiurida, whose
spiny arms branch repeatedly to form a coiled mass. Unlike other
brittle-stars, which tend to be carnivorons, the hundred or so
s of basket-star are suspension feeders, trapping large parti-
cles in their extended arms.

bass long-hodied scaly sea fish Morone labrax found in the N
Atlantic and Mediterranean. They grow to 1 mv/3 ft, and are often
seen in shoals,

Other fish of the same family (Serranidae) are also called bass,
as are North American freshwater fishes of the family
Centrarchidae, such as black bass and small-monthed bass.

basset any of several breeds of hound with a long low body and
long pendulous ears, of a type originally bred in France for hunt-
ing hares by scent.

BAT CONSERVATION INTERNATIONAL

http://www.batcon.org/

Articles, photographs, and miscellaneous bat trivia, plus sound files
of bat echolocation signals. As well as promoting membership of
their bat society, this page contains plenty of bat-related
information, including US and European species’ lists and tips on
photographing these elusive animals.

bat any mammal of the order Chiroptera, related to the
Insectivora (hedgehogs and shrews), but differing from them in
being able to fly. Bats are the only true flying mammals. Their fore-
limbs are developed as wings capable of rapid and snstained flight.
There are two main groups of bats: megabats, which eat fruit, and
microbats, which mainly eat insects. Although by no means blind,
many microbats rely largely on pecholocation for navigation and
finding prey, sending out pulses of high-pitched sound and listen-
ing for the echo. Bats are nocturnal, and those native to temperate
countries hibernate in winter. There are about 977 species forming
the order Chiroptera, making this the second-largest mammalian
order; bats make up nearly one-quarter of the world's mammals.
Although bats are widely distributed, populations have declined
alarmingly and many species are now endangered.

megabats The Megachiroptera live in the tropical regions of the
0ld World, Australia, and the Pacific, and feed on fruit, nectar, and
pollen. The hind feet have five toes with sharp hooked claws which
suspend the animal head downwards when resting. There are 162
species of Megachiroptera. Relatively large, weighing up to 900 g/2
Ib and with a wingspan as great as 1.5 m/5 ft, they have large eyes
and a long face, earning them the name ‘flying fox'. Most orient by
sight.

Many rainforest trees depend on bats for pollination and seed
dispersal, and around 300 bat-dependent plant species yield more
than 450 economically valuable products. Some bats are keystone
species on whose survival whole ecosystems may depend. Bat-pol-
linated flowers tend to smell of garlic, rotting vegetation, or fungus.
microbats Most bats are Microchiroptera, mainly small and
insect-eating. Some eat fish as well as insects; others consume
small rodents, frogs, lizards, or birds; a few feed on the blood of
mammals (Ovampire bats). There are about 750 species. They roost
in caves, crevices, and hollow trees. A single bat may eat 3,000

bat The Gambian epauletted bat Epomophorus gambianus is a
common species in W Africa. It often roosts quite low in trees during
the day, undisturbed by the presence of people. Like many tropical
bats, it feeds on fruit. A young bat is visible tucked under the wing
of one of the females pictured. Premaphotos Wildlife
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insects in one night. The bumblebee bat, inhabiting SE Asian rain-
forests, is the smallest mammal in the world.

Many microbats have poor sight and orientation and hunt their
prey principally by echolocation. They have relatively large ears and
many have nose-leaves, fleshy appendages around the nose and
mouth, that probably help in sending or receiving the signals, which
are squeaks pitched so high as to be inaudible to the human ear.
ancestors The difference in the two bat groups is so marked that
many biologists believe that they must have had different ances-
tors: microbats descending from insectivores and megabats
descending from primates. Analysis of the proteins in blood serum
from megabats and primates by German biologists in 1994 showed
enough similarities to suggest a close taxonomic relationship
between the two groups.
biology A bat's wings consist of a thin hairless skin expansion,
stretched between the four fingers of the hand, from the last finger
down to the hindlimb, and from the hindlimb 1o the tail. The thumb
is (ree and has a sharp claw to help in climbing. The shoulder gir-
dle and breasthone are large, the latter being keeled, and the
pelvic girdle is small. The bones of the limbs are hollow, other
bones are slight, and the ribs are flattened.

An adult female bat usually rears ouly one pup a year, which she
carries with her during flight. In species that hibernate, mating
may take place before hibernation, the female storing the sperm in
the genital tract throughout the winter and using it to fertilize her
egg on awakening in spring.

batch file file that runs a group (batch) of commands. The most
commonly used batch file is the $DOS start-up file )AUTOEXEC.BAT.

batch processing in computing, a system for processing data
with little or no operator intervention. Batches of data are pre-
pared in advance to be processed during regular ‘runs’ (for exam-
ple, each night). This allows efficient use of the computer and is
well suited to applications of a repetitive nature, such as a compa-
ny payroll.

In interactive computing, by contrast, data and instructions are
entered while the processing program is running.

bat-eared fox small African fox Otocyon megalotis, with huge
ears, sandy or greyish coat, black legs, and black-tipped bushy tail.
They measure about 80 ¢cm/31.5 in in length, including tail, and are
30 ecm/12 in at the shoulder; weight 3-5 kg/6.5-11 lb. Bat-eared
foxes feed on insects, particularly termites. There are East African
and South African subspecies.

Litters of two to five cubs are born after a gestation period of 60
days. Both parents help to raise the young, sometimes aided by a
cub from the previous year, but cub mortality is high as they are
vulnerable to predators and disease. Cubs are fully grown at four
months.

Bates eyesight training method develaped by US ophthalmolo-
gist William Bates (1860-1931) to enable people to correct prob-
lems of vision without wearing glasses. The method is of proven
effectiveness in relieving all refractive conditions, correcting
squints, lazy eyes, and similar problems, but does not claim to treat
eye disease.

bat fly wingless parasitic fly. Bat flies are tiny, bloodsucking,
external parasites of bats and look rather spiderlike.

Penicillidia dufouri measures about 5 mm/0.2 in in length, is
rust-brown in colour and parasitizes mouse-eared bats.
classification  Bat flies are in the families Nycteribiidae and
Streblidae, order Diptera, class Insecta, phylum Arthropoda.

batholith large, irregular, deep-seated mass of intrusive digneous
rock, usvally granite, with an exposed surface of more than 100 sq
km/40 sq mi. The mass forms by the intrusion or upswelling of
magma (molten rock) throngh the surrounding rock. Batholiths
form the core of some large mountain ranges like the Sierra
Nevada of western North America.

According to pplate tectonic theory, magma rises in subduction
zones along continental margins where one plate sinks beneath
another. The solidified magma becomes the central axis of a rising
mountain range, resulting in the deformation (folding and over-
thrusting) of rocks on either side. Gravity measurements indicate

Bates, H(enry) W(alter)
(1825-1892)

English naturalist and
explorer. He spent 11
years collecting animals
and plants in South
America and identified
8,000 new species of
insects. He made a special
study of camouflage in
animals, and his observa-
tion of insect imitation of
species that are unpleas-
ant to predators is known
as ’Batesian mimicry’.

Mary Evans Picture Library

that the downward extent or thickness of many batholiths is some
6-9 miV10-15 km.

bathyal zone upper part of the ocean, which lies on the conti-
nental shelf at a depth of between 200 m/650 ft and 2,000 m/6,500
ft

Bathyal zones (both temperate and tropical) have greater biodi-
versity than coral reefs, according to a 1995 study by the Natural
History Museum in London. Maximum biodiversity occurs between
1,000 m/3,280 ft and 3,000 m/9,800 ft.

bathyscaph or bathyscaphe or bathyscape deep-sea diving
apparatus used for exploration at great depths in the ocean. In
1960, Jacques Piccard and Don Walsh took the bathyscaph 7rieste
to a depth of 10,917 m/35,820 ft in the Challenger Deep in the
¢Mariana Trench off the island of Guam in the Pacific Ocean.

battery any energy-storage device allowing release of electricity
on demand. It is made up of one or more electrical dcells. Primary-
cell batteries are disposable; secondary-cell batteries, or
paccumulators, are rechargeable. Primary-cell batteries are an
extremely uneconomical form of energy, since they produce only
2% of the power used in their manufacture. It is dangerous to try
to recharge a primary-cell battery.

The common dry cell is a primary-cell battery based on the
Leclanché cell and consists of a central carbon electrode immersed
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battery The common dry cell relies on chemical changes occurring
between the electrodes - the central carbon rod and the outer zinc
casing - and the ammonium chloride electrolyte to produce
electricity. The mixture of carbon and manganese is used to increase
the life of the cell.
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in a paste of manganese dioxide and ammoninm chloride as the
electrolyte. The zinc casing forms the other electrode.

The lead-acid car battery is a secondary-cell battery. The car’s
generator continnally recharges the battery when the engine is
running. It consists of sets of lead (positive) and lead peroxide (neg-
ative) plates in an elecirolyte of sulphuric acid (®battery acid).
Hydrogen cells and sodinm-sulphur batteries were developed in
1996 to allow cars to run entirely on battery power for up to 60
km/100 mi.

The introduction of rechargeable nickel-cadmium batteries has
revolutionized portable electronic news gathering (sound record-
ing, video) and information processing (computing). These batter-
ies offer a stable, short-term source of power free of noise and
other electrical hazards.

battery acid gsulphuric acid of approximately 70% concentration
used in lead-acid cells (as found in car batteries).

The chemical reaction within the battery that is responsible for
generating electricity also causes a change in the acid's composi-
tion. This can be detected as a change in its specific gravity: in a
fully charged battery the acid's specific gravity is 1.270-1.290; in a
half-charged battery it is 1.190-1.210; in a flat battery it is
1.110-1.130.

baud in engineering, a unit of electrical signalling speed equal to
one pulse per second, measuring the rate at which signals are sent
between electronic devices such as telegraphs and computers; 300
baud is about 300 words a minnte.

Bauds were used as a measure to identify the speed of ymodems
until the early 1990s because at the lower modem speeds available
then the baud rate generally equalled the rate of transmission
measured in Hbps (bits per second). At higher speeds, this is not the
case, and modem speeds now are generally quoted in bps.

Baudot code five-bit code developed in France by engineer Emil
Baudot (1845-1903) in the 1870s. It is still in use for telex.

bauxite principal ore of paluminium, consisting of a mixture of
hydrated aluminium oxides and hydroxides, generally contaminat-
ed with compounds of iron, which give it a red colour. It is formed
by the dchemical weathering of rocks in tropical climates. Chief
producers of bauxite are Australia, Guinea, Jamaica, Russia,
Kazakhstan, Surinam, and Brazil,

To extract aluminium from bauxite, high temperatures (about
800°C/1,470°F) are needed to make the ore molten. Strong electric
currents are then passed through the molten ore. The process is
only economical if cheap electricity is readily available, nsually
from a hydroelectric plant.

bay any uf varivus species of plaurel tree. The aromatic evergreen
leaves are used for flavouring in cookery. There is also a golden-
leaved variety. (Genus Laurus, family Lauraceae.)

Bayesian statistics form of statistics that uses the knowledge of
prior probability together with the probability of actual data to
determine posterior probabilities, using Bayes' theorem.

Bayes' theorem in statistics, a theorem relating the dprobability
of particular events taking place to the probability that events con-
ditional upon them have occurred.

Fur example, the prubability uf picking an ace at randum out of
a pack vf cards if twn cards are picked vut, the probability of
the second card being an ace is conditional on the first card: if the
first card is an ace the probability of drawing a second ace will be
&+ if not it will be 4 Bayes’ theorem gives the probability that
given that the second card is an ace, the first card is also.

BCE abbreviatiun for before the Common Era, used with dates
instead of BC.

B cell or B lymphocyte immune cell that produces antibodies.
Each B cell produces just one type of pantibody, specific to a single
pantigen. Lymphocytes are related to T cells.

BCG (abbreviation for bacille Calmette-Guérin), bacillus injected
as a vaccine to confer active immunity to Htnberculosis (TB).

BCG was developed by Albert Calmette and Camille Guérin in
France in 1921 from live bovine TB bacilli. These bacteria were
bred in the laboratory over many generations until they became
attennated (weakened). Each inoculation contains just enough live,
attennated bacilli to provoke an immune response: the formation of
specific antibodies. The vaccine provides protection for 50-80% of
infants vaccinated.

beach strip of land bordering the sea, normally consisting of boul-
ders and pebbles on exposed coasts or sand on sheltered coasts. It
is usually defined by the high- and low-water marks. A berm, a
ridge of sand and pebbles, may be found at the farthest point that
the water reaches.

The material of the beach consists of a rocky debris eroded from
exposed rocks and headlands, or carried in by rivers. The materi-
al is transported to the beach, and along the beach, by waves that
hit the coastline at an angle, resulting in a net movement of the
material in one particular direction. This movement is known as
longshore drift. Attempts are often made to halt longshore drift by
erecting barriers (groynes), at right angles to the movement.
Pebbles are worn into round shapes by being battered against one
another by wave action and the result is called shingle. The finer
material, the sand, may be subsequently moved about by the wind,
forming sand dunes.

Apart from the natural process of longshore drift, a beach may
be threatened by the commercial use of sand and aggregate, by the
mineral industry - since particles of metal ore are often concen-
trated into workable deposits by the wave action — and by pollution
(for example, by oil spilled or dumped at sea).

beagle short-haired hound with pendant ears, sickle tail, and a
bell-like voice, bred for hunting hares on foot (‘beagling’).

beak horn-covered projecting jaws of a bird (see pbill), or other
horny jaws such as those of the octopns, platypus, or tortoise.

Beaker people prehistoric people thought to have been of
Iberian origin, who spread ont over Enrope from the 3rd millenni-
um BC. They were skilled in metalworking, and are identified by
their use of distinctive earthenware drinking vessels with various
designs.

A type of beaker with an inverted bell-shaped profile was wide-
ly distributed throughont Europe. These bell beakers are associat-
ed with the spread of alcohol consumption, probably mead. The
Beaker people favoured individual inhumation (burial of the intact
body), often in round obarrows, with an associated set of small
stone and metal artefacts, or secondary burials in some form of
chamber tomb. A beaker typically accompanied male burials, pos-
sibly to hold a drink for the deceased on their final journey. The
inclusion of flint, later metal, daggers in grave guods may signify a
warrior, and suggests that the incursion of Bell Beaker culture may
have cume as an intrusion into traditional pre-existing cultures.

beam balance instrument for measuring mass (or weight). A
simple form consists of a beam pivoted at its midpoint with a pan
hanging at each end. The mass to be measured, in one pan, is com-
pared with a variety of standard masses placed in the other. When
the beam is balanced, the masses' turning effects or moments
under gravity, and hence the masses themselves, are equal.

beam engine engine that works by providing an up and down
mution to vne end of a heam, which is translated into working
machinery at the other end. Beam machines may be powered by a
number of sources, including steam and water.

beam weapon weapon capable of destroying a target by means
of a high-energy beam. Beam weapons similar to the ‘death ray’ of
science fiction have been explored, most notably during Ronald
Reagan's presidential term in the 1980s in the USA.

