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Waterjet (mining)

better cohesion between the repair layer and the un-
derlying concrete. This improved bonding makes the
interface less vulnerable and extends the life of the
repair. The growth of this, and the industrial high-
pressure cleaning market, have meant that the pump-
ing and other support equipment, which were items
of high cost and poor reliability over a decade ago,
are now less expensive and equipment now reliably
operates commercially at pressures above 280 MPa
(41,000 Ib/in.?). With the growth of these industrial
markets, the relatively small market that mining rep-
resents has limited development in this field.

Waterjets do, however, have several unique advan-
tages, such as the ability to transmit energy down
very small flexible conduits, and the low levels of
force required to direct the stream. Thus, in special-
ized operations, high-pressure tools are starting to
find a market.

Quarrying. The first market for specialized high-
pressure tools was in the use of waterjets to cut gran-

High-pressure waterjets are used to outline granite blocks in a quarry. (NED Corp.)

ite (see illus.). Although first investigated a number
of years ago, it has been only recently that waterjet
quarrying of stone has become a commercial reality.
As with other applications, there is a significant trade-
off between pressure and flow rate choices in select-
ing the best tool for the operation. Waterjets can cut
into typical granite, based on crack growth around
the crystal interfaces, at pressures of 70-100 MPa
(10,000-14,500 1b/in.?). One of the earlier demon-
strations that this was a practical tool came with the
carving of the Missouri Stonehenge at the Univer-
sity of Missouri-Rolla. More recently, this has been
followed by the carving of the Millennium Arch, a
sculpture in which the figures of a man and a woman
have been carved from the legs of a 5-m-high (16-ft)
arch and the figures have then been polished and
positioned some 15 m (50 ft) away.

The precision cutting and minimization of waste
that this demonstrates has particular benefit in the
dimension stone (cut into shaped blocks) business.
Although the granite resources apparently available
to quarry owners are large, at any given site this
is only superficially true. The granite is not a con-
sistently homogeneous rock. It has varying proper-
ties with direction, and frequently contains flaws,
fissures, or layers of rock of different color and con-
sistency, which reduce the volume available to mar-
ket. Given that the primary quarrying method uses
flame torches, which channel into the rock with a
slot wider than the sole of the operators shoe, and
add to this the zone of heat-weakened rock left on
the side of the cut, the cutting operation is expen-
sive. Add to this the health and safety concerns of
the “old” technology—noise levels of around 140 dB
and the generation of fine clouds of dust with the
risk of respiratory problems—and a clear technical
need becomes evident.

Over the past 4 years this need has increasingly
been met by the use of an oscillating jet lance, which
cuts into the granite at a pressure of around 250 MPa
(38,000 Ib/in.?). A flow rate of about 27 liters/min
(7 gal/min) is directed through a single nozzle, which
oscillates over the face of the slot as it is fed up and
down its length. Typically, the slots are some 3-5 m
(10-16 ft) deep, and the machine has been auto-
mated, so that the lance will advance into the cut to
an initial distance of some 6 m (20 ft). After this, the
machine can be moved forward again, so that overall
lengths of more than 30 m (100 ft) have been cre-
ated as primary cuts in the quarry floor. From these,
blocks can then be isolated and removed from the
solid for processing into slabs for commercial use.
Cutting rates vary between 1 and 1.75 m?/h (11 and
19 ft*/h) as a function of the granite type, which is
roughly 25-50% higher than the burner production
rates in the same stone. The slots are some 4-7 cm
(1.6-2.8in.) wide, but because of the lack of damage
to the walls, the block surfaces can be used as the
starting surface for subsequent processing.

The machines that have been installed in both
the United States and Europe are fully automated so
that several machines may be controlled by a single

perator Who does not have to be present during the
opcration’ but who may be summoned at the end of
Jator if a problem arises. The noise level (98 dB) is
aonsiderably less than that of the flame burner. De-
ending on the granite, the cost benefit will also vary,
it figures of $49.62/m?* as opposed to $73.83 m?
ira burner have been quoted.

Drilling. Slot cutting is a narrow niche market for
mterjet use. The flexibility of the tool in applying
high cutting pressures at the end of a small, possibly
fexible cutting head makes the tool potentially use-
filfor drilling. The most significant work in this field
staking place in Australia, although much of the pi-
meering effort took place in the United States. To
llustrate the benefits that can come from the use of
waterjets, consider the need to drill out from verti-
ul well bores in order to more effectively recover
ol or gas from a reservoir. A flexible high-pressure
lose can make a turn from vertical to horizontal in
1tight radius (around 20 cm; 8 in.) and transmit
power to a drill so that it might advance over half
1kilometer into coal to allow recovery of methane.
Premining methane has both economic and safety
benefits which are now being pursued commercially
ifter development, first at the University of Missouri-
Rolla, and then at the Center for Mining Technology
&Equipment in Brisbane, Australia.

