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TEKCTbBI JJIAA YTEHUA

3-D OPTICAL MEMORY

A new kind of photorefractive effect has been dv&red by two physicists at
the Racah Institute of Physics at the Hebrew Usitaer With further work, this
effect will possibly be used for the developmenholographic-type memories and
other optical computing devices.

In contrast with ordinary disk or tape memories aoimputers where the
information is stored on the surface of a magnéhn, holographic memories
store information in the volume of special typescofstals. The information is
written in and read out using laser beams.

Scientists in many laboratories have realized tistndt advantages of such
memories and are looking for ways to put them iaffect. The information
density of such memories is enormous, and largetdies of information can be
written and read in parallel using one flash cisel beam. In these memories, it is
possible to store directly both numbers and pistwéhout the need to translate
the pictures into numbers first, as is done ingmeésomputers. The information is
stored in such a way that defects in the crystdlsamall scratches do not spoil any
part of the information. They just increase themsity of the light which is needed
to write the information.

The most promising way to write the informationoirthe crystals is to use the
photorefractive effect. This effect is simply theaage in the refractive index of
the crystal by the absorption of light in it. Exjpeental holographic memories
using the photorefractive effect have been built, the information stored in the
memory is usually erased when the memory is relad. i$ a fundamental problem
resulting from the very nature of the classicaltphefractive effect.

Professor Yacoby proposed a new mechanism for dopdactive effect
which has been experimentally demonstrated andstigaged by Agranat. The

new photorefractive effect is at least as efficiast the classical effect and
3



holograms written into the crystal are not erasémwthe information is read.
Thus, this new effect may open a new way to utilmdographic computer
memories.

Even though the Hebrew University scientists $tdve a long way to go to
produce a practical device, they draw confidencenfthe fact that they have
already demonstrated the existence of their newopbivactive effect and have the

ability to produce the type of crystals that thegad.

PROTECTING MASTS

The triangular steel masts widely used for broaittgisand communications
are vulnerable to corrosion and to lightning ssikeith the major potential hazard
from indirect lightning strikes being the possityiliof damage to any solid-state
equipment connected to the antenna system. De#ipteclaims of solid-state
transmitter manufacturers that their equipmentuily fprotected this in practice
depends, particularly in the case of medium-wavaipggent, on the installation
being adequately earthed, both in respect of thenaa system and the power-
supply system. An indication of the extent to whibis may need to be taken is
underlined in a recent 127-page publication of Hueopean Broadcasting Union
“The protection of broadcasting installations agaidamage by lightning”
compiled by specialist engineers of Italy, Germang Austria.

One problem is that v.h.f. and u.h.f. transmittatgtions are often built on hills
or mountains where the earth conductivity is veoprmpand various systems of
“earthing improvement” are necessary. This may udel increasing soil
conductivity by injecting highly conducting soluti® in order to reduce the contact
resistance of the earth electrodes. The authorst poit that, formerly, use was
made of saline solutions, but these contributedcdoorosion. More recently
hygroscopic emulsions have been developed. In dad@ermit the emulsion to

penetrate the rock, blasting may be necessary. gtomuinjection can result in



lower earthing resistance, independent of fluctuesti in air temperature and
humidity and provides a useful degree of corrogigvention.

The ABU Technical Review includes a report fromzhon metallic corrosion
in medium-wave antenna masts. There are over 550amd h.f. transmitting
stations in China. Serious corrosion has been f@aupobblem at a site close to an
industrial city in south-eastern China, where there relatively lightweight steel
triangular masts 106.5m and 147m high. The segmewist affected were at
altitudes of about 65 to 108m. Microanalysis of toeroded sections showed an
abundance of sulphur which was deemed to come &uphur dioxide pollution
from local power stations and factories. Harmfubgnfrom many chimney stacks
does not diffuse quickly under low wind speeds higth humidity.

