


Futurists predict that information, data, and

knowledge management will be the leading -
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majority of current and future trends in

KEY FEATURES chemistry, physics, engineering, computer

. s : : i rth sci and materials sci el
* The definitive source of information in physical science, | Science, parth science, and materisls scisnice
now available in a new Third Edition as well as the latest information from dynamic,

. g interfaci nvironmental science,
“An awesome work of scholarship . . . a landmark of specialized BEstRsiaiess ub environmentehsoRte

publishing” — Chicago Tribune (Review of 1st Edition) biotechnology, and biomedicine.

¢ 18-volume set with topics arranged A-to-Z for easy
reference, including separate Index volume

October 2001, Casebound, 18-Volume Set

ISBN: 0-12-227410-5

Introductory Price: $2,900.00 (USA), £1,935.00 (UK)
List Price: $3,750.00 (USA), £2,500.00 (
Introductory price expires three months after publication.

¢ Approximately 14,000 pages of text supported by thousands
of photos, illustrations, and tables
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¢ Distinguished Editorial Board composed of internationally
renowned scientists including eight Nobel Laureates

e Articles written by prominent authors from leading institutions
around the world.

* Topics provide coverage of 17 general subject areas,
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PREPUBLICATION PRAISE FOR THE THIRD EDITION

“The new edition of the Encyclopedia reflects the dynamics and rapid changes in science and technology.

The last century was characterized by the success of quantum mechanics, the new millennium opens the door
for an understanding of systems at the atomic level which bridges the fields of physics, chemistry, and biology.
The Encyclopedia is a good basis for everyone interested in modern science.”

—KLAUS V. KLITZING, MAX PLANCK INSTITUTE FOR SOLID STATE RESEARCH AND NOBEL LAUREATE IN PHYSICS

“The new Third Edition of the Encyclopedia of Physical Science and Technology is a welcome sight. In an age when
many feel they can find everything they need on the world wide web, it is especially important to demonstrate the
importance and value of definitive articles written by experts that can serve as a useful starting point to topics in
science and technology not only for experienced scientists and engineers, but also for students and nonexperts.”

—ALLEN BARD, PROFESSOR OF CHEMISTRY, UNIVERSITY OF TEXAS AT AUSTIN




stry, Harvard University :
|Chemistry, Max Planck Institute for Chemistry, G rma‘ﬁ’j_.
emistry, Medical Research Council, l* ‘
emistry, Academica Sinica, Taiwan ;
! nistry, University of Southern California
ysics, Columbia University

gy and Medicine, Massachusetts Institute of Technolog

YUANT. LEE

Academica Sinica, Taiwan

BENOIT B. MANDELBROT
Yale University, U.S.A.

GEORGE OLAH
University of Southern California, U.S.A.

" MELVIN SCHWARTZ
Columbia University, U.S.A.

FREDERICK SEITZ
The Rockefeller University, U.S.A.

LIP A. SHARP

lashington, D.C., U.S.A.

earch, India




University of lllin
Circuit Theon

ROBERT ¢
U.S. Geologi

RIE A, GREGORY
ton Polytechnic, U.K.

Instrumentation and Sp
Applications for Electroni




Cross references
lead to other
topics of related
interest

Aster oid Impacts and Extinctions

I. Multispectral imager fitted with a charge-coupled de-
vice (CCD) imaging detector capable of photograph-
ing details on the asteroid as small as 3mor |
diameter; it will determine the overall gaefhape, and
spin of Eros and map the surfiyg rphology and
mineralogy.
X-ray/gamma-g

fdances of several dozen important ele-

ectrometer, which will measure

% at and near the surface of the asteroid.

Laser rangefinder, which will determine the distance
from the spacecraft to Eros and thus make possible the
construction of a global shupe model and a global
topographic map with high resolution.

4. Magnetometer 10 measure the strength of Erosmag-
netic field with implications about its thermal and ge-
ologic history.