The high-energy laser (HEL) produces a beam of high accuracy
that burns through the surface of its target. The charged particle
beam uses either electrons or protons, which have been accelerat-
ed almost to the speed of light, to slice throngh its target.

bean seed of a large number of legnminous plants (see plegume).
Beans are rich in nitrogen compounds and proteins and are grown
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both for human consumption and as food for cattle and horses.
Varieties of bean are grown throughout Europe, the USA, South
America, China, Japan, SE Asia, and Australia.

The broad bean (Vicia faba) has been cultivated in Europe since
prehistoric times. The French bean, kidney bean, or haricot
(Phaseolus vulgaris) is probably of South American origin; the runner
hean (P. coccineus) is closely related to it, but differs in its climbing
habit. Among beans of warmer countries are the lima or hutter hean
(P lunatus) of South America; the soya bean (Glycine max), exten-
sively used in China and Japan; and the winged bean (Psophocarpus
tetragonolobus) of SE Asia. The tuberous root of the winged hean has
potential as a main crop in tropical areas where protein deficiency is
common. The Asian mung bean (Phaseolus mungo) yields the hean
sprouts used in Chinese cookery. Canned haked beans are usually a
variety of (P. vulgaris), which grows well in the USA.

http://www.nature-
net.com/bears/index.html

Invaluable resource for information on all types of bears. As well as
general information on the evolution and history of bears in
general, there are more specific details on each of the eight species
of bear, including habitat, reproduction, food, and much more. The
site also has photographs and sound effects.

bear large mammal with a heavily built body, short powerful
limbs, and a very short tail. Bears breed once a year, producing one
to four cubs. In northern regions they hibernate, and the young are
born in the winter den. They are found mainly in North America
and N Asia. The skin of the polar bear is black to conserve 80-90%
of the solar energy trapped and channelled down the hollow hairs
of its fur.

Bears walk on the soles of the feet and have long, nonretractable
claws. The hear family, Ursidae, is related to carnivores such as
dogs and weasels, and all are capable of killing prey. (The panda is
probably related to hoth bears and raccoons.)
species There are seven species of bear. The brown bear Ursus
arctos formerly ranged across most of Europe, N Asia, and North
America, but is now reduced in number. It varies in size from under
2 m/7 ft long in parts of the Old World to 2.8 m/9 ft long and 780
kg/1,700 1b in Alaska. The grizzly bear is a North American vari-
ety of this species, and another subspecies, the Kodiak bear of
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Alaska, is the largest living land carnivore. The white polar bear
Thalarctos maritimus is up to 2.5 m/8 ft long, bas furry undersides
to the feet, and feeds mainly on seals. It is found in the north polar
region. The North American black bear Fuarctos americanus and
the Asian black bear Selenarctos thibetanus are smaller, only
about 1.6 m/5 ft long. The latter has a white V-mark on its chest.
The spectacled bear Tremarctos ornatus of the Andes is similarly
sized, as is the sloth bear Melursus ursinus of India and Sri Lanka,
which bas a shaggy coat and uses its claws and protrusile lips to
obtain termites, one of its preferred foods. The smallest bear is the
Malaysian sun bear Helarctos malayanus, rarely more than 1.2
mw/4 ft long, a good climber, whose favourite food is honey.

threat of extinction Of the seven species of hear, five are cur-
rently reckoned to be endangered and all apart from the polar bear
and the American black bear are in decline. The population of
brown hears in the Pyrenees was estimated at eight in 1994, and it
is feared they will be extinct in 20 years unless new hears are intro-
duced. In May 1996 two female Slovenian bhrown hears were
released into the central Pyrenees; the Slovenian brown bear is
closest genetically to the Pyrenean one.

In 1992, American black bears were upgraded to Appendix 2 of
CITES (Convention on International Trade in Endangered Species)
to stem the trade in their gall bladders, which are used in Asian
traditional medicine to treat liver disease. The gall bladders con-
tain an active substance, ursodiol, which is tapped through surgi-
cally-implanted tubes. Although an inexpensive synthetic version of
ursodiol is available, in 1995 there were at least 10,000 hears
being kept in farms in China for their gall bladders, for which many
people still prefer to pay thousands of dollars. Trade in Asian black
bears and their parts is illegal.

bearberry any of a group of evergreen trailing shrubs helonging
to the heath family. found in high and rocky places. Most bearber-
ries are North American but Arctostaphylos uva-ursi is also found
in Asia and Europe in northern mountainous regions. It has small
pink flowers in spring, followed by red berries that are dry hut edi-
ble. (Genus Arctostaphylos, family Ericaceae.)

bearded collie breed of British ¢sheepdog with shaggy hair on its
muzzle. Standing about 53 cm/21 in tall, it has a long coat, which
is often grey, or sometimes sandy, with white on the head, chest,
and feet.

Bear, Great and Little common names (and translations of the
Latin) for the constellations jUrsa Major and ¢Ursa Minor respec-
tively.

bearing device used in a machine to allow free movement
between two parts, typically the rotation of a shaft in a housing.

Journal bearing

journal

bearing Three types of bearing. The roller and the ball bearing are similar, differing only in the shape of the parts that roll when the middle
shaft turns. The simpler journal bearing consists of a sleeve, or journal, lining the surface of the rotating shaft. The bearing is lubricated to

reduce friction and wear.
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Ball bearings consist of two rings, one fixed to a housing, one to
the rotating shafi. Between them is a set, or race, of steel balls.
They are widely used to support shafts, as in the spindle in the hub
of a bicycle wheel.

The sleeve, or journal bearing, is the simplest bearing. It is a
hollow cylinder, split into two halves. It is used for the big-end and
main bearings on a car pcrankshaft.

In some machinery the balls of ball bearings are replaced by
cylindrical rollers or thinner needle bearings.

In precision equipment such as watches and aircraft instru-
ments, bearings may be made from material such as ruby and are
known as jewel bearings.

For some applications bearings made from nylon and other plas-
tics are used. They need no lubrication because their surfaces are
naturally waxy.

north

north

>

A

the bearing of B from A is 065°
the backbearing, or bearing of A from B, is 245°

bearing A bearing is the direction of a fixed point, or the path of a
moving object, from a point of observation on the Earth's surface,
expressed as an angle from the north. In the diagram, the bearing
ofa point A from an observer at B is the angle between the line BA
and the north line through B, measured in a clockwise direction
from the north line.

bearing the direction of a fixed point, or the path of a moving
object, from a point of observation on the Earth's surface,
expressed as an angle from the north. Bearings are taken by
ocompass and are measured in degrees (°), given as three-digit
numbers increasing clockwise. For instance, north is 000°, north-

east is 045°, south is 180°, and southwest is 225°.

True north differs slightly from magnetic north (the direction in
which a compass needle points), hence NE may be denoted as
045M or 045T, depending on whether the reference line is mag-
netic (M) or true (T) north. True north also differs slightly from grid
north since it is impossible to show a spherical Earth on a flat map.

beat frequency in musical acoustics, fluctuation produced when
two notes of nearly equal pitch or Ofrequency are heard together.
Beats result from the dinterference between the sound waves of the
notes. The frequency of the beats equals the difference in frequen-
cy of the notes.

Beaufort scale system of recording wind velocity (speed), devised
by Francis Beaufort in 1806. It is a numerical scale ranging from 0
10 17, calm being indicated by 0 and a hurricane by 12; 13-17 indi-
cate degrees of hurricane force.

In 1874 the scale received international recognition; it was mod-
ified in 1926. Measurements are made at 10 m/33 ft above ground
level.

BEAVER

By building dams, beavers create extremely fertile ||
living conditions for other animals. The ponds |
formed by the dams trap a wealth of nourishing miner-
als. They are also full of zooplankton, the combined i
mass of which is a thousand times greater than that
found elsewhere.

|
— =

beaver aquatic rodent with webbed hind feet, a broad flat scaly
tail, and thick waterproof fur. It has very large incisor teeth and
fells trees 1o feed on the bark and to use the logs to construct the
‘lodge’, in which the young are reared, food is stored, and much of
the winter is spent. There are two species, the Canadian Castor
canadensis and the European C. fiber. They grow up to 1.4 m/4.6 ft
in length and weigh about 20 kg/44 1b.

Beavers are monogamous and a pair will produce a litter of twins
each year. Their territory consists of about 3 km/2 mi of river.
Beavers can construct dams on streams, and thus modify the envi-
ronment considerably: beaver ponds act as traps for minerals and
provide fertile living conditions for other species — zooplankton bio-
mass may be 1,000 times greater within a beaver pond than else-
where. Beavers once ranged across Europe, N Asia, and North
America, but in Europe now only survive where they are protected,
and are reduced elsewhere, partly through trapping for their fur.

becquerel SI unit (symbol Bq) of ¢radioactivity, equal to one
radioactive disintegration (change in the nucleus of an atomn when
a particle or ray is given off) per second.

Beaufort Scale
Number and description  Features Airspeed

mph
Ocalm smoke nses vertically; water smooth 0-2 01
1 light air smoke shows wind direction; water ruffled 2-5 1-3
2 light breeze leaves rustle; wind felt on face 6-11 47
3 gentle breeze loose paper blows around 12-19 8-12
4 moderate breeze branches sway 20~99 13-18
5 fresh breeze small trees sway, leaves blown off 30-39 19-24
6 strong breeze whistling in telephone wires; sea spray from waves 40-50 95-31
7 near gale large trees sway 51-61 32-38
8 gale twigs break from trees 62-74 3946
9 strong gale branches break from trees 75-87 47-54
10 storm trees uprooted, weak buildings collapse 88-101 55-63
11 violent storm widespread damage 102-117 64-73
12 humcane widespread structural damage above 118 above 74
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Becquerel, (Antoine)
Henri (1852-1908)

French physicist. He discovered pene-
trating radiation coming from uranium
salts, the first indication of radioactivity,
and shared a Nobe! prize with Marie and
Pierre Curie in 1903.

Meary Evans Picture Library

The becquerel is much smaller than the previous standard unit,
the peurie (3.7 x 1019 Bq). 1t is named after French physicist Henri
Becquerel.

bed in geology, a single psedimentary rock unit with a distinct set
of physical characteristics or contained fossils, readily distinguish-
able from those of beds above and below. Well-defined partings
called bedding planes separate successive beds or strata.

The depth of a bed can vary from a fraction of a centimetre to
several metres or yards, and can extend over any area. The term
is also used to indicate the floor beneath a body of water (lake bed)
and a layer formed by a fall of particles (ash bed).

bedbug flaitened wingless red-brown insect Cimex lectularius
with piercing mouthparts. It hides by day in crevices or bedclothes
and emerges at night to suck human blood.

Bedlington breed of dterrier with a short body, long legs, and
curly hair, usually grey, named after a district of Northumberland,
England.

bee four-winged insect of the superfamily Apoidea in the order
Hymenoptera, usnally with a sting. There are over 12,000 species,
of which fewer than 1 in 20 are social in habit. The hive bee or
honeybee Apis mellifera establishes perennial colonies of about
80,000, the majority being infertile females (workers), with a few
larger fertile males (drones), and a single very large fertile female
(the queen). Worker bees live for no more than a few weeks, while
a drone may live a few months, and a queen several years. Queen
honeybees lay two kinds of eggs: fertilized, female eggs, which have
two sets of chromosomes and develop into workers or queens, and
unfertilized, male eggs, which have only one set of chromosomes
and develop into drones.

Bees transmit information to each other about food sources by
‘dances’, each movement giving rise to sound impulses which are
picked up by tiny hairs on the back of the bee’s head, the orienta-
tion of the dance alse having significance. They use the Sun in nav-
igation (see Pmigration). Besides their use in crop pollination and
production of honey and wax, bees (by a measure of contaminants
brougbt back to their hives) can provide an inexpensive and effec-
tive monitor of indnstrial and other pollution of the atmosphere
and soil.

The most familiar species is the jbumblebee, genus Bombus,
which is larger and stronger than the hive bee and so is adapted to
fertilize plants in which the pollen and nectar lie deep, as in red
clover; they can work in colder weather than the hive bee.

Social bees, apart from the bumblebee and the hive bee, include

http://weber.u.washington.edu/
~jlks/bee.html

Everything you could possibly wish to know about beekeeping is
here. There are, for example, sections on the diseases afflicting bees,
as well as advice on honey and mead-making. The site also includes
an archived list of articles and some multimedia items.

the stingless South American vulture bee 7rigona hypogea, dis-
covered in 1982, which is solely carnivorous.

Solitary bees include species useful in pollinating orchards in
spring, and may make their nests in tunnels under the ground or
in hollow plant stems; ‘cuckoo’ bees lay their eggs in the nests of
bumblebees, which they closely resemble.

The killer bees of South America are a hybrid type, created
when an African subspecies of honeybee escaped frem a research
establishment in Brazil in 1957. They mated with, and supplanted,
the boneybees of European origin in most of South and Central
America, and by 1990 had spread as far north as Texas, USA. As
well as being more productive and resistant to disease than
European honeybees, they also defend their hives more aggres-
sively, in larger numbers, and for a greater length of time than
other honeybees. However, their stings are no more venomouns, and
although they have killed hundreds of thousands of animals and
probably more than 1,000 people, most individuals survive an
attack, and almost all deaths have occurred where the victim has
somehow been prevented from fleeing.