The Chinese broadcast engineers have concludedateful attention needs to
be paid to the question of air pollution when chiogssites and that metal
protection needs to be considered in relation teirenmental conditions.
Techniques such as surface blasting, hot spraymgediately with an Al-Mg
alloy coating with a sealed layer painted over tbating are recommended in
polluted areas. In less polluted environments meats be sprayed with a non-
metallic paint on the steel base after blastinge Thinese plan in future to use
aluminized coating and steel base combined megadiallty, with resulting
stronger bond strength. The aluminized coating wath inside layer of
ferroluminium and an outer layer of high concemrataluminium will, it is

claimed, be more resistant to atmospheric corrosion

LEAP IN THE LIGHT

By the middle of the decade international carneitsbe able to draw on trans-
Pacific optical transmission systems carrying 2,4(SB This represents the
equivalent of over 300,000 simultaneous telephaiks per pair of optical fibres.
The world’s first transatlantic optical cable whiafent into service in 1990 can

carry 40,000 simultaneous telephone calls.
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The new systems will carry 600,000 simultaneousvemsations on a single
four-fibre cable. Scientists in the research latwsi@s of AT T and British
Telecom have already demonstrated the high-speezhbansmission techniques
required in terrestrial systems.

However, transferring these to the special demasfdan undersea system
presented special problems.

In optical communications systems digital inforroatiis carried as a train of
light pulses through the fibre. To support the B4#( transmission rate these
light pulses need to be very short. As the optmabkes travel through the fibre
they weaken in signal strength and become strefechakling the information they
carry indecipherable. The signals in existing sulimea systems operating at
140Mbit/s need to be electronically reconstituteerg 40 miles or so. A 2,4GBit/s
transmission rate would be impractical with coni@ml systems as it would
require too many repeaters on the sea bed.

To overcome this, researchers have developed asptatil amplifier which
can reconstitute the optical signal without thechi electro-optic conversion on
the ocean-floor. The optical amplifiers developgdd boost the optical signal as
it travels through a short length of fibre whichntains traces of the element
erbium. The signal gains its optical energy frorhigh reliability semiconductor
laser that ‘pumps’ the amplifier.

The high efficiency of these optical amplifiers medhat there will be fewer
ocean-floor repeaters; even with a transmissian o&2,4GBit/s amplifiers can be
over 100km apart.

Another important property of optical amplifierstigat they give the network
designers complete freedom to upgrade the capadityhe system without
modification. Unlike conventional electronic repeat optical amplifiers can
support a number of data rates. Last year, BT dstrated a land-based system
using erbium amplifiers that transmitted a date @t 20GBit/s over 100m. The
company expects the first practical implementatibauch as high capacity system

in a submarine cable before the end of the century.
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Scientists have looked even further into their @y®all with a laboratory
experiment which demonstrated that it was possiblsend ultra narrow optical
pulses — each less than one trillionth of a sedanduration, called solitons —
6000km in a loop of erbium doped fibre acting aitvn regenerator.

Scientists are rising to the challenge of underwdatdecommunications
systems. There is now the possibility that opt&ighals will one day cross the
Atlantic in a single leap without any need for d®sd regeneration. Then the

engineers might have invented themselves outaba |

TRANSPUTER IN THE DRIVING SEAT

Dr Barry Thomas and Professor Erick Douglas of WBridJniversity are
developing a transputer-based expert system focah&ol of unmanned vehicles.
The three-year project will lead to a fully engirezk vision system together with
the control software necessary to drive a roboickelaccurately and smoothly.

By human standards, the driving ability will be pestacular; the robot is
expected to be able to drive itself along an empég and to turn right and left as
necessary. Yet even this modest capability willunex real-time algorithms
capable of analyzing each separate frame from eovchmera mounted on the
vehicle. Dr Thomas is developing the software to @a a bank of between 10 and
20 transputers which, unlike existing vision systemill take the video signal
directly without any external frame store.

The Bristol system is expected to be an order ojmtade more responsive
than that of other robot vehicles, which up tillwadaven't been able to drive
safely at more than a few km/h. Nor have they baa@e to distinguish the road
from the verge by its texture alone.

In answer to the obvious question of why such lagms are to be spent in
doing what a human being can do far better, Dr Td®points to the possibility of

having a military surveillance vehicle that couigpre dangerous enemy territory



entirely by passive sensing. There would be no rieedive-away emissions or
jammable radio links.

Ultimately, however, its true value is seen as I@ing technology”. A real
time vision analyzer could equally well act as ausity guard or a method of
checking goods on a production line... or eventuadlyhaps as a means of getting

you home safely from the pub.