For background information see COAL MINING;
DRILLING AND BORING, GEOTECHNICAL; GRANITE;
MINING; PLACER MINING in the McGraw-Hill Encyclo-
pedia of Science & Technology. David A. Summers

Bibliography. A. W. Momber, Water Jet Applica-
fions in Construction Engineering, Balkema, Rot-
terdam, 1998; D. A. Summers, Waterjetting Technol-
09, E & FN Spon, 1995; R. A. Tikhomirov et al.,
High-Pressure Jet Cutting, transl. from the Russian
by V. Berman, ASME Press, New York, 1992.

Wave-particle duality
Afundamental tenet of quantum mechanics is that
ticry particle also has a wave nature and every wave
o has a particle nature, at least in principle. For
lght, which in classical physics is an electromag-
ietic wave, the particle nature was first postulated by
Abbert Einstein in 1905, after Max Planck’s introduc-
tion of the quantum of action in 1900. The particles
iflightare now called photons and have found abun-
(nt experimental confirmation.

For massive particles, the wave nature was first
postulated by Louis de Broglie in 1924. For a particle
iimass m and speed v, the de Broglie wavelength is
k= b/myv, where b = 6.6 x 10734 ] . s is Planck’s
{iantum of action.

The wave nature of matter has found experimental
Gnfirmation for many, very diverse particles, from
Electrons and neutrons to atoms and most recently
ben for molecules as complex as the fullerenes Cego
0 Cyp. While diffraction of matter waves, particu-
lirly of electrons and neutrons, has become a stan-
trd too] in many areas such as nuclear physics,
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atomic physics, and solid-state physics, the wave-
particle duality itself continues to be of fundamental
philosophical significance.

Double-slit experiment. The essence of wave-
particle duality eémerges in discussing the famous
double-slit experiment (Fig. 1). As a Gedanken
(thought) experiment, it was already a tool in the
debate between Einstein and Niels Bohr about epis-
temological questions in quantum mechanics. Radi-
ation, be it light or massive particles, passes a di-
aphragm with two openings. Behind the diaphragm,
fringes are observed which can be explained as
being due to interference of waves passing the two
slits. The interference is also observed when the in-
tensity is so low that the particles are detected one
by one. The observed interference fringes on the de-
tection screen can be calculated via the appropriate
wave function, whose square gives the probability
to observe a particle at a given location. This natu-
rally implies that the interference fringes will also be
obtained if they are recorded individual particle by
individual particle.

The philosophical conundrum arises when pre-
conceived classical notions are applied to an analy-
sis of this experiment. For example, if the particles
are thought of as localized entities, they must pass
through either slit to arrive at the observation screen.
But how can an individual particle know whether
the other slit is open or not? The modern interpre-
tation, suggested by Bohr, is that one should not
talk about a specific property of a quantum object

diaphragm

radiation source
(light or particles)

Fig. 1. Principle of the double-
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slit interference experiment, showing wave-particle duality.
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Fig. 2. Principle of the fullerene interference experiment.

without explicitly specifying the apparatus to deter-
mine that property.

The experimentalist therefore decides between
the wave and the particle properties in the experi-
ment by choosing the appropriate apparatus. Nature
then gives a random answer for the single outcome
within the probabilities given by the wave function.
For example, with equal probability either one of
the two slits will result as the location of the parti-
cle, should it be measured. Alternatively, if there is an
interference pattern, the position where the particle
will show up is random.

Conditions for quantum interference. On a much
deeper level, wave-particle duality is just one ex-
ample of complementarity in quantum mechanics,
a notion also introduced by Bohr. Two concepts are
complementary if complete knowledge of the one
implies complete ignorance of the other and vice
versa. Clearly, there are also intermediate states pos-
sible. Partial but fuzzy knowledge of which path the
particle went through implies a still visible interfer-
ence pattern of reduced contrast.

Quantum interference therefore arises when it is
impossible to know—even in principle—which path
the particle took. One might think that this requires
the knowledge of an external observer. But actually,
full quantum interference is seen only when there
is no information present anywhere in the universe
as to which path the particle took, independent of
whether we care to take notice of that information
or even whether we are capable of reading it or not.