Most bees are passive unless disturbed, but some species are
aggressive. One bee sting may be fatal to a person whe is allergic
to them, but this is comparatively rare (about 1.5% of the popula-
tion), and mest adults can survive 300-500 stings without treat-
ment. A vaccine treatment against bee stings, which uses concen-
trated venom, has been developed.

beech one of several European hardwood trees or related trees
growing in Australasia and South America. The common beech
(Fagus sylvaticus), found in European forests, has a smooth grey
trunk and edible nuts, or ‘mast’, which are used as animal feed or
processed for oil. The timber is used in furniture. (Genera Fagus
and Nothofagus, family Fagaceae.)

bee-eater brightly-coloured bird Merops apiaster, family
Meropidae, order Coraciiformes, found in Africa, S Europe, and
Asia. Bee-eaters are slender, with chestnut, yellow, and blue-green
plumage, a long bill and pointed wings, and a flight like that of the
swallow, which they resemble in shape. They feed on bees, wasps,
and other insects, and nest in colonies in holes dug out with their
long bills in sandy river banks.

bee louse any of a number of species of wingless flies parasitic on
bees. They look more like lice than flies. Most have claws at the
ends of their legs.

classification Bee lice are in the family Braulidae, order Diptera
(suborder Cyclorrhapha), class Insecta, phylum Arthropoda.

Bee lice lay their eggs on the walls or under the cappings of
honey cells. The larvae weork their way from one cell to the next,
feeding on the honey. In small numbers the bee louse is insignifi-
cant; if many are present however, they can be serious pests to
bees and beekeepers.

Braule caeca is rust-brown and about 1.5 mm/0.06 in long. It is
a parasite of honeybees.

beet any of several plants belonging to the goosefoot family, used
as food crops. One variety of the common beet (Bete vulgaris) is
used in to produce sugar and anether, the mangelwurzel, is grown
as a catile feed. The beetroot, or red beet (B. rubra), is a salad
plant. (Genus Bete, family Chenopodiaceae.)

beetfly small grey fly with black hairs. lts maggots feed on beet
leaves. As soon as the maggots hatch they begin to feed. continuing
for one month, when they turn into chestnut-brown pupae. The
flies emerge a fortnight later.

classification The beet fly Anthomyie betae is in the family
Anthomyiidae, order Diptera, class Insecta, phylum Arthropoda.

beetle common name of insects in the order Coleoptera (Greek
‘sheath-winged') with leathery forewings folding down in a protec-
tive sheath over the membranons hindwings, which are those used
for flight. They pass through a complete metamorphosis. They
include some of the largest and smallest of all insects: the largest is
the Hercules beetle Dynastes hercules of the South American rain-
forests, 15 cm/6 in long; the smallest is only 0.05 ¢m/0.02 in long.
Comprising more than 50% of the animal kingdom, beetles number
some 370,000 named species, with many not yet described.
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When it jumps, the flea beetle accelerates at 260
times more than gravity while spinning head over
heels about 70 times per second. Flea beetles always
land the right way up.

Beetles are found in almost every land and freshwater habitat,
and feed on almost anything edible. Examples include click beetle
or skipjack species of the family Elateridae, so called because if
they fall on their backs they right themselves with a jump and a
loud click; the larvae, known as wireworms, feed on the roots of
crops. In some tropical species of Elateridae the beetles have lumi-
nous organs between the head and abdomen and are known as
fireflies. The potato pest Colorado beetle Leptinotarsa decemlin-
eata is striped in black and yellow. The blister beetle Lytta vesica-
toriaf; a shiny green species from S Europe, was once sold pulver-
ized as an aphrodisiac and contains the toxin cantharidin. The Jar-
vae of the furniture beetle Anobium punctatum and the death-
watch beetle Xestobium rufovillosum and their relatives are seri-
ous pests of structural timbers and furniture (see pwoodworm).

begonia any of a group of tropical and subtropical plants. They
have fleshy and succulent leaves, and some have large, brilliant
flowers. There are numerous species in the tropics, especially in
South America and India. (Genus Begonia, family iaceae.)

behaviourism school of psychology originating in the USA, of
which the leading exponent was John B Watson.

Behaviourists maintain that all human activity can ultimately be
explained in terms of conditioned reactions or reflexes and habits
formed in consequence. Leading behaviourists include Ivan pPavlov
and B F Skinner.

It is a good morning exercise for a research scientist to discard
a pet hypothesis every day before breakfast. It keeps him
young.

KoneaD LORENZ Austrian zoologist.
The So-Called Evil

behaviour therapy in psychology, the application of behavioural
principles, derived from learning theories, to the treatment of clin-
ical conditions such as dphobias, pobsessions, and sexual and inter-
personal problems.

The symptoms of these disorders are regarded as learned pat-
terns of behaviour that therapy can enable the patient to unlearn.
For example, in treating a phobia, the patient is taken gradually
into the feared situation in about 20 sessions until the fear notice-
ably reduces.

bel unit of sound measurement equal to ten tdecibels. 1t is named
after Scottish scientist Alexander Graham Bell.

belemnite extinct relative of the squid, with rows of little hooks
rather than suckers on the arms. The parts of belemnites most fre-
quently found as fossils are the bullet-shaped shells that were with-
in the body. Like squid, these animals had an ink sac which could
be used to produce a smokescreen when attacked.

Belgian sheepdog any of four varieties of herding and guarding
dog developed in Belgium: the Groenedacl, Turvuren, Malinois, and
Lakenois. Similar in build and size, they stand about 62 cm/24 in
tall, the main difference between them being the variations in
colour and type of coat.

The Groenedael has a long all-black coat; the Tervuren has a
long tawny coat with black markings on the face; the Malinois is
similar to the Tervuren in colour, but with a short coat; the
Lakenois also shares the Tervuren's colouring, but with a short,
coarse, wavy coat. .

Bell, Alexander Graham
(1847-1922)

Scottish-born US scientist and inventor. He was the first person
ever to transmit speech from one point to another by electrical
means. This invention -

the telephone - was
made in 1876. Later Bell
experimented with a type
of phonograph and, in
aeronautics, invented the
tricycle undercarriage.

Bell also invented a
photophone, which used
selenium crystals to apply
the telephone principle
to transmitting words in
a beam of light. He thus
achieved the first wire-
less transmission of
speech.

Mary Evans Picture Library

BELL, ALEXANDER GRAHAM

Alexander Graham Bell's invention of the tele-
phone stemmed from his interest in hearing defects.
His wife was profoundly deaf. On the day that Beil was

buried in 1922, the entire telephone network in the

USA was closed down for one minute in tribute.

belladonna or deadly nightsh 3 s plant b ing to
the mghlshddo family, found in Eurupe and Asja. It grows to 1.5
m/5 ft in height, with dull green leaves growing in unequal pairs,
up to 20 cnv8 in long, and single purplish flowers that produce
deadly black berries. Drugs are made from the leaves. (Atropa bel-
ladonna, family Solanaceae.)

The dried powdered leaves are used to produce the drugs
atropine and hyoscine. Belladonna extract acts medicinally as an
anticholinergic (blocking the passage of certain nerve impulses),
and is highly poisonous in large doses.

Bell Burnell, (Susan) Jocelyn (1943~ ) British astronomer. In
1967 she discovered the first pulsar (rapidly flashing star) with
Antony Hewish and colleagues at Cambridge University, England.

bellflower general name for many plants with bell-shaped flow-
ers, The pharebell (Campanula rotundifolia) is a wild bellflower.
The Canterbury bell (C. medium) is the garden variety, ongmally
from S Europe. (Genus Camp la, family Campanul

bells nautical term applied to half-hours of watch. A day is divid-
ed into seven watches, five of four hours each and two, called dog-
watches, of two hours. Each half-hour of each watch is indicated by
the striking of a bell, eight bells signalling the end of the watch.

benchmark in computing, a measure of the performance of a
piece of equipment or software, usually consisting of a standard
program or suite of programs. Benchmarks can indicate whether a
computer is powerful enough to perform a particular task, and so
enable machines to be compared. However, they provide ounly a
very rough guide to practical performance, and may lead manu-
facturers to design systems that get high scores with the artificial
benchmark programs but do not necessarily perform well with
day-to-day programs or data.

bends or compressed-air sickness or caisson disease popular
name for a syndrome seen in deep-sea divers, arising from too
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rapid a release of nitrogen from solution in their blood. If a diver
surfaces too quickly, nitrogen that had dissolved in the blood under
increasing water pressure is suddenly rel d, forming bubbles in
the bloodstream and cansing pain (the ‘bends’) and paralysis.
Immediate treatment is gradnal decompression in a decompression
chamber, whilst breathing pure oxygen.

Benioff zone seismically active zone inclined from a deep sea
trench beneath a continent or continental margin. Earthquakes
along Benioff zones define the top surfaces of plates of ¢lithosphere
that descend in to the mantle beneath another, overlying plate. The
zone is named after Hugo Benioff, a US seismologist who first
described this feature.

bent or beat grass any of a group of grasses. Creeping bent grass
(Agrostis stolonifera), also known as fiorin, is common in N North
America, Europe, and Asia, including lowland Britain. It spreads by
prunners and has large attractive clusters (panicles) of yellow or
purple flowers on thin stalks, like oats. It is often used on lawns and
golf courses. (Genus Agrostris, family Gramineae.)

benzaldehyde C H;CHO colourless liquid with the characteristic
odour of almonds. It is used as a solvent and in the making of per-
fumes and dyes. It occurs in certain leaves, such as the cherry, lau-
rel, and peach, and in a combined form in certain nnts and kernels.
1t can be extracted from such natural sources, bnt is usually made
from dtoluene.

Benzedrine trade name for pamphetamine, a stimulant drug.

benzene CH clear liquid hydrocarbon of characteristic odour,
occurring in coal tar. It is nsed as a solvent and in the synthesis of
many chemicals.

The benzene molecule consists of a ring of six carbon atoms, all
of which are in a single plane, and it is one of the simplest dcyclic
compounds. Benzene is the simplest of a class of compounds col-
lectively known as aromatic ds. Some are idered car-

zaldehyde and occurs in certain natural resins, some essential oils,
and as hippuric acid.

benzoin resin (thick liquid that hardens in the air) obtained by
making cuts in the bark of the tree Styrax benzoin, which grows in
the East Indies. Benzoin is used in cosmetics, perfumes, and
incense.

benzpyrene one of a number of organic compounds associated
with a particular polycyclic ring structure. Benzpyrenes are pre-
sent in coal tar at low levels and are considered carcinogenic (can-
cer-inducing). Traces of benzpyrenes are present in wood smoke,
and this has given rise to some concern abont the safety of natu-
rally smoked foods.

bergamot small evergreen tree belonging to the rue family. A fra-
grant citrns-scented essence is obtained from the rind of its fruit
and used as a perfume and food flavouring, for example in Earl
Grey tea. The sole source of supply is S Calabria, Italy, but the
name comes from the town of Bergamo, in Lombardy. (Citrus
bergamia, family Rntaceae.)

Bergmann musquete Machine Pistol 18 German automatic
weapon of World War I, the forerunner of the modern submachine
gun. A simple automatic weapon with a short barrel and wooden
stock, it fired the standard 9 mm pistol cartridge at 400 rounds per
minnte.

1t was first issued in 1916 for trench defence, but the adoption
of the infiltration tactic by General von Hutier led to the weapon
being issued to ‘Storm Troops’ since it provided the ideal combina-
tion of firepower and portability demanded in this role.

beriberi nutritional disorder occurring mostly in the tropics and
resulting from a deficiency of vitamin B, {)thiamine). The disease
takes two forms: in one Hoedema (waterlogging of the tissues)
occurs in the other there is severe emaciation. There is nerve
ation in both forms and many victims succumb to heart

P

cinogenic (cancer-inducing).

benzene The molecule of benzene consists of six carbon atoms
arranged in a ring, with six hydrogen atoms attached. The benzene
ring structure is found in many naturally occurring organic
compounds.

benzodiazepine any of a group of mood-altering drugs (tran-
quillizers), for example Librium and Valium. They are addictive
and interfere with the process by which information is transmitted
between brain cells, and varions side effects arise from continued
use, They were originally developed as muscle relaxants, and then
excessively prescribed in the West as anxiety-relieving drugs.

Today the benzodiazepines are r ded only for short-
term use in alleviating severe anxiety or insomnia.

benzoic acid C H,COOH white crystalline selid, sparingly soluble
in water, that is nsed as a preservative for certain foods and as an
antiseptic. It is obtained chemically by the direct oxidation of ben-

failure.

Beringia or Bering Land Bridge former land bridge 1,600
km/1,000 mi wide between Asia and North America; it existed dur-
ing the ice ages that occurred before 35,000 BC and during the
period 24,000-9,000 BC. It is now covered by the Bering Strait and
Chukchi Sea.

berkelium synthesized, radioactive, metallic element of the
actinide series, symbol Bk, atomic number 97, relative atomic
mass 247.

It was first produced in 1949 by Glenn Seaborg and his team, at
the University of California at Berkeley, USA, after which it is
named.

Bernoulli's principle law stating that the pressure of a fluid
varies inversely with speed, an increase in speed producing a
decrease in pressure (snch as a drop in hydraulic pressure as the
fluid speeds np flowing through a constriction in a pipe) and vice
versa. The principle also explains the pressure differences on each
surface of an aerofoil, which gives lift to the wing of an aircraft.
The principle was named after Swiss mathematician and physicist
Daniel Bernoulli.

berry fleshy, many-seeded (fruit that does not split open to
release the seeds. The outer layer of tissue, the exocarp, forms an
outer skin that is often brightly coloured to attract birds to eat the
fruit and thus disperse the seeds. Examples of berries are the
tomato and the grape.

A pepo is a type of berry that has developed a hard exterior, snch
as the cucumber fruit. Another is the hesperidium, which has a
thick, leathery outer layer, such as that found in citrus fruits, and
flnid-containing vesicles within, which form the segments.

beryl mineral, beryllium alumininm silicate, Be;Al,Sig0, 5, which
forms crystals chiefly in granite. 1t is the chief ore of beryllium. Two
of its gem forms are aquamarine (light-blue crystals) and emerald
(dark-green crystals).

beryllium hard, light-weight, silver-white, metallic element, sym-
bol Be, atomic number 4, relative atomic mass 9.012. It is one of
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the palkaline-earth metals, with chemical properties similar to
those of magnesium. In nature it is found only in combination with
other elements and occurs mainly as beryl (3Be0.Al,0,.65i0,). 1t
is used to make sturdy, light alloys and to contral the speed of
neutrons in nuclear reactors. Beryllium oxide was discovered in
1798 by French chemist Lonis-Nicolas Vauquelin (1763-1829),
but the element was not isolated until 1828, by Friedrich Wéhler
and Antoine-Alexandre-Brotns Bussy independently.

In 1992 large amounts of beryllium were unexpectedly discov-
ered in six old stars in the Milky Way.