RADIOACTIVITY AND SOFT FAULTS

Studies at the University of Southampton have shgated in detail the
phenomenon of “soft” errors in dynamic rams dualpha particles. Ever since the
introduction of high density rams alpha sensitivitgs been widely reported,
though there has always been some uncertainty whieh parts of the chips are
most sensitive.

What the Southampton researches did was to takplsamf 65K nmos drams
from three different manufacturers and preparedhtbg removing their lids and
protecting coatings. Then, by using masks and phaakource, they were able,
selectively, to expose different areas of the clop=mdiation.

With each different position of the masks, the ramese then subjected to a
sequence of write/read cycles, with the error rageg noted in each case. These
tests showed quite clearly that alpha hits causeribst errors, not when they hit a
memory cell, but when they hit a bit line. In faégr chips from all three
manufacturers, hits on the bit lines provided th& ignificant source of alpha-
induced soft errors. Cells, sense amplifiers angperal circuitry appear to make
a negligible contribution.

The Southampton workers provide evidence thatribeeased sensitivity of the
bit lines, compared with other components is, inpabbability, a reflection of

nothing more than their greater collecting area.



A NEW APPROACH TO SHORT TERM WEATHER FORECASTING

The UK will soon benefit from a new approach to gw®n weather
forecasting. FRONTIERS, an advanced image manipulasystem originally
developed by Logica for the Meteorological Officeto enter service at the Met.
Office Headquarters, Bracknell.

FRONTIERS is the result of some five years reseathhe Met. Office
laboratories at Malvern. Logica supported the etimiuof the system throughout
the research program and has recently been caedraectbuild the operational
version.

The FRONTIERS concept allows meteorologists toystuat correct data from
a network of weather radars covering England, Wales$ Ireland. The detailed
rainfall maps provided by the radars are furthdramiced by merging in satellite-
derived imagery, giving rainfall fields accuratehath intensity and location. The
latter are used to predict the movement of theaedas for the next six hours.

The system has a high resolution and uses measttemade in real time,
updated every 15 minutes. This permits more aceuaat detailed short-term
rainfall forecasts than was previously possiblee Bystem uses high-resolution
graphics and a variety of input devices, includitogich-sensitive screens, to

provide meteorologists with easy access to the enmagnipulation facilities.

ATOMIC PARTICLES BREAK ENERGY RECORD

Researchers at CERN, the European Laboratory foticieaPhysics, have
accelerated atomic nuclei to the highest energy achieved in the laboratory.
CERN'’s machines, which extend for many kilometerdarground, normally work
with protons, but to extend their studies of mattbe physicists chose to work

with oxygen ions which are 16 times heavier andcwltarry a double charge. To
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provide these ions, one of CERN’s injector accétesa was adapted in
collaboration with the German Gesellschaft fur Seheanenforschung and the
Lawrence Berkeley Laboratory in California. Botlesle research teams have a
strong tradition if research with ion beams, buyd®ERN’s system of interlinked
accelerators could provide the energy levels needed

After leaving the injector, the ions passed throggiieral accelerators, ending
up in the Super Proton-Synchrotron (SPS) with aergynlevel of 3.2TeV. In
absolute terms this isn’t a huge amount of endsgy.carried on oxygen nuclei, it
represents a huge concentration of energy.

Using the ion beams, CERN physicists will searchdigns of the so-called
“quark-gluon” plasma, a state of matter thoughexest under extreme conditions
where protons and neutrons fuse into a “soup” @ tonstituent quarks and
gluons. This state of matter is thought to havetexi in the first second after the
Big Bang that created the Universe and before mettedensed to form atoms and
molecules. Preliminary experiments with oxygen id@am have already
demonstrated that useful results will be achievb@mthe experimental program
gets fully under way.

CERN's track record with high energy research isay impressive. It was in
the SPS accelerator that proton/anti-proton collisirevealed evidence of the W
and Z patrticles. These are the particles that nedw so-called ‘weak force’, the
agent of radioactive decay. The same experimeet [@bvided evidence for yet
another building brick of matter, one of the préehc family of 5 quarks, the

component parts of neutrons and protons.