5. Radio science experiment 10 determine the mass den-

sity and mass distribution of the asteroid.

The best procedure for addressing the impact on Earth
of an asteroid or comet will depend on finding the answers
to some of our guestions.

Many asteraids and comets have the potential for either
penefiting or destroying mankind. Impact and extinction
are both natural and fundamental processes on our Earth,
but the possibility of altering the direction of these

Processes remains.

ALSO SEE THE FOLLOWING ARTICLES

Cometary Physics » Impact Cratering + Meteorites, Cos-
mic Ray Record « Planetary Geology « Primitive Solar
System Objects; Asteroids and Comets
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duced by the bacterial decompe
and used as a fuel. )
ass Amount of living matter, inc
mals, and nricrobes.
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Internal headings lead
the reader to subtopics
within the larger theme

of the article

Article text meets the
most rigorous standards of
scientific accuracy, yet is
written so as to be accessible

to a general readership

Asteroid lipacs wnd Bxtincions

FIGURES The Shoemaker ( Teague Ring) impact structure is possibly the oldest known
with an apparent age of 1630 Ma, This 30-km-diameter structure is prominent from orbiti

can be seen in the 30-km Shoemaker () Teague) structure

of Proterozoic age in Australia, shown in Fig. 9.

This sequence is eraded away from most old structures
and is entirely eroded away from the most ancient. The
result is 4 shallower crater. which is broader by a factor

af st A0 vor the deen, riginal hol Thic ic th

Each entry

provides comprehensive,

in-depth treatment of an

rview topic
Asteroid Intpacts and Extincrions ove P

Hl. CRATERING

AL Craters resulting from impact on all of the
al planets as well as the moons of the gaseous gi-
have been reveated by a number of planetary space-
craft missions, manned and unmanned. Indeed, these mis-
sions have provided images of impact craters on asteroids.,
The same fack of atmosphere as on the Moon pertaing
the terrestrial planets and their moons and has allowed
-tosee asimilar record of bombardment there. Planetary
apact craters provide us with 2 record to do relative age
dating of surfaces, which exhibit different crater densities
for different ages. It is Possible to kriow how old tand sur-
faces re in years by learning the impact rate on a surface
per year. Crater ages that can be measured on Earth can
be extrapolated to the planets, if we know how the im-
pactrate for comets and asteroids varies among the Earth,
Moon, and planets. Coupled with radiometric dating of
returned samples, craters aflow us to estimate the flux of
objects impacting over geologic time, especially on the
Moon and the Barh,

A. Cratering Fiux with Time

Satellites, built for the military in order to detect missile
launches and nuctear explosions, have been able to detect
frequent, high, fast explosiongfrom smalt asteroids hitting
the upper atmosphere of, Earth almost monthly. If 4
profectile is large e it can survive passage through
Cre more or less intact and strike the

. high speed.
‘¢ the possibility of impact, it is nee-
W asteroids and comets of varying
their orbits, to know the collision
110 know how many craters have
sand rates have been determined for
-sults of sky surveys: astudy of impact
~vse neighbor, the Moon; and from a search
wwady of craters found on Earth, While variations in
this flux may be expected on theoretical grounds, there is
an excellent agreement of the predicted cratering rate and
the geologic record. Explosions the size of Tunguska may
oceur every few hundred years and cause Jocal disasters
Or generate tidal waves, inundating low-lying coastal re-
gions; impacts of 20 megatons energy, the size of Meteor
Crater, Arizona, happen about every 50.000 vears. Aster-
oid impact should create about three craters at least 10km
across on Earth’s land surfaces every million years, and 3.5
craters greater than 20 km in diameter should be produced
per million square kilometers per billion years. A 10- 1o
15-km impactor, such as the one making the Chicxulub
crater, should strike every 10 million years or $0. The

7

frequency ofimpact occurrence has varied throughout ge-
ological time, from the early heavy bombardment w0 the
late heavy bombardment, and the effects of impact on
Earth evolution have varied also. These evenrs oceur on
human time-scales and can be ignored today only to the
peril of the human race,

B. Recognition of Craters

The only place where one can examine the cratering rate
for early Earth history is in Australia, but one can ook at
a global distribution of craters by examining 4 large area
of the Barth as shown in Fig, 7.