Berzelius, Jons Jakob
(1779-1848)

Swedish chemist. He accurately determined more than 2,000 rel-
ative atomic and molecular masses. In 1813-14, he devised the
system of chemical symbols and formulae now in use and pro-
posed oxygen as a reference standard for atomic masses. His dis-
coveries include the elements cerium 1804, selenium 1817, and
thorium 1B28; he was the first to prepare silicon in its amorphous
form and to isolate zirconium. The words ‘isomerism’, ‘allotropy’,
and ‘protein’ were coined by him.

Berzelius noted that
some reactions appeared
to work faster in the pres-
ence of another sub-
stance which itself did not
appear to change, and
postulated that such a
substance contained a
catalytic force. Platinum,
for example, was capable
of speeding up reactions
between gases. Although
he appreciated the nature
of catalysis, he was
unable to give any real
explanation of the mech-
anism.

Mary Evans Picture Library

Bessemer process the first cheap method of making fsteel,
invented by Henry Bessemer in England 1856. It has since been
superseded by more efficient steel-making proc , such as the
Obasic-oxygen process. In the Bessemer pro: compressed air is

Bessemer process In a Bessemer converter, a blast of high-pressure
air oxidizes impurities in mo/ten iron and converts it to steel.

Bessemer, Henry
(1813-1898)

British engineer and inventor who
developed a method of converting
molten pig iron into steel (the
Bessemer process) in 1856. Knighted
in 1879.

Mary Evans Picture Library

blown into the bottom of a converter, a furnace shaped like a
cement mixer, containing molten pig iron. The excess carbon in the
iron burns ont, other impurities form a slag, and the furnace is
emptied by tilting.

beta pre-release version of a new software program still in devel-
opment, which is handed out to users for testing. The worst dbugs
are usunally eliminated at the earlier alpha stage of development.
Beta testers use the software to do real work and report any bugs
or badly implemented features they find to the developers, wha
incorporate this information in refining the product for release.
Companies that assist with such testing are known as beta sites.

beta-blocker any of a class of drugs that block impulses that
stimulate certain nerve endings (beta receptors) serving the heart
muscle. This reduces the heart rate and the force of contraction,
which in turn reduces the amount of oxygen (and therefore the
blood supply) required by the heart. Beta-blockers may be useful in
the treatment of angina, arrhythmia (abnormal heart rhythms),
and raised blood pressure, and following heart attacks. They must
be withdrawn from use gradually.

beta decay the disintegration of the nucleus of an atom to pro-
duce a beta particle, or high-speed electron, and an electron-anti-
nentrino. During beta decay, a nentron in the nucleus changes into
a proton, thereby increasing the atomic number by one while the
mass number stays the same. The mass lost in the change is con-
verted inta kinetic (movement) energy of the beta particle.

Beta decay is caused by the weak nuclear force, ane af the fun-
damental dforces of nature operating inside the nucleus.

beta index mathematical measurement of the connectivity of a
transport network. If the network is represented as a simplified
topological map, made up of nodes (junctions or places) and edges
{links), the beta index may be calculated by dividing the number of
nodes by the number of edges. If the number of nodes is 7 and the
number of edges is e, then the beta index B is given by the formula:

B = nsfe

The higher the index number, the better connected the network is.
If B is greater than 1, then a complete circuit exists.

beta particle electron ejected with great velacity from a radioac-
tive atom that is undergoing spontaneons disintegration. Beta par-
ticles do not exist in the nncleus but are created on disintegration,
beta decay, when a neutron converts to a proton to emit an elec-
tron.

Beta particles are more penetrating than dalpha particles, but
less so than pgamma radiation; they can travel several metres in
air, but are stopped by 2-3 mm of aluminium. They are less strong-
ly ionizing than alpha particles and, like cathode rays, are easily
deflected by magnetic and electric fields.

beta version in cumputing, a pre-release version of fsoftware or
an dapplication program, usually distributed to a limited number of
expert users (and often reviewers). Distribution of beta versions
allows nser testing and feedback to the developer, so that any nec-
essary modifications can be made before release.

Betelgeuse or Alpha Orionis red supergiant star in the constel-
lation of 9Orion. It is the tenth brightest star in the night sky,
althongh its brightness varies. It is 1,100 million km/700 millivn mi
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across, about 800 times larger than the Sun. roughly the same size
as the orbit of Mars. It is over 10,000 times as luminous as the Sun,
and lies 650 light years from Earth. Light takes 60 minutes to trav-
el across the giant star.

Its magnitude varies irregularly between 0.4 and 1.3 in a period
of 5.8 years. It was the first star whose angular diameter was mea-
sured with the Mount Wilsen pinterferometer in 1920. The name is
a corruption of the Arabic, describing its position in the shoulder of
Orion.

betel nut fruit of the areca palm (Areca catechu), which is
chewed together with lime and betel pepper as a stimulant by peo-
ples of the East and Papua New Guinea. Chewing it blackens the
teeth and stains the mouth deep red.

betony plant belonging to the mint family, formerly used in med-
icine and dyeing. It has a bairy stem and leaves, and dense heads
of reddish-purple flowers. (Stachys (formerly Betonica) officinalis,
family Labiatae.)

Bezier curve curved line invented by Pierre Bézier that connects
a series of points (or ‘nodes’) in the smoothest possible way. The
shape of the curve is governed by a series of complex mathemati-
cal formulae. They are used in ¢computer graphics and $CAD.

bezoar or bezoar stone hardened mass occasionally found in the

h or i i of ruminating animals, such as goats, llamas,
antelopes, and cows. They appear to be formed through the pres-
ence of some irritating substance in the alimentary tract.

bhang name for a weak form of the drug ¢cannabis used in India.
bhp abbreviation for brake horsepower.
bicarbonate common name for ohydrogencarbonate

bicarbonate indicator pH indicator sensitive enough to show a
colour change as the concentration of the gas carbon dioxide
increases. The indicatoer is used in photosynthesis and respiration
experiments to find out whether carbon dioxide is being liberated.
The initial red colour changes to yellow as the pH becomes more
acidic.

Carbon dioxide, even in the concentrations found in exhaled air,
will dissolve in the indicator to form a weak solution of carbonic
acid. which will lower the pH and therefore give the characteristic
colour change.

bicarbonate of soda or baking soda (technical name sodium
hydrogencarbonate) NaHCO, white crystalline solid that neutral-
izes acids and is used in medicine to treat acid indigestion. It is also
used in baking powders and effervescent drinks.

bichir African fish, genus Polypterus, found in tropical swamps
and rivers. Cylindrical in shape, some species grow to 70 cm/2.3 ft
or more. They show many ‘primitive’ features, such as breathing
air by using the swimbladder, having a spiral valve in the intestine,
having heavy bony scales. and having larvae with external gills.
These, and the fleshy fins, lead some scientists to think they are
related to lungfish and coelacanths.

bichon frise breed of small dog probably originating in France or
Spain and characterized by its pure white. softly curling coat.
Compactly built, it carries its tail curved over its back and stands
23-8 cm/9-11 in at the shoulder.

bicuspid valve or mitral ralve in the left side of the dheart, a
flap of tissue that prevents blood flowing back into the atrium when
the ventricle contracts.

bicycle pedal-driven two-wheeled vehicle used in cycling. It con-
sists of a metal frame mounted on two large wire-spoked wheels,
with handlebars in front and a seat between the front and back
wheels. The bicycle is an energy-efficient. nonpolluting form of
transport, and it is estimated that 800 million bicycles are in use
throughout the world — outnumbering cars three to one. China,
India, Denmark, and the Netherlands are countries with a high use
of bicycles. More than 10% of road spending in the Netherlands is
on cycleways and bicycle parking.

history The first bicycle was seen in Paris in 1791 and was a form

of hobby-horse (though there are versions of the hobby-horse that
date back even earlier) that had to be propelied by pushing the feet
against the ground. The first treadle-propelled cycle was designed
by the Scottish blacksmith Kirkpatrick Macmillan in 1839. The
Rover ‘safety bike’ of 1885 may be considered the forerunner of the
modern bicycle, with a chain and sprocket drive on the rear wheel.
By the end of the 19th century wire wheels, metal frames (replac-
ing wood), and pneumatic tyres (invented by the Scottish veterinary
surgeon John B Dunlop 1888) had been added. Among the bicycles
of that time was the front-wheel-driven penny farthing with a large
front wheel.

technology Recent technological developments have been related
to reducing wind resistance caused by the frontal area and the tur-
bulent drag of the bicycle. Most of an Olympic cyclist's energy is
taken up in fighting wind resistance in a sprint. The first major
innovation was the solid wheel. first used in competitive cycling
1984, but originally patented as long ago as 1878. Further devel-
opments include handlebars that allow the cyclist to crouch and
use the shape of the hands and forearms to divert air away from
the chest. Modern racing bicycles now have a monocoque structure
produced by laying carbon fibre around an internal mould and
then baking them in an oven. Using all these developments, Chris
Boardman set a speed record of 54.4 kph (34 mph) on his way 10
winning a gold medal at the 1992 Barcelona Olympics. To manu-
facture a bicycle requires only 1% of the energy and materials used
to build a car.

When I see an adult on a bicycle, I have hope for the human
race.
H G WeLLs English writer.
Attribuned remark

biennial plant plant that completes its life cycle in two years.
During the first year it grows vegetatively and the surplus food pro-
duced is stored in its ¢perennating organ, usually the root. In the
following year these food reserves are used for the production of
leaves, flowers, and seeds, after which the plant dies. Many root
vegetables are biennials, including the carrot Daucus carota and
parsnip Pastinaca sativa. Some garden plants that are grown as
biennials are actually perennials., for example, the wallflower
Cheiranthus cheiri.

Big Bang in astronomy. the hypothetical ‘explosive’ event that
marked the origin of the universe as we know it. At the time of the
Big Bang, the entire universe was squeezed into a hot. superdense
state. The Big Bang explosion threw this compact material out-
wards, producing the expanding universe (see ¢red shift). The
cause of the Big Bang is unknown; observations of the current rate
of expansion of the universe suggest that it took place about 10-20
billien years ago. The Big Bang theory began modern ¢cosmology.

According to a modified version of the Big Bang, called the infla-
tionary theory, the universe underwent a rapid period of expan-
sion shortly after the Big Bang, which accounts for its current large
size and uniform nature. The inflationary theory is supported by
the most recent observations of the jcosmic background radiation.

Scientists have calculated that one 10-3¢ second (equivalent to
one million-million-million-million-million-millienth of a second)
after the Big Bang. the universe was the size of a pea, and the tem-
perature was 10 billion million million million°C (18 billion million
million million°F). One second after the Big Bang, the temperature
was about 10 billion°C (18 billion°F).

Big Blue popular name for ¢IBM. derived from the company'’s size
and its blue logo.

Big Crunch in cesmology. a possible fate of the universe in which
it ultimately collapses to a point following the halting and reversal
of the present expansion. See also ¢Big Bang and ¢critical density.

Big Dipper North American name for the Plough, the seven bright-
est and most promi stars in the llation OUrsa Major.
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big horn sheep or Rocky Mountain sheep species of large North
American sheep with a brown coat, which turns to blnish-grey in
winter. It is so named from the size of the horns of the ram, which
often measure over 1 m/3.3 ft round the curve.

classification The big horn sheep Ovis canadensis is in family
Bovidae, order Artiodactyla

bight coastal indentation, crescent-shaped or gently curving, such
as the Bight of Biafra in W Africa and the Great Australian Bight.

Big Seven hierarchies on UseNet, the original seven
Hhierarchies of dnewsgroups. They are: comp (compnting), misc
(miscellaneous), news, rec (recreation), sci (science), soc (social
issnes), and talk (debate). These categories of newsgronps are
managed according to specific rules which govern the creation of
new groups, in contrast to the palt hierarchy.

bilberry any of several shrubs belonging to the heath family,
closely related to North American blueberries. They have blue or
black edible berries. (Genus Vaccinium, family Ericaceae.)

bilby rabbit-eared bandicoot Macrotis lagotis, a lightly built mar-
supial with big ears and long nose. This burrowing animal is main-
ly carnivorous, and its pouch opens backwards.

bile brownish alkaline fluid produced by the liver. Bile is stored in
the gall bladder and is intermittently released into the duodenum
(small intestine) to aid digestion. Bile consists of bile salts, bile pig-
ments, cholesterol, and lecithin. Bile salts assist in the breakdown
and absorption of fats; bile pigments are the breakdown products
of old red blood cells that are passed into the gut to be eliminated
with the faeces.

I To remember the properties of bile:

BILE FROM THE LIVER EMULSIFIES GREASES
TINGES THE URINE AND COLOURS THE FAECES
AIDS PERISTALSIS, PREVENTS PUTREFACTION

) IF YOU REMEMBER ALL THIS YOU'LL GIVE SATISFACTION. |
{ . el e ||

bilharzia or schistosomiasis disecase that causes anaemia,
inflammation. formation of scar tissne, dysentery, enlargement of
the spleen and liver, cancer of the bladder, and cirrhosis of the
liver. It is contracted by bathing in water contaminated with human
sewage. Some 200 million people are thought to suffer from this
disease in the tropics, and 750,000 people a year die.

Freshwater snails act as host to the first larval stage of blood
flukes of the genus Schistosoma: when these larvae leave the snail
in their second stage of development, they are able to pass through
homan skin, become sexually mature, and produce quantities of
eggs, which pass to the intestine or bladder. Nomerous eggs are
excreted from the body in urine or faeces to continue the cycle.
‘Treatment is by means of drugs, usnally containing antimony, to
kill the parasites.

bill in birds, the projection of the skull bones covered with a horny
sheath. It is not normally sensitive, except in some aquatic birds,
rooks, and woodpeckers, where the bill is nsed to locate food that
is not visible. The hills of birds are adapted by shape and size to
specific diets, for example, shovellers use their bills to sieve mud in
order to extract food; birds of prey have hooked bills adapted to
tearing flesh; the bills of the avocet, and the curlew are long and
narrow for 1g tiny invertebrates out of the mud; and those of
woodpeckers sharp for pecking holes in trees and plucking out
insects. The hill is also used by birds for preening, fighting, display.
and nest-building.

billion the cardinal number represented by a 1 followed by nine
zeros (1,000,000,000 or 10%), equivalent to a thousand million.

bimetallic strip strip made from two metals each having a differ-

ent coeflicient of Hthermal expansion; it therefore bends when sub-
jected to a change in temperature. Such strips are nsed widely for

temperature measurement and control, for instance in the domestic
thermostat.

bimodal in statistics, having twao distinct peaks of tfrequency distri-
bution.

binary file any file that is not plain text. Program (.EXE or .COM),
sound, video, and graphics files are all types of binary files. Such files
require special treatment for inclusion in e-mail sent across the
Internet, which can transmit only ASCI text and imposes a size limit
of 64Kb per message. Several programs have been developed 1o code
binary files into ASCII for transmission, splitting them into smaller
parts as necessary. The most commonly used snch program is
HUUencode, bnt there are others including base64 and BinHex. See
also OMIME.

binary fission in biology, a form of pasexnal reproduction, whereby
a single-celled organism, such as the amoeba, divides into two small-
er ‘daughter’ cells. It can also occur in a few simple multicellular
organisms, snch as sea anemones, producing two smaller sea
anemones of equal size.

binary large object (contracted to BLOB) in computing, any large
single block of data stored in a database, such as a picture or sound
file. A BLOB does not include record fields, and so cannot be directly
searched by the database's search engine.

binary newsgroup any UseNet Onewsgronp set up for the trans-
mission of picture and other nontext files. The binary newsgroups
have their own sub-hierarchy, alt.binaries, and inclnde groups such
as alt.binaries.pictures.fine-art.digitized and
alt.binaries.pictures.erotica.