NEW M.F. BROADCASTING ANTENNA DESIGNS

The US National Association of Broadcasters (NABplanning practical tests
on two new types of m.f. broadcasting antenna,gieesi to minimize unwanted
skywave. Current antennas, mostly vertical towérsices, radiate less than 15%

of their energy into usable groundwave — the sighal provides the primary
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service for the listener. Not only is this ineféat, it can also lead to problems
after dark when the spurious skywave is reflectacklio earth by the D layer of
the ionosphere. This can result in co-channelfiatence hundreds or thousands of
kilometers from the primary service area of thendraitter. One of the new
antenna designs, by Richard Biby of CommunicatiBngineering Services, is
based on a conventional vertical monopole, surredndy a number of short
vertical auxiliary radiators. These are placednorease the ground wave and to
cancel out unwanted skywave.

The other novel design to be tried by the NAB isGxyden Prestholdt of A.D.
Ring, Washington. It employs a combination of \etj horizontal and diagonal
elements to give, it's hoped, separate control geund wave and skywave
components of the signal.

Construction of both experimental antennas is epeto take a year, after

which there will be another year of comparativédfiiests.

FIRST ERROR-FREE MICROPROCESSOR

Ferranti Electronics has produced samples of wihelaims to be the world’s
first microprocessor with guaranteed error-freagtesknown as Viper (verifiable
integrated processor for enhanced reliability) thew device is a 32bit
microprocessor designed by the Royal Signals andaR&stablishment for
applications requiring high operational integritych as aircraft autopilot systems,
missile systems and nuclear power plants.

Viper's operation can be formally specified andified using mathematical
techniques to ensure that a completely predictsymgéem can be implemented for
such safety-critical applications. This “provablgbrrect operation has not been
possible with previous microprocessor systems. 30@0-gate logic design was
simulated and implemented in silicon by Ferraningghe u.l.a. “silicon compiler”

software system.
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Ferranti Electronics was one of two companies $seteto manufacture the first
Viper chips, now delivered to RSRE for evaluatigdithough the device is
designed to operate in a military environment amdeisistant to high radiation
levels, it is expected to have many civil applica, and Ferranti will be
marketing the microprocessor commercially as the1Vi

The device is fabricated using Ferranti’'s latest rhicron double-layer metal
advanced bipolar process and will be supplied ihedec standard 84-pad chip

carrier.

FIRST ALL-OPTICAL REGENERATION

The first all-optical light regenerator for use aptical communications has
been demonstrated by British Telecom Research batroes at Martlesham
Heath. The regenerator — still in the experimeistage — both amplifies and
retimes light pulses directly without convertingeth from light to electricity, as
occurs in conventional repeaters.

All-optical regenerators, when developed commesgigdromise considerable
savings in the cost of optical communications link&ich presently need
regenerators every 30km or more, especially forets®h systems. Regenerators
will be significantly cheaper and simpler to maked their power requirements
will be reduced.

The all-optical regenerator was developed by twdaidBr Telecom research
engineers, Rod Webb and John Devlin. Its key corapbis a microlaser which
under certain conditions can behave like an optagkc switch. An optical clock
signal is fed to the laser to hold the switch spase in the “off” condition. When a
pulse of light from the incoming fibre arrives hetlaser it has sufficient energy to
switch on the laser but only when the optical cls@nal is present. This triggers
the laser to generate a more powerful burst ot iglsynchronism with the clock

which is then injected into the outgoing fibre.
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The BT all-optical regenerator differs from prevsbu demonstrated optical
amplifies in two important respects. Bistable ofieraleads to a signal output
level that is relatively constant over a rangengiut levels; and secondly the signal
Is retimed by an optical clock.

It is based on the principle that a Fabry-Perotisenductor laser has non-
linear transfer characteristics because its effectefractive index varies with
optical power level. At some wavelengths this nogdirity leads to bistability.

To form a regenerator, an optical clock waveformsisting of a train of pulses
with peak power just below the bistable threshsldambined with the data stream
and coupled into the amplifier. When a pulse isvfloa slightly amplified clock
pulse appears at the output, and when ‘high’ thdtiadal power is sufficient to
exceed the threshold and the output jumps to aehilgivel, which is insensitive to
the data power, and reverts to low only at the @ritie clock pulse. The output is

the regenerated data in return-to-zero form, reditmethe clock.