Many craters and structures have heen recognized on
the basis of s ock-induced metamorphism and structural
form, The initial result of impact is a crater, which disap-
pears on Earth with time, tectonism, and erosion, The most
common meteorites are stones, but they tend o break up
in the atmosphere: the threshold size for their survival to
Earthisabout 130 m and those arriv g as stony-irons ~
tend to disappear from any Crater as the environmp
its toll, Most of the very small craters on Earth v
by iron meteorites, which are the only small o
enough to survive passage through the atmo
make a crater. An iron asteroid about 4050 m i
survived passage about 50000 years ago to form M, 3
Crater, Arizona, It made a crater 1.2 km in diameter and
200 mi deep. The Wabar Craters, one of which s por-
trayed in Fig. 8, are found in the Empty Quarter of Saud;
Arabia and are unique for having been made entirely in
high, shi fing sand dunes with o bedrock exposed, Strong
desert winds regularly cover and uncover them over the
years. The record of impact over time mainly consists of
craters or impact structures about 3 km in diameter or
larger. 201 1 is 4 good ratio for estimati
on our planet, because ki
of velocity. Thus. a stony body about 150 across would
form a 3-km-diameter crater.

The mechanics for 3 farge crater start out the same: An
object hits the Earth g interstellar speeds (20 km/sec for
an asteroid, 30 km/sec for g comet), forming two shock
Waves. one in front and one behind, one that £0es into the
target rock and one thag BO®S into the impactor. The first
travels down through the host rock, pushing it down and
out; the second interacts with the it, vaporize,

by large im-
pactors releasing more energy, the walls of the crager are
pushed up and out 1o form 4 transient cavity. A crater larger
than 3 km in soft, sedimentary rocks or larger than about
4 km in hard crystalline rocks will collapse immediaxefx
As the walls slump in, shallow haped faults called lispric

faudts and diagnostic of impact develop where the layers
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Articles provide a
balanced, scholarly view
of the topic, based on

current research

;; / found several of the

articles not only informative
and interesting, but done on
a scholarly level that served

as an outstanding
introduction to the field.

—DANIEL BERG, PRESIDENT,
RENSSELAER POLYTECHNIC INSTITUTE
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Airplanes, Light

Aireraft Aerudynamic Boundary Layers: Aircraft Avionics; Aircraft Per-
formance and Design: Aircraft Speed and Altitude; Flight (Aerodynam-
ics)

Algebra, Abstract
Algebraic Geometry; Boolean Algebra; Group Theory; Mathematical
Logic; Set Theory: Topologys General

Algebraic Geometry
Abstract Algebra: Boolean Algebra; Calculus

Alkaloids

Atomic Spectrometry; Heterocyelic Cheristry; Microscopy (Chemistry);
Organic Chemistry, Compound Detection; Organic Chemistry, Synthesis;
Pharmaceuticals; X-Ray Analysis