Because newsgronps are subject to the same restrictions as
Internet e-mail for the transmission of pbinary files, pictures, pro-
grams, and other files posted to these newsgroups are (UUencoded
and split into sections. To view the pictores, all the parts must be
downloaded and then UUdecoded and stitched back together to form
the original file, which can then be viewed using the appropriate
graphics program.

Other binary newsgroups distribute sound files (alt.binaries.
sound.*) or user-contributed new levels for games such as Doom
(alt.binaries.doom). These newsgroups take up a lot of pbandwidth
and therefore not all sites elect to carry them; blocking software typ-
ically bars access to many of these groups. 1t is considered a breach
of Onetiquetie to post binary files to nonbinary newsgroups.

binary number system system of numbers to Obase two, using
combinations of the digits 1 and 0. Codes based on binary numbers
are used to represent instrnctions and data in all modern digital
computers, the values of the binary digits (contracted to ‘bits’) being
stored or r itted as, for ple, open/closed switches, magne-
tized/unmagnetized discs and tapes, and high/low veltages in cir-
cuits.
The value of any position in a binary number increases by powers
of 2 {donbles) with each move from right to left (1, 2, 4, 8, 16, and so
on). For example, 1011 in the binary number system means (1 x 8) +
(0x 4) +(1x2)+ (1 x 1), which adds up to 11 in the decimal system.

data A

01000001

iy

binary code

digital signal
in Ihe computer

binary number system The capital letter A represented in binary
form.

binary search in compnting, a rapid technigne used to find any
particular record in a list of records held in sequential order. The
computer is programmed to compare the record sought with the
record in the middle of the ordered list. This being done, the com-
puoter discards the half of the list in which the record does not
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appear, thereby reducing the number of records left to search by
half. This process of selecting the middle record and discarding the
unwanted half of the list is repeated until the required record is
found.

binary star pair of stars moving in orbit around their common
centre of mass. Observations show that most stars are binary, or
even multiple - for example, the nearest star system to the Sun,
HAlpha Centauri.

One of the stars in the binary system Epsilon Aurigae may be the
largest star known. Its diameter is 2,800 times that of the Sun. If it
were in the position of the Sun, it would engulf Mercury, Venus,
Earth, Mars, Jupiter, and Saturn. A spectroscopic binary is a bina-
ry in which two stars are so close together that they cannot be seen
separately, but their separate light spectra can be distinguished by

binomial in mathematics, an expression consisting of two terms.
suchasa +bora-b.

binomial system of nomenclature in biology, the system in
which all organisms are identified by a two-part Latinized name.
Devised by the biologist ¢Linnaeus, it is also known as the Linnaean
system. The first name is capitalized and identifies the pgenus; the
second identifies the {species within that genus.

binomial theorem formula whereby any power of a binomial
quantity may be found without performing the progressive multi-
plications.

It was discovered by Isaac )Newton and first published in 1676.

binturong shaggy-coated mammal Arctitis binturong, the largest

a spectroscope.
Another type is the Seclipsing binary.

binding energy in physics, the amount of energy needed to
break the nucleus of an atom into the neuntrons and protons of
which it is made.

BinHex program for coding dbinary files into )ASCII for transmis-
sion over the Internet via e-mail.

binoculars optical instrument for viewing an object in magnifica-
tion with both eyes; for example, field glasses and opera glasses.
Binoculars consist of two telescopes containing lenses and prisms,
which produce a stereoscopic effect as well as magnifying the
image.

Use of prisms has the effect of ‘folding’ the light path, allowing
for a compact design.

The first binocular telescope was constructed by the Dutch
inventor Hans Lippershey in 1608. Later development was largely
due to the German Frnst Abbe of Jena, who at the end of the 19th
century designed prism binoculars that foreshadowed the instru-
ments of today. in which not only magnification but also stereo-
scopic effect is obtained.

focusing/adjustment

ber of the mongoose family, nearly 1 n/3 ft long excluding a
long muscular tail with a prehensile tip. Mainly nocturnal and tree-
dwelling, the binturong is found in the forests of SE Asia, feeding
on fruit, eggs, and small animals.

biochemistry science concerned with the chemistry of living
organisms: the structure and reactions of proteins (such as
enzymes), nucleic acids, carbohydrates, and lipids.

Its study has led to an increased understanding of life processes,
such as those by which organisms synthesize essential chemicals
from food materials, store and generate energy, and pass on their
characteristics through their genetic material. A great deal of med-
ical research is concerned with the ways in which these processes
are disrupted. Biochemistry also has applications in agriculture
and in the food industry (for instance, in the use of enzymes).

biodegradable capable of being broken down by living organ-
isms, principally bacteria and fungi. In biodegradable substances,
such as food and sewage, the natural processes of decay lead to
compaction and liquefaction, and to the release of nutrients that
are then recycled by the ecosystem.

This process can have some disadvantageous side effects, such
as the release of methane, an explosive greenhouse gas. However,
the technology now exists for waste tips to collect methane in

eyepiece

__eyepiece
lenses

light path —|

binoculars An optical instrument that allows the user to focus both eyes on the magnified image at the same time. The essential components
of binoculars are objective lenses, eyepieces, and a system of prisms to invert and reverse the image. A focusing system provides a sharp

image by adjusting the relative positions of these components.
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underground pipes, drawing it off and using it as a cheap source of
energy. Nonbiodegradable substances, such as glass, heavy metals,
and most types of plastic, present serious problems of disposal.

biodiversity (contraction of biological diversity) measure of the
variety of the Earth's animal, plant, and microbial species; of
genetic differences within species; and of the ecosystems that sup-
port those species. Its maintenance is important for ecological sta-
bility and as a resource for research into, for example, new drugs
and crops. In the 20th century, the destruction of habitats is
believed to have resulted in the most severe and rapid loss of bio-
diversity in the history of the planet.

Estimates of the number of species vary widely because many
species-rich ecosystems, such as tropical forests, contain unex-
plored and unstudied habitats. Especially among small organisms,
many are unknown; for instance, it is thought that only 1-10% of
the world's bacterial species have been identified.

The most significant threat to biodiversity comes from the
destruction of rainforests and other habitats in the southern hemi-
sphere. It is estimated that 7% of the Earth's surface hosts 50-75%
of the world’s biological diversity. Costa Rica, for example, has an
area less than 10% of the size of France but possesses three times
as many vertebrate species.

biodynamic farming agricultural practice based on the princi-
ple of phomeopathy: tiny quantities of a substance are applied to
transmit vital qualities to the soil. It is a form of dorganic farming,
and was developed by the Austrian holistic mystic Rndolf Steiner
and Ehrenfried Pfiffer.

bioengineering the application of engineering to biology and
medicine. Common applications include the design and use of arti-
ficial limbs, joints, and organs, including hip joints and heart
valves.

biofeedback in Jio T

the use of electrophy moni-
toring devices to 'feed back’ information about internal processes
and thus facilitate conscious control. Developed in the USA in the
1960s, independently by neurophysiologist Barbara Brown and
neuropsychiatrist Joseph Kamiya, the technique is effective in alle-
viating hypertension and preventing associated organic and physi-
ological dysfunctions.

biofuel any solid, liquid, or gaseous fuel produced from organic
(once living) matter, either directly from plants or indirectly from
industrial, commercial, domestic, or agricultural wastes. There are
three main methods for the development of biofuels: the burning of
dry organic wastes (such as household refuse, industrial and agri-
cultural wastes, straw, wood, and peat); the fermentation of wet
wastes (such as animal dung) in the absence of oxygen to produce
biogas (containing np to 60% methane), or the fermentation of
sugar cane or corn to produce alcohol and esters; and energy
forestry (producing fast-growing wood for fuel).

Fermentation produces two main types of biofuels: alcohols and
esters. These could theoretically be used in place of fossil fuels but,
because major alterations to engines would be required, biofuels
are nsnally mixed with fossil fuels. The EU allows 5% ethanol,
derived from wheat, beet, potatoes, or maize, to be added to fossil
fuels. A quarter of Brazil's transportation fuel in 1994 was ethanol.

biogenesis biological term coined in 1870 by English scientist
Thomas Henry Huxley to express the hypothesis that living matter
always arises out of other similar forms of living matter. It super-
seded the opposite idea of pspontaneous generation or abiogenesis
(that is, that living things may arise out of nonliving matter).

biogeography study of how and why plants and animals are dis-
tributed around the world, in the past as well as in the present;
more specifically, a theory describing the geographical distribution
of Ospecies developed by Robert MacArthur and US zoologist
Edward O Wilson. The theory argues that for many species, eco-
logical specializations mean that suitable habitats are patchy in
their occurrence. Thus for a dragonfly, ponds in which to breed are
separated by large tracts of land, and for edelweiss ﬂdllpt(‘d to
alpine peaks the deep valleys by 1 cannot be coloni?

biological clock regular internal rhythm of activity, prodnced by
unknown mechanisms, and not dependent on external time signals.
Such clocks are known to exist in almost all animals, and also in
many plants, fungi, and unicellular or the first biological

clock gene in plants was isolated in 1995 by a US team of
researchers. In higher organisms, there appears to be a series of
clocks of graded importance. For example, although body temper-
ature and activity cycles in human beings are normally ‘set’ to 24
hours, the two cycles may vary independently, showing that two
clock mechanisms are involved.

biological control The beetle Cryptolaemus montrouzieri being
released on to a mealybug-infested passion flower. Because
mealybugs, which are a serious pest, have a waxy coating and so are
resistant to insecticides, biological control agents are used against
them. Premaphotos Wildlife

biological control control of pests such as insects and fungi
through biological means, rather than the use of chemicals. This
can include breeding resistant crop strains; inducing sterility in the
pest; infecting the pest species with disease organisms; or intro-
ducing the pest's natural predator. Biological control tends to be
naturally self-regulating, but as ecosystems are 50 complex n is
difficult to predict all the of introd gical
controlling agent.

The introduction of the cane toad to Australia 50 years ago to
eradicate a beetle that was destroying sugar beet provides an
example of the unpredictability of biological control. Since the cane
toad is poisonous it has few Australian predators and it is now a
pest, spreading throughout eastern and northern Anstralia at a
rate of 35 kn/22 mi a year.

BIOLOGICAL CONTROL

http://www.nysaes.cornell.edu:80/
ent/biocontrol/

University-based site on the various methods of biological control
used by farmers in the USA. This includes sections on parasitoids,
predators, pathogens, and weed feeders. Each sections contains

images and sections on 'relative effectiveness’ and ‘pesticide
susceptibility’.

biological oxygen demand (BOD) the amount of dissolved oxy-
gen taken up by microorganisms in a sample of water. Since these
microor ive by d posing organic matter, and the
amount of oxygen used is proportional to their number and meta-




91

BIOS

belic rate, BOD can be used as a measure of the extent to which the
water is polluted with organic compounds.

biological shield shield around a nuclear reactor that is intend-
ed to protect personnel from the effects of dradiation. It usually
consists of a thick wall of steel and concrete.

biology Greek bios ‘life’, logos ‘discourse’ science of life. Biology
includes all the life sciences — for example, anatomy and physiolo-
gy (the study of the structure of living things), cytology (the study of
cells), zoology (the study of animals) and botany (the study of
plauts), ecology (the study of habitats and the interaction of living
species), animal behaviour, embryology, and taxonomy, and plant
breeding. Increasingly in the 20th century biologists have concen-
trated on molecular structures: biochemistry, biophysics, and
genetics {the study of inheritance and variation).

Biological research has come a long way towards understanding
the nature of life, and during the 1990s our knowledge will be fur-
ther extended as the international j)Human Genome Project
attempts to map the entire genetic code contained in the 23 pairs
of human chromosomes.

The greatest stride in biology, in our century, was its shift to the
molecular dimension. The next will be its shift toward the sub-
molecular, electronic dimension.

ALBERT SZENT-GYORGY1 Hungarian-born US biochemist.
Bioelectronics 1968

bioluminescence production of light by living organistus. It is a
feature of many deep-sea ﬁshes crustaceans, and other marine

imals. On land, is seen in some nocturnal
insects such as glow-worms and fireflies, and in certain bacteria
and fungi. Light is usnally produced by the oxidation of luciferin, a
reaction catalysed by the penzyme luciferase. This reaction is
unique, being the only known biological oxidation that does not
produce heat. Animal luminescence is involved in communication,
camouflage, or the luring of prey, but its function in other organ-
isms is unclear.

biomass the total mass of living organisms present in a given
area. It may be specified for a particular species (such as earth-
worm biomass) or for a general category (such as herbivore bio-
mass}. Estimates also exist for the entire global plant biomass.
Measurements of biomass can be used to study interactions
between organisms, the stability of those interactious, and varia-
tions in population numbers. Where dry biomass is measured. the
material is dried to remove all water before weighing.