SUPERDEFORMED NUCLEI

Results obtained recently from the Nuclear Structbacility (NSF) at the
Science and Engineering Research Council's Labgragpresent the final step in
a long search for atomic nuclei with a superdefalsleape. Theory predicts that
under conditions of extreme stress caused by rapiation some nuclei will
suddenly adopt a fixed, superdeformed shape. Tapes which is similar to a
rugby ball, has a 2; 1 major-to-minor axis ratia as stable under these extreme
stress conditions.

Over the past 15 years, confirmation has been s$obghmany groups
worldwide and previous reports by scientists fromrd3bury and Liverpool
University have already hinted at a breakthrougha fecent series of experiments
at the NSF using high-resolution spectroscopy,ndsiis have now, for the first
time, produced a spectrum showing the sequencésofete gamma rays emitted

as a rapidly rotating superdeformed nucleus (dyspno 152) slows down.
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Almost 2% of the dysprosium 152 nuclei, producedbgnbarding a palladium
108 target with beams of calcium 48, were formedhm superdeformed shape.
The spectrum shows a series of 19 gamma rays,seganated by an energy of 47
keV, which slow down the nucleus from an angulammaotum of 60 units to 22
units. This observation of nuclear states up tois is itself a great leap forward:
the previous record was 46 units and previous athshave been in steps of only
a few units; in addition, 60 units is very close nm@ximum possible angular
momentum for any nucleus before it breaks up urmtational stress.

In superdeformed nuclei the emitted gamma rayschvharise from transitions
between a sequence of states, are predicted tovieayeshort lifetimes caused by
the large quadrupole moments of the highly deforrsledpe. The lifetimes of
these gamma rays have now been measured by sseintien Daresbury and
Liverpool University. These measurements estaldishieat the quadrupole
moments are indeed extremely large, confirming th& nucleus is the most
deformed nuclear shape found so far.

These observations open up new possibilities fadyshg the nucleus —
nature’s only strongly interacting, many-body quamtsystem — under novel
conditions. Such studies are already being stadedeveral European and

American Laboratories.

LASER ALTIMETRY DETECTS THINNING ICE

It's probably a good idea to hold off buying thagalshfront cottage, at least
until the effects of global warming are better ustieod. Using an aircraft-
mounted laser altimeter and a global positioningteay, a group of NASA
scientists has determined that the ice in Greenkntklting, contributing to rising
sea levels.

“Our measurements show little change in high-elewgparts of the Greenland

ice sheet, but the margins are undergoing sigmifidanning”, explained William
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Krabill of the Laboratory for Hydrospheric Process¢ NASA’'s Wallops Flight
Facility.

In some places, the ice in Greenland is more tH¥0mh thick. The group
estimates that approximately 51kmif ice is lost per year, raising sea level by
0.13mm per year — or roughly 7 percent of the olsserved during the study. It
estimates that the sea level could rise worldwigeas much as 7m if the
Greenland ice sheet were to melt.

Krabill and his colleagues, on repeat flights o&eeenland between 2000 and
2005, used a laser altimeter to monitor the thiskn& the ice. The NASA groups
are pursuing methods of mapping changes in theheet that may indicate global
climate change.

The altimeter operates in the visible range, at 68523nm. “We have a
heritage of working in the visible spectrum becaofearly studies in developing
laser bathymetry,” Krabill said. “We continued tseuthe hardware we already
had.”

The researches made time-of-flight measurementbeofaser pulse from the
aircraft to the surface and back. Measurements wereerted to distance by
including a range vector that accounted for therait’s pitch, roll and heading.

Krabill said that the system has more precisiom thther ranging technologies,
and that it is more time-and cost-effective tharotpgrammetry. Like other
systems, however, it is unable to penetrate foliagd operate in inclement
weather.