']
Aluminum
Electrochemical Engineering: Electrochemistry: Metal Forming; Metal-
p lurgy, Mechanical; Mineralogy and {nstrumentation; Mining Engineer-
ing; Tin and Tin Alloys
Analog Electrical Filters
Analog Signal Electronic Circuits: Circuit Theorys Digital Filters; Digital
Electronic Circuits
Analog-Signal Electronic Circuits
\ Analog Electrical Filters; Circuit Theory: Digital Filters: Digital Elec-
tronic Circuits
Analytical Chemistry
- Atomic Speetrometry’ Chromatography: Distillation; Electrochemistry:
Elemental Analysis. Organic Compounds: Gas Chromatography? Infrared
Spectroscopy; Liquid Chromatography: Mass Spectrometrys Nuclear
Magnetic Resonance: Organic Chemistry, Compound Detection; Raman
ol Spectroscopy
Appruximations and Expansions
Fractals; Kalman Filters and Nonlinear Filters; Numerical Analysis; Per-
~ 2
el colation; Wavelets, Advanced
Artificial Intelligence
== Artificial Neural Networks; Cognitive Science: Cybernetics and Second
- Order Cybernetics: Digital Speech Processing: Fuzzy Logic and Fuzzy

Systems; Game Theory; Intelligent Control; Humanoid Robots: Robotics,
Hybrid Systems for

Artificial Neural Networks
Artificial Intelligences Computer Networks; Evolutionary Algorith!
and Metaheuristics

Asteroid Impacts and Extinctions
Cometary Physics: Tmpact Cratering: Meteorites, Cosmic Ray Recot
Planetary Geology: Primitive Solar System Objects: Asteroids ano
Comets

Astrochemistry

Cosmic Radiation: Galactic Structure and Evolution: Infrared Astron-
omy; Interstellar Matter; Planetary Atmospheres; Quantum Chemistry;
Galactic Structure and Evolution: Surface Chemistry: Ultraviolet Space
Astronomy

Atmospheric Diffusion Modeling
Aerosols; Atmospheric Turbulence : Climatology: Meteorology, Dy~
namic; Pollution. Air; Pollution Control

Atmospheric Turbulence
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Relational Index

mics; Pol-

Atmospheric Diffusion Modeling: Cloud Physics: Fluid Dyna
{ution, Air; ‘Wave Phenomena

Atomic and Molecular Collisions
Atomic Physics; Collision-Induced Spectroscopy: Potential Energy Sur-
faces; Scattering and Recoiling Spectrometry

Atomic Physics
Atomic Spectrometry: Co“'xsion-lnduced Spectroscopys Nuclear Physics:
Quantum Mechanies: Quantum Optics: Quantum Theory

Atomic Spectrometry
Analytical Chemistry; Atomic Physics: Mass Spectrometry

Auger Electron Spectroscopy

Embrittement, Engineering Alloys: Infrared Spectroscopy: Photoa-
coustic Spectroscopys Raman Spectroscopys Surface Chemistry: X-Ray
Photoelectron Spectroscopy

Aurora
Geomagnetismi Tonosphere; Solar Physics: Solar System, Magnetic and
Electric Fields

Automobile Technology
Automotive Control Systems; Electric and Hybrid Vehicles; Internal
Combustion Engines

Automotive Control Systems
Automobile Technology: Electric and Hybrid Vehicles; Internal-Combus-
{jon Engines; Process Control Systems: Sensors for Control; Transporta-
tion Applications for Fuel Cells

:I'he Relational Index lists each
.artlcle title in the Encyclopedia along
with a group of other titles that connect in
some way to that article. This allows the
reader to consult a series of articles in
succession to obtain a broad view of a

certain issue or topic.

Absorption (Chemical Engineering)

Adsorption (Chemical Engineering): Chemical Thermodynamics; Elec-
trolyte Solutions, Thermodynamics; Kinetics (Chemistry): Nonelec-
trolyte Solutions. Thermodynamics

Accelerator Physics and Engineering

Charged-Particle Optics; CP (Charge Conjugation Parity) Violation:
Heavy lons (High Energy Physics); Lasers, Free Electron; X-Ray, Syn-
chrotron and Neutron Diffraction

Acetylene
Catalysis, Industrial; Pharmaceuticals; Physical Organic Chemistry

Acoustical Measurement

Acoustic Chaos; Acoustics, Linear; Acoustic Wave Devices: Analog Sig-
nal Electronic Circuits; Signal Processing, ACOUSHiC: Ultrasonics and
Acoustics; Underwater Acoustics