Some two-thirds of the world's population cooks and heats water
by burning biomass, usually wood. Plant biomass can be a renew-
able source of energy as replacement supplies can be grown rela-
tively quickly. Fossil fuels however, originally formed from biomass,
accumulate so slowly that they caunot be considered renewable.
The burning of biomass (defined either as natural areas of the
ecosystem or as forest, grasslands, and fuelwoods) produces 3.5
million tonnes of carbon in the form of carbon dioxide each year,
accounting for np to 40% of the world's annnal carbon dioxide pro-
duction.

http://www.nrel.gov/research/
industrial_tech/biomass.html

Well-presented information on biomass from the US
Department of Energy. A graph supports the textual explanation
of the fact that the world is only using 7 % of annual biomass
production. There is a clear explanation of the chemical
composition of biomass and development of technologies to
transform it into usable fuel sources.

biome broad natural assemblage of plants and animals shaped hy
common patterns of vegetation and climate. Examples include the
tundra biome and the desert biome.

biomechanics application of mechanical engineering principles
and techniques in the field of medicine and surgery. studying nat-
ural structures to improve those produced by humans. For exam-
ple, mother-of-pearl is structurally superior to glass fibre, and deer
antlers have ontstanding durability because they are composed of
microscopic ﬁbres Such natural structures may form the basis of
high-tech posites. hanics has been responsible for many
recent advances in porthopaedics, anaesthesia. and intensive care.
Biomechanical assessment of the requirements for replacement of
joints, including evaluation of the stresses and strains between
parts, and their reliability, has allowed development of implants
with very low friction and long life.

biometrics in computing, biometrics is applied loosely to the
measurement of biological (human) data, nsnally for security pur-
poses, rather than the statistical analysis of biological data. For
example, when someone wants to enter a building or cash a
cheque, their finger or eyeball may be scanned and compared with
a fingerprint or eyeball scan stored earlier. Biometrics saves peo-
ple from having to remember PINs (personal identification num-
bers) and passwords.

biometry literally, the measurement of living things, but general-
ly used to mean the application of mathematics to biology. The term
is now largely obsolete, since mathematical or statistical work is an
integral part of most biological disciplines.

bionics from ‘biological electronics’ design and development of
electronic or mechanical artificial systems that imitate those of liv-
ing things. The bionic arm, for example, is an artificial limb
(Oprosthesis) that uses electronics to amplify minute electrical sig-
nals generated in body muscles to work electric motors, which
operate the joints of the fingers and wrist.

The first person to receive two bionic ears was Peter Stewart, an
Australian journalist, 1989. His left ear was fitted with an array of
22 electrodes, replacing the hairs that naturally convert sounds
into electrical impulses. Five years previously he had been fitted
with a similar device in his right ear.

biophysics application of physical laws to the properties of living
organisms. Examples include using the principles of dmechanics to
calculate the strength of bones and muscles, and thermodynamics
to study plant and animal energetics.

biopsy removal of a living tissue sample from the body for diag-
nostic examination.

biorhythm rhythmic change, mediated by ¢hormones, in the
physical state and activity patterns of certain plants and animals
that have seasonal activities. Examples include winter hibernation,
spring flowering or breeding, and periodic migration. The hormon-
al changes themselves are often a response to changes in day
length (photoperiodism}); they signal the time of year to the animal
or plant. Other biorhythms are innate and continue even if exter-
nal stimuli such as day length are removed. These include a 24-
hour or peircadian rhythm, a 28-day or circalunar rhythm (corre-
sponding to the phases of the Moon), and even a year-long rhythm
in some organisms.

Such innate biorhythms are linked to an internal or pbiological
clock, whose mechanism is still poorly nnderstood.

Often both types of rhythm operate; thus many birds have a cir-
calunar rhythm that prepares them for the breeding season, and a
photoperiodic response. There is also a nonscientific and nnproven
theory that human activity is governed by three biorhythms: the
intellectual (33 days), the emotional {28 days), and the physical
{23 days). Certain days in each cycle are regarded as “critical’, even
more so if one such day coincides with that of another cycle.

BIOS (acronym for basic input/output system) in computing, the
part of the poperating system that handles input and ontput. The
term is also used to describe the programs stored in YROM (and
called ROM BIOS). which are automatically run when a computer
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is switched on allowing it to oboot. BIOS is unaffected by upgrades
to the operating system stored on disc.

biosensor device based on microelectronic circuits that can
dlrectly measure medlcally significant variables for the purpose of
ing tr One such device measures the
blood sugar level of diabetics using a single drop of blood, and
shows the result on a liquid crystal display within a few minutes.

biosphere the narrow zone that supports life on our planet. It is
limited to the waters of the Earth, a fraction of its crust, and the
lower regions of the atmosphere.

BioSphere 2 (BS2) ecological test project, a ‘planet in a bottle’, in
Arizona, USA. Under a sealed glass and metal dome, different habi-
tats are recreated, with representatives of nearly 4,000 species, to
test the effects that various environmental factors have on ecosys-
tems. Simulated ecosystems, or ‘mesocosms’, include savanna,
desert, rainforest, marsh and Caribbean reef. The response of such
systems to elevated atmospheric concentrations of carbon dioxide
gas (CO,) are among the priorities of Biosphere 2 researchers.
BioSphere 1 Experiments with biospheres that contain relatively
simple life forms have been carried out for decades, and a 21-day
trial period in 1989 that included humans preceded the construc-
tion of BS2. However, BS2 is not in fact the second in a series: the
Earth is considered to be Biosphere 1.

human inhabitants Originally, people, called ‘Biospherians’, were
sealed in the dome. The people within were self-sufficient, except for
electricity, which was supplied by a 3.7 megawatt power station on
the outside (solar panels were considered too expensive). The origi-
nal team of eight in residence 1991-1993 was replaced March 1994
with a new team of seven people sealed in for six-and-a-half months.
In 1995 it was decided that further research would not involve seal-
ing people within the biosphere. Researchers, students, and visitors
routinely go in and out of the Biosphere 2 facility.

organization Biosphere 2 was originally run by a private compa-
ny partly funded by ecology-minded oil millionaire Edward P Bass
(1945- ) and was called Space Biosphere Ventures. Space
Biosphere Ventures investors expected to find commercial applica-
tions for the techniques developed in the course of the project. As
of 1 January 1996 Columbia University, USA, joined Space Bisphere
Ventures to form Biosphere 2 Center, Inc.. The purpose of the joint
venture is to use the facility for conferences and classes as well as
further short-term experiments with the artificial ecosystems that
do not involve isolating humans inside.

biosynthesis synthesis of organic chemicals from simple inor-
ganic ones by living cells - for example, the conversion of carbon
dioxide and water to glucose by plants during 0 hesis.

the northern hemisphere. Birches grow rapidly, and their hard,
beautiful wood is used for veneers and cabinet work. (Genus
Betula, family Betulaceae.)

bird backboned animal of the class Aves, the biggest group of land
vertebrates, characterized by warm blood, feathers, wings, breath-
ing through lungs, and egg-laying by the female. Birds are bipedal;
feet are usually adapted for perching and never bave more than
four toes. Hearing and eyesight are well developed, but the sense
of smell is usually poor. No existing species of bird possesses teeth.
Most birds fly, but some groups (such as ostriches) are ﬂlghtless,
and others include flightless bers. Many y
sounds (nearly half of all known species are songbirds) or by visu-
al displays, in connection with which many species are brightly
coloured, vsually the males. Birds have highly developed patterns
of instinctive bebaviour. There are nearly 8,500 species of birds.
According to the Red List of endangered species published by the
World Conservation Union (IUCN) for 1996, 11% of bird species are
threatened with extinction.
wing structure The wing consists of the typical bones of a fore-
limb, the humerus, radius and ulna, carpus, metacarpus, and dig-
its. The first digit is the pollex, or thumb, to which some feathers,
known as ala spuria, or bastard wing, are attached; the second
digit is the index, which bears the large feathers known as the pri-
maries or manuals, usnally ten in number. The primary feathers,
with the secondaries or cubitals, which are attached to the ulna,
form the large wing-quills, called remiges, which are used in flight.
anatomy The sternum, or breastbone, of birds is affected by their
powers of flight: those birds which are able to fly have a keel pro-
jecting from the sternum and serving as the basis of attachment of
the great pectoral muscles which move the wings. In birds that do
not fly the keel is absent or greatly reduced. The vertebral column is
completed in the tail region by a flat plate known as the pygostyle,
which forms a support for the rectrices, or steering tailfeathers.
The legs are composed of the femur, tibia and fibula, and the
bones of the foot; the feet usually have four toes, but in many cases
there are ouly three. In swimming birds the legs are placed well
back.

BIRD

Rifleman, short-tailed pygmy tyrant, frilled
coquette, bobwhite, tawny frogmouth, trembler,
wattle-eye, fuscous honeyeater, dickcissel, common
grackle, and forktailed drongo are all common names
for species of bird.

Other biosynthetic reactions produce cell constituents including
proteins and fats,

biotechnology industrial use of living organisms to manufacture
food, drugs, or other products. The brewing and baking industries
have long relied on the yeast microorganism for ¢fermentation pur-
poses, while the dairy industry employs a range of bacteria and
fungi to convert milk into cheeses and yoghurts. 0Enzymes,
whether oxlrdcted frum cells or produced artificially, are central to
most biotechnol lication:

Recent advances include Hgenetic engineering, in which single-
celled organisms with modified )DNA are used to produce insulin
and other drugs.

The uropygial gland on the pygostyle (bone in the tail) is an oil
gland used by birds in preening their feathers, as their skin con-
tains no sebaceous glands. The eyes have an upper and a lower
eyelid and a semi-transparent nictitating membrane with which
the bird can cover its eyes at will.

The vascular system contains warm blood, which is kept usual-
ly at a higher temperature (about 41°C/106°F) than that of mam-
mals; death from cold is rare unless the bird is starving or ill. The
aortic arch (main blood vessel leaving the heart) is on the right side
of a bird. whereas it is on the left in a mammal. The heart of a bird
of a right and a left half with four chambers.

In 1993 two-thirds of bi hnol were rat-
ing on human health developments, whllst only 1 in 10 were con-
cerned with applications for food and agriculture.

biotic factor organic variable affecting an ecosystem ~ for exam-
ple, the changing population of elephants and its effect on the
African savanna.

biotin or vitamin H vitamin of the B complex, found in many dif-
ferent kinds of food: egg yolk, liver, legumes, and yeast contain
large amounts. Biotin is essential to the metabolism of fats. Its
absence from the diet may lead to dermatitis.

birch any of a group of slender trees with small leaves and fine,
peeling bark. About 40 species are found in cool temperate parts of

The lungs are small and prolonged into air-sacs connected to a
number of air-spaces in the bones. These air-spaces are largest in
powerful fiers, but they are not so highly developed in young,
small, aquatic, and terrestrial birds. These air-spaces increase the
efficiency of the respiratory system and reduce the weight of the
bones. The lungs themselves are more efficient than those of mam-
mals; the air is circulated through a system of fine capillary tubes,
allowing continuous gas exchange to take place, whereas in mam-
mals the air comes to rest in blind air sacs.

The organ of voice is not the larynx, but usually the syrinx, a
peculiarity of this class formed at the bifurcation of the trachea
(windpipe) and the dulati are effected by movements of the
adjoining muscles.
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bird classification

 Struthioniformes ostrich 4

| Casuariifo rmes cassowary

&

Rhelformes rhea

—?\ Apterygiformes kiv;i“

Tinamiformes tinamou :

| Gaviiformes divér

Pod|c1ped|formes grebe ‘k

Procellariiformes petrel

/‘ Sphenlsmforme pengum

)
LCiconiiformes stork S

NS Y

— ']

\”——Eﬁ-; Charadriiformes plover

Pelecaniformes pelican

) Anseriformes goose

Galhformes pheagant

Colummformes pngeon ,l. >

Cuculiformes cuckoo

ﬁ Capnmulgllformes nightjar

Colnformes mousebird

—a

Psmamformes  parrot

Strigiformes owl |

7Apodif0rmes swift

Trogomformes trogon

/ Coracnformes kmgflsher

Passenformes starling

Passeriformes Iark

Piciformes woodpecker»

Passenformes thrush

bird This diagram shows a representative species from each of the 29 orders. There are nearly 8,500 species of birds, of which the largest is the
N African ostrich, reaching a height of 2.74 m/9 ft and weighing 156 kg/345 Ib. The smallest bird, the bee hummingbird of Cuba and the Isle of
Pines, measures 57 mmj/2.24 in in length and weighs a mere 1.6 g/0.056 oz.

digestion Digestion takes place in the oesophagus, stomach, and
intestines in a manner basically similar to mammals. The tongue
aids in feeding, and there is frequently a crop, a dilation of the
oesophagus, where food is stored and softened. The stomach is
small with little storage capacity and usually consists of the proven-
triculus, which secretes digestive juices, and the gizzard, which is
tough and muscular and grinds the food, sometimes with the aid of
grit and stones retained within it. Digestion is completed, and
absorption occurs, in the intestine and the digestive caeca. The
intestine ends in a cloaca through which both urine and faeces are
excreted.

nesting and eggs Typically eggs are brooded in a nest and, on
hatching, the young receive a period of parental care. The collec-
tion of nest material, nest building, and incubation may be carried
out by the male, female. or both. The cuckoo neither builds a nest
nor rears its own young. but places the eggs in the nest of another
bird and leaves the foster parents to care for them.

The study of birds is called dornithology.

bird louse parasitic biting louse, found mainly on birds, less fre-
quently on mammals. Bird lice are wingless ectoparasites (living on
the skin of their hosts), have biting mouthparts (as opposed to true
lice which have sucking mouthparts), and reduced eyes.
classification Bird lice are in the order Mallophaga, class Insecta,
phylum Arthropoda.

The chicken hody lonse Menacanthus stramineus is small, yel-
lowish, and about 2.8-3.3 mm/0.1-0.13 in long. The parasite feeds
on the skin debris and feathers of the chicken. A heavily infested
bird can carry over 8,000 lice on its body. The host appears to with-
stand the usnal degree of infestation without apparent ill-effects,
but heavy infestation can result in loss of plumage and a decline in
the bird's health.

bird of paradise one of 40 species of crowlike birds in the fam-
ily Paradiseidae, native to New Guinea and neighbouring islands.
Females are generally drably coloured, but the males have bright
and elaborate plumage used in courtship display. Hunted almost



BIRMAN

94

to extinction for their plumage, they are now subject to conserva-
tion.

They are smallish birds, extremely active, and have compressed
beaks, large toes, and strong feet. Their food consists chiefly of
fruits, seeds, and nectar, but it may also include insects and small
animals, such as worms. The Australian pbowerbirds are closely
related.

Birman or ‘sacred cat of Burma’ breed of domestic cat with

dium-length fur, possibly originating in the ples of Burma.
Similar to a pColourpoint Longhair or Himalayan cat, the Birman
has shorter hair, legs with a longer body. In Britain, the Blue-point
variety's fur is beige-gold with blue-grey points (dark face, tail, and
legs), with white paws; the US standard calls for bluish-white fur
and deep blue points. 1t has brilliant blue eyes. There are several
other varieties.