Although their findings indicate that the margirfstioe ice sheet are thinning,
the researches can not explain why. It is not chiliseincreased melting or less
snow accumulation, because the ice sheet wastatead equilibrium when yearly
temperatures were even warmer. Moreover, regi@mapéeratures in the late 1980s
and early 1990s were actually cooler than 96-yearage temperature. The
group’s future projects include the use of a spzmsed laser altimeter and

additional work on Antarctic ice.
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FLUORESCENCE IMAGER EXAMINES OCEAN FLOOR

The sea is the Earth’s ultimate repository. It soved natural and artificial
matter alike — both from rivers and directly frotboae — and cloaks its holdings in
silt and gloom. Much of interest lies beneath tlares, but attempts to image what
is on the ocean floor are hindered by absorpti@hsaattering in ocean water. One
way around the problem of scatter is the use aflseg laser as an illuminator and
a time-gated receiver as an imager. Because |las@ite fluorescence, such a
system can collect hyperspectral data that rewbalsnakeup of objects lying in
the field of view.

Researchers have developed a particularly compadt ssample sea-floor
hyperspectral imager designed for use with an uwater vehicle or glass-
bottomed boat. The instrument has no moving padscaeates a linear scan of the
ocean floor, with the orthogonal scanning movenpeavided by vehicle motion.

The light source is a Q-switched, frequency-doubtidde-pumped Nd:YAG
laser that produces 3.8mj of optical power pergals200Hz, or an average output
of 0.75W. The 4.5-ns pulses are passed througHireddgal lens to create a 35
fan of light. The returning fluorescence-containgignal passes through a grating
prism that disperses the light spectrally withobtrmging the direction of the
optical axis. The grating prism disperses the signa direction perpendicular to
the laser scan. A lens focuses the output ont®:4 #beroptic reducing taper; an
image intensifier and 1024 x 1024-pixel chargedptedrdevice camera complete
the setup.

The gating of the camera is set to coincide withrigturn of the laser pulse so
that ambient light is largely rejected. In opemafionage information falls along
the pixel rows of the camera, while spectral infation falls along the columns.
The spectral resolution of the system is 5.2nmipReflected laser light as well as
fluorescence is recorded by the sensor, with tHeated light used to construct a

traditional image.
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The instrument was tested in a boat at Catalirandsbff California. The boat
speed was typically 3 knots. Although the imagem ba used with an inertial
measurement unit to compensate for the pitch amdofahe boat, the test images
were not corrected for boat motion, says Davidegitbne of the researchers. A
variety of natural and man-made objects were imaigetuding sea-floor plants.

“We think that the instrument might be useful focating man-made objects —
for example, underwater mines or wreckage — in pinesence of naturally
occurring ocean plant life,” explains Sitter. “Thkiorescence of underwater
vegetation can be used to provide this discrimimatiThe second area that we
think the sensor could be useful is for monitotting health of coral reefs.”

The instrument was also tested on man-made objeclisding a resolution
target and nylon rope. All tests were done in chwater. Turbid water would
degrade both the spatial and spectral informasay,the researchers. An airborne

version of the compact hyperspectral instrumenhser development.

PHOTOREFRACTIVE CRYSTAL HELPS CLASSIFY DATA

Using optically interconnected electronics, resears in France have
constructed a type of self-organizing neural nekwealled a Kohonen map. The
network is constructed around a holographic refraccrystal. The team of
researchers showed that the system could correlethgify 100 items, each with
more than 100 features. Though the system suffens problems often associated
with sensitive photorefractive materials (such a®gram erasure, low diffraction
efficiency, and material nonuniformity), it demorades that optoelectronic
approaches can produce interesting and high-cgpaegults. Even in this
demonstrator, more than®1@eights are updated per second.

Unlike conventional supervised neural networks, ¢t@n maps do not take
new inputs and label them based on similar obj¢ictd have already been
classified (where the location of the output peakligates the label to be

used).Instead, in the first learning iteration, thputs from a given data set are
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randomly assigned a position in the output (clasdibn) plane. As the data is
represented (usually in a different, random, ordbs system is designed to update
itself in such a way that similar inputs are eneged to move closer to each other
in the output, and orthogonal inputs to move furtheay. After many iterations, a
two-dimensional map of the feature space is pradlui€eough nothing is labeled,
the similarity of a new object to one that is knoean be understood by simply
looking at their distance apart.

The optoelectronic implementation consists of fbasic elements. The first
two are beams split off from an argon-ion laset #raits at 515nm. These beams
enter the third main component, a copper-doped uitsrgermanium oxide crystal
(chosen for its high sensitivity) at 9@ each other. The first part of the beam, the
reference, consists of vectorial encoding of thatuees of the items to be
classified; for example, the encoding of a set onimals by their physical
characteristics. This encoding consists of a ba#k white pattern imparted by a
liquid-crystal spatial light modulator (LC-SLM).Theecond beam, the learning
beam, is also patterned by an LC-SLM, but is notatrthe time. Finally, light
diffracted from the crystal is detected by a chargepled device camera that
performs thresholding functions.