Acoustic Chaos
Acoustical Measurement; Chaos; Fourier Series; Fractals; Quantum Me-
chanics

Acoustics, Linear
Acoustical Measurement: Acoustic Chaos; Acoustic Wave Devices: Sig-
nal Processing, Acoustics Wave Phenomena

Acoustic Wave Devices

Acoustical Measurement: Acoustics, Linear; Crys 1 Growth; Crystallog-
raphy 3 Signal Processing, Acoustic: Signal Processing, General: Ultra-
sonics and Acoustics: Wave Phenomena

Acousto-Optics

Acoustic Wave Devices: Holography: Optical Diffraction; Optical Fiber
Communication: Optical Information Processing: Signal Processing,
Acoustic; Signal Processing, General

Actinide Elements
Crystallography: Nuclear Chemistry; Radioactivity; Uranium

m

Adhesion and Adhesives

Adsorption (Chemical Engineering): Coatings, Colorants, and Paintst
Composite Materials; Electrostatic Powder Coating; Polymers, Mechani-
cal Behavior; Polymers. Thermally Stable: Sandwich Composites: Sur-
face Chemistry

Adsorption (Chemical Engineering)

Absorption (Chemical Engineering); Chemical Thermodynamics; Chro-
matography: Distillation; Kinetics (Chemistry); Petroleum Refining; Sol-
vent Extraction: Zeolites, Synthesis and Properties

Aerosols

Atmospheric Diffusion Modeling: Cloud Physics; Coal Structure and Re-
activity; Combustion: Fire Dynamics; Liquid Rocket Propellants; Parti-
cle Size Analysis; Planetary Atmospheres; Pollution, Air; Pollution Con-
trol; Volcanology

Aircraft Aerodynamic Boundary Layers

Aircraft Performance and Design *Aireraft Speed and Altitude; Air-
planes, Light; Computational Aerodynamics; Flight (Aerodynamics):
Flow Visualization; Fluid Dynamics

Aircraft Avionics
Aircraft Instruments; Aircraft Performance and Design; Aircraft Speec
and Altitude: Airptanes, Light; Flight (Aerodynamics)

Aireraft Instruments

Aircraft Avionics; Aircraft Performance and Design; Aircraft Speed an
Altitude; Airplanes, Light; GPS (Global Positioning System) Techno
ogy: Kalman Filters and Nonlinear Filters; Stochastic Processes

Aircraft Performance and Design
Aircraft Speed and Altitude; Airplanes, Light; Computational Aerod
namics; Flight (Aerodynamics); Jet and Gas Turbine Engines; V/STC
Airplanes

Aircraft Speed and Altitude
Aircraft Avionics: Aircraft Instruments; Aircraft Performance and T
sign: Airplanes, Light



The Subject Index is the
traditional form of reference-book
index listing each important topic
discussed in the book with volume

and page number.

i i iliar element in
The Subject Index is a fami )
other encyclopedias, but the Thematlc Index
and Relational Index are special feotures
of the Encyclopedia of Physical Science

and Technology, Third Edition

The Thematic Index lists ail the.
articles according to the general discipline they.th
fall under; for example, all the articles that deal wi

Infrared Astronomy
Interstellar Matter
Lunar Rocks

Millimeter Astronomy
Moon (Astronomy)
Neutrino Astronomy
Neutron Stars

Planetary Atmospheres
Planetary Geology
Planetary RadarAstronomy
Planetary Satellites, Natyra
Primitive Sojar §
Pulsars
Quasars

Radio Astronomy, Planetary
Solar Physicg
Solar System, General

Space Plasma Physics
Star Clusters

Stars, Massive

Stars, Variable

Stellar Spectroscopy

Aeronautics or Astronomy or Materials Science'. 3
This allows the reader to obtain a complete overvie

of the Encyclopedia’s entire coverage of a given
discipline of physical science and technology.