Observation of quantum interference is expected
to be increasingly difficult with increasingly large ob-
jects. The main reason is that quantum interference
implies that a system is isolated from the environ-
ment; yet the larger an object becomes, the more
degrees of freedom it has, that is, the more easily it
exchanges information with the environment.

detection

laser

Fullerene interference experiment. The experiment
with the most massive and complex objects show-
ing de Broglie interference thus far (Fig. 2) was suc-
cessful with the fullerene molecules Cg, and C-
(although the curves shown here are for Cg, only).
The fullerenes were evaporated in an oven at a tem-
perature of around 900 K (1160°F). They passed
through fine collimation slits and transversed a sil-
icon nitride grating whose bars were spaced at a pe-
riod of 100 nanometers with 50-nm openings. The
interference pattern was observed by scanning a very
fine ionizing laser beam across the molecular beam.
The ions were recorded as a function of the laser
position.

This experiment has a number of interesting fea-
tures: (1) The de Broglie wavelengths of 2-4 picome-
ters are more than 100 times smaller than the size
(1 nm) of the fullerenes, indicating that size itself
is not crucial. (2) In the experiment resulting in
Fig. 3a, the fullerenes still have their full thermal
velocity distribution. Nevertheless, it is possible to
clearly observe the interference pattern. (3) Because
of the high temperature of the fullerenes, each indi-
vidual molecule is in a quantum state different from
all other molecules, as their rotational and vibrational
degrees of freedom are highly excited. By that very
feature alone, different fullerenes cannot interfere
with each other. The experiment is truly a single-
particle interference phenomenon. This is also guar-
anteed by the low intensity of the fullerene beam
in the experiment. (4) Most importantly, again be-
cause of the high temperature of the fullerenes, they
are not completely isolated from the environment.
Indeed, each fullerene is expected to emit a few
photons on its path from the oven to the plane of
observation.

Then, why do these photons not disturb the in-
terference pattern? The answer is obtained simply
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fig.3. Interference patterns of Cgp molecules at a distance
of1.2 m (4 ft) after the 100-nm grating. (a) Interference
pattern of molecules that have a full thermal velocity
distribution. Besides the central peak, one interference
minimum and one maximum can be seen on each side. The
minimum is due to destructive interference of waves

passing through neighboring slits. The first maximum on
gach side is due to constructive interference.

() Interference pattern under similar conditions but with
ielocity selection (wavelength, A ~ 5 pm, A\/\ ~ 0.16).

by applying the criterion that interference will be
observed if there is no information about the path
ke by the particle. Indeed, the emitted photons
ueexpected to have a wavelength of a few microme-
ters, which is much larger than the spatial separation
fthe interfering paths through the diffraction grat-
ing, which amounts to 100 nm. Under these circum-
fances no optical instrument can resolve the path
¥paration, which means that the photons carry no
Weful path information and the interference pattern
Gnstill persist. Only if very many long-wavelength
photons were emitted, or a few photons of much
Shorter wavelength, would sufficient path informa-
on be carried into the environment and result in a
lestruction of the interference pattern.

While Fig. 34 still is of limited contrast due to the
lrge velocity spread, a narrow velocity class was
lected in a more recent experiment. As expected,
dmost perfect interference contrast was observed
(fig. 3b).

Further experiments. Future experiments will have
4 focus on various points. It will be interesting to
estigate the possibility of destroying the interfer-
thce pattern through a controlled coupling with the
Witonment. This could be done either by heating
lhe fullerenes up a great deal or by building an inter-
tometer where the interfering beam paths are sep-
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arated on a scale comparable with the wavelength of
the emitted photons. The transition between quan-
tum and quasi-classical physics could then be studied
in detail. Another interesting direction of research
would be to extend the techniques to the study of
interference of biological macromolecules. It seems
to be possible to develop methods which are scal-
able in mass. Thus one could investigate experimen-
tally whether there are any fundamental obstacles
for the observation of quantum interference of mas-
sive and complex mesoscopic objects. While it is not
expected that any fundamental limits will be encoun-
tered, further investigations of quantum phenomena
in the mesoscopic domain will certainly push for-
ward the frontiers of current knowledge and also of
coherent manipulation technologies.

For background information see COHERENCE;
FULLERENE; INTERFERENCE OF WAVES; NONRELATIVIS-
TIC QUANTUM THEORY; QUANTUM MECHANICS;
QUANTUM THEORY OF MEASUREMENT; UNCERTAINTY
PRINCIPLE in the McGraw-Hill Encyclopedia of Sci-
ence & Technology.