After using the reference and learning beams torce@a null hologram (in
which both beams are uniform), the reference besasent in with the first data
vector. As it illuminates the hologram, the diffied light is detected by the
camera,; the brightest point on the plane is themtifled as the winner. The
learning beam is switched on, creating a hologtaam is centered on the winning
spot but extending to some radius from it. Therewmy beam enhances the winning
hologram as well as its nearest neighbors, so aimmiputs will tend to produce
winners in that area. The process then continutsdifferent vectors each writing
and rewriting their own holograms (an erasing besralso used to improve the
rewriting performance) until the network convergesa single, unchanging map.

In their experiments, the researchers were abshoov that the network could

indeed learn which elements in a data set were molkess similar to each other.
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For instance, in the animal classification expentrtey performed, the network
was able to recognize birds, carnivorous mammailg,rerbivorous mammals as
three separate groups. Furthermore, it was abiectugnize that birds of prey were
more similar to carnivorous mammals than nonpregidizds. Commercialization
may be possible if the remaining problems assatiatgh the photorefractive

material are solved.

BUTTERFLY EFFECT

In 2005, Alexei Erchak at the Massachusetts Institof Technology, in
Cambridge, unveiled a groundbreaking light-emittcthgde that suffered none of
the light losses that can plague ordinary LEDshEkés device was modified with
a special reflective layer and an optical strugtir®wn as a photonic crystal, that
together captured light that would otherwise hagerblost and channeled it into a
useful beam. The design funneled six times as niigth into its beam as an
unmodified one, an improvement that astounded L&4@archers at the time.

Now a UK team says the structure that makes ErshiakDs so special is not
unique after all. Look hard enough and you can find the fluorescent wings of
male African swallowtail butterflies. What is motége structure of these wings is
subtly different from the MIT design in a way thagay offer clues for improving
LEDs further.

This butterfly is found in eastern and central édriand has dark wings with
patches of bright blue-green markings. The markargsnot highly unusual in the
butterfly world, but the way in which they produiteir light is. “This butterfly is
unique, as far as we know, in the way it produader¢’ says Peter Vukusic, an
optical physicist at the University of Exeter, ioushwest England, who has been
studying the scales that make up the brightly emloregions of the creature’s
wings. These scales contain a pigment that abdigiisat wavelengths of around
420 nanometers — roughly sky blue — and radiatas %05 nm in the blue-green

region where butterfly eyes are particularly sevesit
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The trouble with this mechanism is that while lb# fluorescent light radiates
away from the butterfly, the other half radiate® ithe wing structure. That half of
the light would be lost were it not for the extrdioary structure of the scales.

Vukusic discovered that the base of each scaldighdy efficient three-layered
mirror — a structure known as a distributed Bragftector. Light from the pigment
bounces between these layers, interferes consteliGtiand then escapes in the
direction it came from.

Distributed Bragg reflectors are not perfect, hogrevsome light always
becomes trapped on the surface of the reflectori@hukt. But the butterfly has
another neat trick to get around this. Vukusic dmsl colleague lan Hooper
discovered that in each scale, sitting just abdweenhirror, is a slab of material
filled with hollow cylinders of air that run perpdicular to the mirror. These
cylindrical holes channel the light away from theflector, preventing it from
getting trapped. The slab, says Vukusic, is whattapphysicists call a photonic
crystal.

The end result is a highly specialized structusg tonverts skylight into blue-
green light, captures this light, and finally chalsnit out to act like plumage to
attract female butterflies.

Designing LEDs, Erchak solved essentially the samablem by placing a
distributed Bragg reflector beneath his LED anchatpnic crystal above it — just
as nature has done for the butterfly. “Who know Inauch time could have been
saved if we'd seen this butterfly structure 10 gemgo” says Vukusic.

This butterfly may have more to teach. In ErchakiD, with its perfectly
periodic crystal, light is better transmitted atr&oangles than others. But there
may be a work-around in the quasiperiodic structfréhe butterfly’s photonic

crystals.