Birmans were recognized as a breed in France in 1925 and in
the USA in 1926.

birth act of producing live young from within the body of female
animals. Both viviparous and ovoviviparous animals give birth to
young. In viviparous animals, embryos obtain nourishment from
the mother via a Oplacenta or other means.

In ovoviviparous animals, fertilized eggs develop and hatch in
the oviduct of the mother and gain little or no nourishment from
maternal tissues. See also (pregnancy.

There's a time when you have to explain to your children why
they're born, and it's a marvelous thing if you know the reason
by then.

HazgL ScotT US entertainer.
Quoted in Ms. Nov 1974

birth control another name for (family planning; see also
pcontraceptive.

bisect to divide a line or angle into two equal parts.

bisector a line that bisects an angle or another line (known as a
perpendicular bisector when it bisects at right angles).

bismuth hard, brittle, pinkish-white, metallic element, symbol Bi,
atomic number 83, relative atomic mass 208.98. It has the highest
atomic number of all the stable elements (the elements from atom-
ic number 84 up are radioactive). Bismuth occurs in ores and occa-
sionally as a free metal (Onative metal). It is a poor conductor of
heat and electricity, and is used in alloys of low melting point and

vector font

in medical compounds to soothe gastric ulcers. The name comes
from the Latin besemutum, from the earlier German Wismut.

bison large, hoofed mammal of the bovine family. There are two
species, both brown. The European bison or wisent Bison bonasus,
of which only a few protected herds survive, is about 2 m/7 ft high
and weighs up to 1,100 kg/2,500 Ib. The North American bison
(often known as ‘buffalo’) Bison bison is slightly smaller, with a
heavier mane and more sloping hindquarters. Formerly roaming
the prairies in vast numbers, it was almost exterminated in the
19th century, but survives in protected areas. There were about
14,000 bison in North American reserves in 1994.

Crossed with domestic cattle, the latter has produced a hardy
hybrid, the ‘beefalo’, producing a lean carcass on an economical
grass diet.

bistable circuit or flip-flop simple electronic circuit that remains
in one of two stable states until it receives a pulse (logic 1 signal)
through one of its inputs, upon which it switches, or 'flips’, over to
the other state. Because it is a two-state device, it can be used to
store binary digits and is widely used in the pintegrated circuits
used to build computers.

bisulphate another term for phydrogen sulphate.

bit (contraction of binary digit) in computing, a single binary
digit, either 0 or 1. A bit is the smallest unit of data stored in a com-
puter; all other data must be coded into a pattern of individual bits.
A bbyte represents sufficient computer memory to store a single
Hcharacter of data, and nsually contains eight bits. For example, in
the Y)ASCH code system used by most microcomputers the capital
letter A would be stored in a single byte of memory as the bit pat-
tern 01000001.

The maximum number of bits that a computer can normally
process at once is called a word. Microcomputers are often
described according to how many bits of information they can han-
dle at once. For instance, the first microprocessor, the Intel 4004
(launched 1971), was a 4-bit device. In the 1970s several different
8-bit computers, many based on the Zilog Z80 or Rockwell 6502
processors, came into common use. In 1981, the 1BM Personal
Computer (PC} was introduced, nsing the Intel 8088 processor,
which combined a 16-bit processor with an 8-bit {data bus.
Business micros of the later 1980s began to use 32-bit processors
such as the Intel 80386 and Motorola 68030. Machines based on
the first 64-bit microprocessor appeared in 1993.

The higher the number of bits a p can process si
ously, the more powerful the computer is said to be. However, other
factors influence the overall speed of a computer system, such as the
delock rate of the processor and the amount of )RAM available.
Tasks that require a high processing speed include sorting a data-

bit-mapped font

bit map The difference in close-up between a bit-mapped and vector font. As separate sets of bit maps are required for each different type
size, scaleable vector graphics (outline) is the preferred medium for fonts.
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base or doing long, complex calculations in spreadsheets. A system
running slowly with a ¢graphical user interface may benefit more
from the addition of extra RAM than from a faster processor.

1o the PC industry, new hardware is most readily adopted whben
it is compatible with old software, which slows the adoption of new
software. For example, most people were still using Microsoft’s 16-
bit Windows 3 program with 16-bit applications in 1995-96, a
decade afier 32-bit processors like Intel's 80386 became widely
available. This was true even though 32-bit operating systems —
Unix, IBM's 08/2 and Microsoft's Windows NT - had been available
for some years.

bit map in computing. a patiern of ¢bits used to describe the
organization of data. Bit maps are used to store typefaces or graph-
ic images (bit-mapped or (raster graphics), with 1 representing
black (or a colour) and 0 white.

Bit maps may be used to store a typeface or ¢font, but a separate
set of bit maps is required for each typesize. A vector font, by con-
trast, can be held as one set of data and scaled as required. Bit-
mapped graphics are not recommended for images that require
scaling (compare ¢vector graphics - those stored in the form of geo-
metric formulas).

bit-mapped font ofont held in computer memory as sets of bit
maps.

Bitnet (acronym for Because It's Time Network) news pnetwork
developed in 1983 at the City University of New York, USA. Bitnet
operates as a collection of mailing lists using pListserv, which was
picked up by the rest of the Internet and is widely used, although
Bitnet itself is falling into disuse.

bit pad computer input device; see ographics tablet.

bits per second (bps} commonly used measure of the speed of
transmission of a ¢modem. In 1997 the fastest modems readily
available were rated at 33.600 bps. with two incompatible 56K sys-
tems also competing for sales. Modem speeds sbould conform to
standards, known as ¢V numbers, laid down by the {Comité
Consultatif International Téléphonique et Télégraphique (CCITT)
so that medems from different manufacturers can connect to each
other. Many modems transfer data much faster than their nominal
speeds via techniques such as ydata compression.

bitterling freshwater fish Rhodeus sericeus of Northero Europe,
introduced to North America. It grows to a length of 90 mm/3.5 in,
and has an attractive bluish stripe along eacbh side towards the tail.
It is found in lakes and slow-moving rivers.

Having selected a mate, the female bitterling deposits her eggs
inside a freshwater mussel via a long tube protruding from her
body, and the male then deposits his sperm into the mussel. The
eggs are nurtured safe from predators (and unharmed by the mus-
sel) within the mussel’s gills for two to three weeks before hatch-
ing and swimming away.

bittern any of several species of small herous, in particular the
common bittern Botaurus stellaris of Europe and Asia. It is shy.
stoutly built, buff-coloured, speckled with black and tawny brown,
with a long bill and a loud. booming call. Its habit of holding its neck
and bill in a vertical position conceals it among the reeds, where it
rests by day, hunting for frogs. reptiles, and fish towards nightfall.
An inhabitant of marshy country, it is now quite rare in Britain.

bittersweet alternative name for the woody nightshade plant.

bitumen impure mixture of hydrocarbons, including such
deposits as petroleum, asphalt, and natural gas, although some-
times the term is restricted to a soft kind of pitch resembling
asphalt.

Solid bitumen may have arisen as a residue from the evapora-
tion of petroleum. If evaporation took place from a pool or lake of
petroleum, the residue might form a pitch or asphalt lake, such as
Pitch Lake in Trinidad. Bitumen was used in ancient times as a
mortar, and by the Egyptians for embalming.

bivalent in biology. a name given to the pair of homologous chro-
mosomes during reduction division (Jmeiosis). In chemistry, the

term is sometimes used to describe an element or group with a
tvalency of two, although the term “divalent’ is more common.

bivalve marine or freshwater mollusc whose body is enclosed
betweeun two shells hinged together by a ligament on the dorsal
side of the body.

The shell is closed by strong ‘adductor’ muscles. Ventrally, a
retractile “foot’ can be put out to assist movement in mud or sand.
Two large platelike gills are used for breathing and also, with the
ocilia present on them. make a mechanism for collecting the small
particles of food on which bivalves depend. The bivalves form one
of the five classes of molluscs, the Lamellibranchiata, otherwise
known as Bivalvia or Pelvcypoda, containing about 8,000 species.

black beetle another name for $cockroach, although cockroach-
es belong to an entirely different order of insects (Dictyoptera) from
the beetles (Coleoptera).

blackberry prickly shrub, closely related to raspberries and dew-
berries. Native to northern parts of Europe, it produces pink or
white blossom and edible black compound fruits. (Rubus fruticosus.
family Rosaceae.)

blackbird bird Turdus merula of the thrush family, Muscicapidae,
order Passeriformes, about 25 cm/10 in long. The male is black
with a yellow bill and eyelids, the female dark brown with a dark
beak. It lays three to five blue-green eggs with brown spots in a
nest of grass and moss, plastered with mud, built in thickets or
creeper-clad trees. The blackbird feeds on fruit, seeds, worms,
grubs, and snails. Its song is rich and flutelike.

Found across Europe, Asia, and North Africa, the blackbird
adapts well to human presence and gardens, and is one of the most
common Britisb birds. North American ‘blackbirds’ belong to a dif-
ferent family of birds. the Icteridae.

black body in pbysics. a hypothetical object that completely
absorbs all electromagnetic radiation striking it. It is also a perfect
emitter of thermal radiation.

Although a black bedy is hypothetical. a practical approximation
can be made by using a small hole in the wall of a constant-tem-
perature enclosure. The radiation emitted by a black body is of all
wavelengths, but with maximum radiation at a particular wave-
length that depends on the body's temperature. As the temperature
increases, the wavelength of maximum intensity becomes shorter
(see dWien's displacement law). The total energy emitted at all
wavelengths is proportional to the fourth power of the temperature
(see pStefan-Boltzmann law). Attempts to explain these facts failed
until the development of Oquantum theory in 1900.

black box popular name for the unit containing an aeroplane’s
flight and voice recorders. These monitor the plane’'s behaviour
and the crew’s counversation, thus providing valuable clues to the
cause of a disaster. The box is nearly indestructible and usually
painted orange for easy recovery. The name also refers to any com-
pact electronic device that can be quickly connected or disconnect-
ed as a unit.

The maritime equivalent is the voyage recorder, installed in
ships from 1989. It bas 350 sensors to record the performance of
engines, pumps, navigation lights. alarms, radar, and hull stress.

blackbuck antelope Antilope cervicapra found in central and NW
India. 1t is related to the gazelle, from which it differs in having spi-
rally-twisted borns. The male is black above and white beneath,
whereas the female and young are fawn-coloured above.

It is about 76 cm/2.5 ft in height.

blackcap ¢warbler Sylria atricapilla, family Muscicapidae, order
Passeriformes. The male has a black cap, the female a reddish-
brown one. The geoeral colour of the bird is an ashen-grey, turn-
ing to an olive-brown above and pale or whitish-grey below. About
14 em/5.5 in long, the blackcap likes wooded areas, and is a sum-
mer visitor to N Europe, wintering in Africa.

blackcock or heathcock large grouse Lyrurus tetrix found on
moors and in open woods in N Europe and Asia. The male is main-
ly black with a lyre-shaped tail, and grows up to 54 cm/1.7 ft in
height. The female is speckled brown and ouly 40 cmv/1.3 ft tall.
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Their food consists of buds, young shoots, berries, and insects.
Blackcocks are polygamous, and in the spring males attract
females by curious crowings. In males a piece of bright red skin
above the eyes also becomes more intense during the pairing sea-
son.
They are related to the quail, pariridge, and capercaillie, in the
order Galliformes.

blackcurrant variety of currant.

Black Death great epid of bub 1 that ravaged
Europe in the mid-14th century, killing between one-third and half
of the population (about 75 million people). The cause of the plague
was the bacterium Yersinia pestis, transmitied by fleas borne by
migrating Asian black rats. The name Black Death was first used
in England in the early 19th century.

black earth exceedingly fertile soil that covers a belt of land in NE
North America, Europe, and Asia.

In Europe and Asia it extends from Bohemia through Hungary,
Romania, S Russia, and Siberia, as far as Manchuria, having been
depeosited when the great inland ice sheets melted at the close of
the last dice age. In North America, it extends from the Great Lakes
east through New York State, having been deposited when the last
glaciers melted and retreated from the terminal moraine.

blackfly plant-sucking insect, a type of daphid.

blackfly small but stoutly built blood-sucking flies with short anten-
nae. Blackflies have broad wings with all the obvious veins in the
anterior part of the wing. The family is widely distributed, the adults
often occurring in such large numbers as to make them a nuisance.
They are most abundant in north temperate and subarctic regions.
classification Blackflies are in family Simuliidae, order Diptera,
class Insecta, phylum Arthropoda.

There are six larval stages that are found in running water,
including cascades and waterfalls; they have a well capsulated
head, a solitary thoracic proleg and a posterior sucker composed of
small hooks by which they anchor themselves against the current.
They are found on stones, reeds, mayfly larvae, and other aquatic
forms. The pupae usually rest in a tent of silk in similar sitnations
to the larvae.

Simulium species are the vectors of jonchocerciasis in Central
and South America, Africa, and the Yemen. They also transmit
other filarial worms to cattle and to ducks. Blackflies are vectors of
a large number of avian malarias to many birds including domes-
tic stock, turkeys, ducks, and geese in North America and Canada.
In addition, number of blackflies attacking livestock can be so
great, and the attacks so fierce, as to kill the livestock, and human
deaths have also occurred.

black hole object in space whose gravity is so great that nothing
can escape from it, not even light. Thought to form when massive
stars shrink at the end of their lives, a black hole sucks in more
matter, including other stars, from the space around it. Matter that
falls into a black hole is squeezed to infinite density at the centre of
the hole. Black holes can be detected because gas falling towards
them becomes so hot that it emits X-rays.

Black boles containing the mass of millions of stars are thought
to lie at the centres of Oquasars. Satellites have detected X-rays
from a number of objects that may be black holes, but ouly four
likely black holes in our Galaxy had been identified by 1994.

blacksnake any of several species of snake. The blacksnake

black widew The term ‘black widow’ covers a number of different
species of Latrodectus spiders including L. mactans, the southern
black widow from the New World. The name derives from the
generally held belief that the female spider invariably eats the male
after mating. Recent observations indicate that this may be the case
in only a few species. Premaphotos Wildlife

first woman to be recognized as a qualified physician in the UK in
1869.

black widow North American spider Latrodectus mactans. The
male is small and harmless, but the female is 1.3 ¢em/0.5 in long
with a red patch below the abdomen and a powerful venomous
bite. The bite causes pain and fever in human victims, but they usu-
ally recover.

bladder hollow elastic-walled organ which stores the urine pro-
duced in the kidneys. 1t is present in the ¢urinary systems of some
fishes, most amphibians, some reptiles, and all mammals. Urine
enters the bladder through two ureters, one leading from eacb kid-
ney, and leaves it through the urethra.

bladderwort any of a large group of carnivorous aquatic plants.
They have leaves with bladders (hollow sacs) that trap small ani-
mals living in the water. (Genus Utricularia, family
Lentibulariaceae.)

blast freezing industrial method of freezing substances such as
foods by blowing very cold air over them.

blast furnace smelting furnace used to extract metals from their
ores, chiefly pig iron from iron ore. The temperature is raised by
the injection of an air blast.