Markus Arndt; Olaf Nairz; Anton Zeilinger

Bibliography. M. Arndt et al., Wave-particle duality
of C-60 molecules, Nature, 401:680-682, October
1999; N. Bohr, Discussions with Einstein on episte-
mological problems in atomic physics, in P A.
Schilpp (ed.), Albert Einstein: Philosopher-Scientist,
Library of Living Philosophers, Evanston, 1949;
R. P. Feynman, R. B. Leighton, and M. L. Sands, The
Feynman Lectures on Physics, vol. 3, Addison-
Wesley, 1964.

Wind turbines

Wind turbines

Over the centuries windmills and wind turbines have
been used to grind grain, pump water, and generate
electricity. The earliest windmill design on record
dates back to the tenth century in West or Central
Asia, where vertical-axis windmills were used for
grinding corn. Windmills were primarily used for
milling and pumping until 1888, when Charles E
Brush, an inventor and manufacturer of electrical
equipment in the United States, designed and built
the first windmill for the generation of electricity.
For over 20 years his 12-kW horizontal-axis windmill
was used to charge batteries for lights on his estate
in Cleveland, Ohio. It took another century of devel-
opments in structural, aerodynamic, and electrical
science and engineering to progress from the mas-
sive Brush windmill with its multiblade rotor to the
sleek two- and three-bladed megawatt wind turbines
of today. It was not until the last part of the twentieth
century that a resurgence of interest in wind pow'er
sparked by the energy crisis and government tax in-
centives led to the development of relatively simple
but efficient wind turbines and the first wind plants
in California. After a bumpy start in the 1980s, the
worldwide capacity of installed wind power grew
rapidly to 12,455 MW at the end of 1999, with ?O%
(2490 MW) of this wind power residing in the United

413




McGRAW-HILL YEARBOOK OF

Science &
lechnology

2002

Comprehensive coverage of recent events and research as compiled by
the staff of the McGraw-Hill Encyclopedia of Science & Technology

McGraw-Hill
New York Chicago San Francisco Lisbon London Madrid Mexico City Milan
New Delhi SanJuan Seoul Singapore Sydney Toronto




Y A A o a5 A S T Y e B g e e ot ey

Library of Congress Cataloging in Publication data
Editorial Staff Vi

McGraw-Hill yearbook of science and technology.
1962- . New York, McGraw-Hill.

v. illus. 26 cm.
Vols. for 1962- compiled by the staff of the International Editorial Advisory Board _
McGraw-Hill encyclopedia of scienceandtechnology. = NS == = = 0 R oL
1. Science—Yearbooks. 2. Technology—
Yearbooks. 1. McGraw-Hill encyclopedia of
science and technology.
1.M13 505.8 62-12028 o :
Q : ) Editing, Design, & ProductionStaffs- i 70 vt 0 vii
ISBN 0-07-137416-7
ISSN 00762016

MCGT aw- Hlll Z\Z ConsultingEditors ... o0 ea iy 0 L0 s s e Vii

A Division of The McGraw-Hill Companies

McGRAW-HILL YEARBOOK OF SCIENCE & TECHNOLOGY
Copyright (© 2001 by The McGraw-Hill Companies, Inc.

All rights reserved. Printed in the United States of America.

Except as permitted under the United States Copyright Act of 1976,
no part of this publication may be reproduced or distributed in any
form or by any means, or stored in a data-base or retrieval system,
without prior written permission of the publisher.

Article Titlesand Authors ... ... .7 i B0 e e g M e G iX

Preface: i sl vripussiariiei Bl o 0 0 ey 0 e Xiii

The following articles are excluded from McGraw-Hill Copyright:

Astrobiology; Climate change; Endophyte grasses; Fisheries ecology;

Gamma-ray astronomy; Lotus; Meteoric inclusions; Microwave organic

synthesis; Ocean warming; Soil erosion reduction; Sustainable nuclear Artidles i iene St g B n 1-426
energy; Systems architecture; Trace-isotope analysis; Ultracold neutrons;

Wing drop.

12345 678 9:0 DOW/DOW 0765 43521
Contributors.. ... . eeha@savaiendad e i o e 429

This book was printed on acid-free paper.

It was set in Garamond Book and Neue Helvetica Black Condensed by
TechBooks, Fairfax, Virginia. The art was prepared by TechBOORS. I
ndex:.ooove o aas i B e e 437
The book was printed and bound by R. R. Donnelley & Sons Company,
The Lakeside Press. v