AERONAUTICS

Aircraft Aerodynamic Boundary Layers
Aircraft Avionics

Aireraft Instruments

Aircraft Performance and Design
Aircraft Speed and Altitude
Airplanes, Light

Computational Aerodynamics
Flight (Aerodynamics)
Helicopters

Ramjets and Scramjets

Structural Analysis, Aerospace
VISTOL Airplanes

ANALYTICAL CHEMISTRY

Analytical Chemistry, Overview
Atomic Spectrometry

Auger Electron Spectroscopy
Capillary Zone Electrophoresis
Elect.rochemistry

Electron Spin Resonance
Electrophoresis

Elemental Analysis, Organic Compounds
Fiber-Optic Chemical Sensors
Gas Chromatography

Infrared Spectroscopy

Liquid Chromatography
Magnetic Resonance in Medicine
Mass Spectrometry

Microscopy (Chemistry)

Microwave Molecular Spectroscopy
Nuclear Magnetic Resonance (NMR)
Organic Chemistry, Compound Detection
Photoacoustic Spectroscopy
Photoelectron Spectroscopy

Raman Spectroscopy

Scanning Probe Microscopy
Sonoluminescence and Sonochemjstry
Thermal Analysis

Tomography

X-Ray Analysis

X-Ray Photoelectron Spcctroscopy

ASTRONOMY

Aslrochemist'ry
Binary Stars
Celestial Mechanics

Cometary Physics

Cosmic Inflation

Cosmic Radiation

Cosmology

Dark Matter in the Universe

Galactic Structure and Evolution

Gamma-Ray Astronomy

Gravitational Wave Astronomy

Gravitational Waye Detectors

Image Restoration, Maximum Entropy Methods
Impact Cratering

Magnetic Fields in Astrophysics
Meteorites, Cosmic Ray Record

Radio Astronomy - Interferometry

Solar System, Magnetic and Electric Fields

11 Structure and Evolution

U

ThematicIndex

‘-—

Thematic Index

Solar Terrestria] Physics
Terrestrial Atmospheric Electricity
Thunderstorms, Severe
Tropospheric Chemistry

Weather Prediction, Numerical

BlOLoGIcAL CHEMISTRY
Bioenergetics

Biomasg, Bioengineen’ng of
Bioreactors

Cell Death (Apoptosis)

ystem Objects: Ax teroids and Comets Chromatin Structure and Modification

DNA Testing in Forensic Science
Enzyme Mechanismg
Food Colors
Gene Expression, Regulation of
Giycoconjugates and Carbohydrateg
Hybridomas, Genetic Engineering of
Immunology - Autoimmunity
Ion Transport Across Biological Membranes
Lipoprotein/Choiesteroi Metabolism
Mammalian Ce[j Culture
Mass Spectrometry in Forensic Science
Membrane Structure
Metabolic Engineedng
Microa.naiytical Assays
Natural Antioxidants jn Foods
Nucleic Acid Synthesis
Pharmaceulicais, Controlled Release of
Pharmacokinetjcs
Protein Folding
Protein Structure
Protein Synthesis
Ribozymes
Separation and Purification of Biochemicalg
Spectroscopy in Forensic Science
Tissue Engineering
Toxicology in Forensic Science
Translation of RNA to Protein
Vitamins angd Coenzymes

CHEMICAL ENGINEERING

Absorption (Chemical Enginccring)
Adsorption (Chemical Engincering)
Aerosols

Batch Processing

Catalysis, Industrial

Catalyst Characterization

Chemical Process D
Control

Cryogenic Process En gineering

esign, Simulation, Optimization. and

PRAISE FROM THE FIRST EDITION:

.
“ «el am convinced the Encyclopedia wrl’l,
be a big contribution as a science source.
— NANCY PRUETT,
SANDIA NATIONAL LABS