In the extraction of iron the ingredients of the furnace are iron
ore, coke (carbon), and limestone. The coke is the fuel and provides
the carbon monoxide for the reduction of the iron ore; the lime-
stone acts as a flux, removing impurities.

blastocyst in mammals, the hollow ball of cells which is an early
stage in the development of the embryo, roughly equivalent to the
Dblastula of other animal groups.

blastomere in biology, a cell formed in the first stages of embry-

Pseudechis porphyriacus is a venomous snake of the cobra family
found in damp forests and swamps in E Australia. The blacksnake,
Coluber constrictor from the eastern USA, is a relative of the
European grass snake, growing up to 1.2 m/4 ft long, and without
venom.

blackthorn densely branched spiny European bush. 1t produces
white blossom on bare black branches in early spring. Its sour
plumlike blue-black fruit, the sloe, is used to make sloe gin.
(Prunus spinosa, family Rosaceae.}

Blackwell, Elizabeth (1821-1910) English-born US physician,
the first woman to qualify in medicine in the USA in 1849, and the

onic develop after the splitting of tbe fertilized ovum, but
before the formation of the pblastula or blastocyst.

blastula early stage in the development of a fertilized egg, when
the egg changes from a solid mass of cells (the morula) to a hollew
ball of cells (the blastula), containing a fluid-filled cavity (the blas-
tocoel). See also pembryology.

bleaching decolorization of coloured materials. The two main
types of bleaching agent are the oxidizing bleaches, which bring
about the poxidation of pigments and include the ultraviolet rays in
sunshine, hydrogen peroxide, and chlorine in honsehold bleaches,
and the reducing bleaches, which bring abont ¢reduction and
include sulphur dioxide.
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firebrick lining

iron ore,
coke, and
limestone

loading
skip 1,900°C
hot air
(850°C)

——

molten iron out

waste gases
(mainly nitrogen,
carbon monoxide,
and carbon dioxide)

air heater

blast furnace The blast furnace is used to extract iron from a mixture of iron ore, coke, and limestone. The less dense impurities float above
the molten iron and are tapped off as slag. The moiten iron sinks to the bottom of the furnace and is tapped off into moulds referred to as

pigs. The iron extracted this way is also known as pig iron.

blenny Blennies are normally found in coastal rockpools. However,
the E African species Omabranchus striatus, seen here, spends much
of its time out of water, in groups on rocks beside the pool, ready to
flip quickly into the water when danger threatens. Premaphotos
wildlife

Bleaching processes have been known from antiquity, mainly
those acting through sunlight. Both natural and synthetic pigments
usually possess highly complex molecules, the colour property
often being due only to a part of the molecule. Bleaches usually
attack only that small part, yielding another substance similar in
chemical structure but colourless.

bleak freshwater fish Alburnus alburnus of the carp family. It is
up to to 20 cmv8 in long. and lives in still or slow-running clear
water in Britain and Europe.

In Eastern Europe its scales are used in the preparation of arti-
ficial pearls.

bleeding loss of blood from the circulation; see thaemorrhage.

blenny any fish of the family Blenniidze. mostly small fish found
near rocky shores, with elongated slimy bodies tapering from head
to tail, no scales, and long pelvic fins set far forward.

blesbok African antelope Damaliscus albifrons, about 1 m/3 ft
high, with curved horns, brownish body. and a white blaze on the
face. It was seriously depleted in the wild at the end of the 19th
century. A few protected herds survive in South Africa. It is farmed
for meat.

blesbok Blesbok antelopes, which live on the African savanna, are
now scarce. Blesbok males are highly territorial and spend a great
deal of time standing near a central dung-heap, attracting fe !

to their harem and driving off rival males. Premaphotos Wildlife
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blight any of a number of plant diseases caused mainly by para-
sitic species of ¢fungus, which produce a whitish appearance on
leaf and stem surfaces; for example, potato blight Phytophthora
infestans. General damage caused by aphids or pollution is some-
times known as blight.

In 1998 a new virulent strain of P, infestans, US-8, was decimat-
ing potato and tomato crops throughout the US and eastern
Canada, proving to be resistant to previously effective fung'icides.

blind carbon copy e-mail ge sent to multipl

who do not know each other’s identities. The facility for blmd car-
bon copies is built into some e-mail software, and is useful in elim-
inating long lists of recipients which clutter up a mass-distribntion
message; it also protects the confidentiality of a particular user’s
contact list.

blindness complete absence or impairment of sight. It may be
caused by heredity, accident, disease. or deterioration with age.

Age-related macular degeneration (AMD), the commonest form
of blindness, occurs as the retina gradually deteriorates with age.
It affects 1% of people over the age of 70, with many more experi-
encing ma.rked reduction in sight.

Retinitis p cause of hlind!
itary disease affecting 1. 2 million people worldwide.

Education of the blind was begun by Valentin Haiiy. who pub-
lished a book with raised lettering in 1784, and founded a school.
Aids to the blind include the use of the Braille and Moon alphabets
in reading and writing. Guide dogs for the blind were first trained
in Germany for soldiers blinded in World War L.

is a hered-

Science without religion is lame. Religion without science is
blind.

ALBERT EnsTENN German-born US scientist.
Quated in A Pais ‘Subtle is the Lord...":
The Science and the Life of Albert Einstein 1982

blind signature encryption technique that authenticates a mes-
sage without revealing any information about the sender. Blind sig-
natures are one element in the attempt to develop technology that
protects individual privacy as more and more transactions take
place over public networks where users’ activities can be tracked.

blind spot area where the optic nerve and blood vessels pass
through the retina of the $eye. No visual image can be formed as
there are no light-sensitive cells in this part of the retina.

Thus the organism is blind to objects that fal! in this part of the
visual field.

blindworm another name for a gslow-worm.

blink in communications. to ¢log on using an offline reader or
other software that uses automated (scripts. Blinking saves on
communications and telephone charges, but it changes the nature
of online interaction because users cannot use chat facilities.
Blinking also encourages repetition, since users replying off-line
are unlikely to realize they are echoing each others’

they are called, seem to be related to {quasars and are thought to
be the brilliant nuclei of elliptical galaxies. They are so named
because the first to be discovered lies in the small constellation
Lacerta.

BLOB in computing, contraction of 9binary large object.

block in computing, a group of records treated as a complete unit
for transfer to or from ¢backing storage. For example. many disc
drives transfer data in 512-byte blocks.

block and tackle type of gpulley.

blocking software any of various software programs that work
on the World Wide Web to block access to categories of information
considered offensive or dangerous. Typically used by pareats or
teachers to ensure that children do not see pornagraphic or other
adult material, some blocking products additionally allow the
blocking of personal information snch as home addresses and tele-
phone numbers; some people regard this as censorship.

Blocking software became even more controversial in mid-1996
when Washington DC-based reporters Brock Meeks and Declan
McCullagh revealed that the list of banned sites in some popular
products included political material and that some sites were
blocked indiscriminately.

Popular blocking software products include Net Nanny,
SurfWatch, CyberPatrol, and CyberSitter.

blood fluid circulating in the arteries, veins, and capillaries of
vertebrate animals; the term also refers to the corresponding fluid
in those invertebrates that possess a closed dcirculatory system.
Blood carries nutrients and oxygen to each body cell and removes
waste products, such as carbon dioxide. It is also important in the
immune response and, in many animals, in the distribution of heat
throughout the body.

In humans blood makes up 5% of the body weight, occupying a
volume of 5.5 V10 pt in the average adult. It is composed of a
colourless, transparent liquid called plasma, in which are sus-
pended microscopic cells of three main varieties:

Red cells {erythrocytes) form nearly half the volume of the
blood, with about 6 million red cells in every millilitre of an adult's
blood. Their red colour is caused by dhaemoglobin.

‘White cells (Ieucocytes) are of various kinds. Some (phagocytes)
ingest invading bacteria and so protect the body from disease:
these also help to repair injured tissues. Others (lymphocytes) pro-
duce antibodies, which help provide immunity.

Blood platelets (thrombocytes) assist in the clotting of blood.

Blood cells constantly wear out and die and are replaced from
the bone marrow. Red blood cells die at the rate of 200 billion per
day but the body produces new cells at an average rate of 9,000
million per hour.

To remember the functions of the blood:
OLD CHARLIE FOSTER HATES WOMEN HAVING DULL CLOTHES.

OXYGEN (TRANSPORT) / CARBON DIOXIDE (TRANSPORT) / FOOD /
MEAT / WASTE / HORMONES / DISEASE / CLOTTING

On Americal OnLine, a blink is called a flashsession.

blister beetle or oil beetle any of a small group of medium sized
(3-20 mm/0.1-0.8 in) often brightly coloured beetles. Most give off
an evil-smelling liquid, containing the irritant cantharidin, from the
joints of their legs as a defence mechanism. When in contact with
human skin. the liquid causes inflammation and blisters.
classification Blister beetles are members of the family Meloidae,
order Coleoptera, class Insecta, phylum Arthropoda.

The general characteristics of the group include: head strongly
bent downwards, narrow neck, and cylindrical and fairly soft body.

The Spanish fly Lytte resicatoria was used to produce can-
tharidin for medicinal purposes, when blistering was a common
medical treatment.

BL Lacertae object starlike object that forms the centre of a dis-
tant galaxy, with a prodigious energy output. BL Lac objects, as

blood clotting complex series of events (known as the blood clot-
ting de) that prevents e» bleeding after injury. It is trig-
gered by ovitamin K. The result is the formation of a meshwork of
protein fibres (fibrin) and trapped blood cells over the cut blood
vessels.

When platelets (cell fragments} in the bloodstream come into
contact with a damaged blood vessel, they and the vessel wall itself
release the enzyme thrombokinase, which brings about the con-
version of the inactive enzyme prothrombin into the active throm-
bin. Thrombin in turn catalyses the conversion of the soluble pro-
tein fibrinogen, present in blood plasma, to the insoluble fibrin.
This fibrous protein forms a net over the wound that traps red
blood cells and seals the wound; the resulting jellylike clot hardens
on exposure to air to form a scab. Calcium, vitamin K. and a vari-
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ety of enzymes called factors are also necessary for efficient blood
clotting. pHaemophilia is one of several diseases in which the clot-
ting mechanism is impaired.

blood group any of the types into which blood is classified
according to the presence or otherwise of certain Hantigens on the
surface of its red cells. Red blood cells of one individual may carry
molecules ou their surface that act as antigens in another individ-
ual whose red blood cells lack these molecules. The two main anti-
gens are designated A and B. These give rise to four blood groups:
having A only (A), having B only (B), having both (AB), and having
neither (0). Each of these groups may or may not contain the
prhesus factor. Correct typing of blood groups is vital in transfu-
sion, since incompatible types of donor and recipient blood will
result in coagulation, with possible death of the recipient.

The ABO system was first described by Austrian scientist Karl
Land in 1902. Sub research revealed at least 14 main
types of blood group systems, 11 of which are involved with induced
Hantibody production. Blood typing is also of importance in forensic
medicine, cases of disputed paternity, and in anthropological studies.

bloodhound breed of dog that originated as a hunting dog in
Belgium in the Middle Ages. Black and tan in colour, it has long,
pendulous ears and distinctive wrinkled head and face. It grows to
a height of about 65 cm/26 in. Its excellent powers of scent have
been employed in tracking and criminal detection from very early
times.

blood poisoning presence in the bloodstream of quantities of
bacteria or bacterial toxins sufficient to cause serions illness.

blood pressure pressure, or tension, of the blood against the
inner walls of blood vessels, especially the arteries, due to the mus-
cular pumping activity of the heart. Abnormally high bloaod pres-
sure (phypertension) may be associated with various conditions or
arise with no obvious cause; abnormally low blood pressure
(hypotension) occurs in pshock and after excessive fluid or blood
loss from any canse.

In mammals, the left ventricle of the pheart pumps blood into the
arterial system. This pumping is assisted by waves of muscular
contraction by the arteries themselves, but resisted by the elastici-
ty of the inner and outer walls of the same arteries. Pressure is
greatest when the heart ventricle contracts (systole) and lowest
when the ventricle relaxes (diastole), and pressure is salely main-
tained by the elasticity of the arteries. Blood pressure is measured
in millimetres of mercury (the height of a column on the measur-
ing instrument, a sphygmomanometer). Normal human blood pres-
sure varies with age, but in a young healthy adult it is around
120/80 mm Hg; the first number represents the systolic pressure
and the second the diastolic. Large deviations from this reading
usually indicate ill health.

blood test laboratory evaluation of a blood sample. There are
numerous blood tests, from simple typing to establish the phlood
group to sophisticated biochemical assays of substances, such as
hormanes, present in the blood only in minute quantities.

The majority of tests fall into one of three categories: haematol-
ogy (testing the state of the blood itself), microbiology (identifying
infection), and blood chemistry (reflecting chemical events else-
where in the body). Before operations, a common test is haemoglo-
bin estimation to determine how well a patient might tolerate blood
loss during surgery.

blood transfusion see ptransfusion.

blood vessel tube that conducts blood either away from or
towards the heart in multicellular animals. Freshly oxygenated
blood is carried in the arteries - major vessels which give way to
the arterioles (small arteries) and finally capillaries; deoxygenated
blood is returned to the heart by way of capillaries, then venules
(small veins) and veins.

bloodworm larvae of the ymidge. They are red because their
blood plasma contains haemoglobin like human blood, which
increases its ability to take up oxygen. This is of value to the lar-
vae, which commonly burrow in the oxygen-poor mud hottom of
pools and rivers. They feed on algae and detritus.

Bloodworms are long, with a distinct head, and segmentation of
the ahdomen. Prolegs (leglike projections) are found on the first
thoracic and last abdominal segments. Gills are present on the last
abdominal segment, and often on the segment preceding it. On
average they measure 6 mm/0.2 in in len