SCIENTISTS BUILD ULTRALIGHT SPACE TELESCOPE MIRROR
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Telescopes of the future will require larger apesuto gather more light than
the existing Hubble Space Telescope. The challdngdesigners is to create
mirrors of larger apertures that can withstandrtgers of a space-shuttle launch
and meet the restrictions on size and mass. Ire@ tstvard meeting this need,
scientists at the Optical Science Center and Ste@Wdéiservatory at the University
of Arizona, have built and tested an ultralightweignirror designed for use in
geosynchronous Earth-imaging.

The mirror represents an important milestone fa& thiversity of Arizona.
Other lightweight mirrors have been developed at tmiversity using the
lightweight-mirror design, which includes an ultist glass membrane, a
lightweight support structure to provide stiffnessd actuators to control and
maintain the accuracy of the optical surface. Bithwhis mirror, the team has
achieved an areal density of 5.2 k§/the lightest mirror ever made at the state-of-
the-art Optical Sciences Center using the activeomdesign.

“Compare that to the Hubble primary with an aressity of 180 kg/rfi, said
graduate student Dave Baiocchi, who assembled thrermAn areal density of 5
kg/nf is estimated for a successful geostationary tefescln comparison, the
next-best areal density achieved at the center, Nbe&t Generation Space
Telescope (NGST) mirror type designed to replaedhbble, is 12.4 kg/Mm

The team led by James Burge, assistant professastabnomy and optical
sciences, designed the lightweight composite @tigructure using carbon fiber,
ideal for its stiffness  and low weight The framnd back faces are a mere 0.38
mm thick, joined with a webbing only 0.25 mm thidke structure is further
reduced in mass by strategic placement of holesntwitthe front/back faces and
ribs. The actuators, each weighing 5g each, arentaduin 31 reinforced holes
normal to the glass.

The optical surface is a thin, concave glass spelished using conventional
techniques. A large blank of high-quality Zerodursachosen because of its low
coefficient of thermal expansion. To further prac#®e glass, the polished surface

was then attached to a stiff, granite blocking boagding pitch, and excess glass
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was removed using a standard generating machineeparate the glass from the
blocking body, a three-footed load spreader wasdedrto the glass with Dow
Corning adhesive, and the whole part was placeal lerge oven at the Steward
Mirror Lab for 10 hours at 200 C, enabling the glasslide off the granite stone.

The resulting optical surface is 0.5 m in diameted only 1 mm thick. The
mirror, including associated actuators, load speegdreaction structure, and
wiring has a mass of only 1.17 kg. To compensate sigstem instability,
fabrication imperfections and deployment errorg, #ictuators can be adjusted to
control the optical surface to 0.248 wvs rms (wewaf error, root mean square)
and 1.960 wvs P-V (peak-to-valley; HeNe).

Although the current test version of the ultraligbight telescope mirror is too
small in diameter to be of practical use in spdgtire plans may enable 100-m

class telescopes, to be fabricated and launcheegiments for assembly in space.

FIRST OPTICAL LINK BETWEEN SATELLITES USES LASERS

For the first time, an optical data link betweeneBiges orbiting Earth was
established in November 2003 using laser beamsagnal carrier. The satellites
were able to transmit images from space to thergtan real time, promising
much more timely delivery of data in the future eTéxperimental optical data link
was provided by the Semiconductor Laser Intersegdlink Experiment (SILEX)
communications terminal on the French Space Agendyarth observation
satellite, SPOT-4. The SILEX terminal transmittedat similar terminal onboard
the Artemis satellite at 50 Mbit/s with a bit-erfess than 18, Both terminals
were built by Astrium (Toulouse, France), Europefsne space contractor. The
Artemis satellite, launched by the European Spagendy, is temporarily in a
parking orbit at 31,000 km, while the SPOT-4 isitanly Earth at the lower altitude
of 800 km.

For one terminal to locate the other, a 779-nmcapscanning beacon sent out

a search signal. When the light was received asdoend terminal, it sent back a
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signal at a wavelength around 802 nm to estabhsb-way contact. The

subsequent data transmission used 60-mW galliuenals-based diode lasers
operating from 843 to 852 nm, allowing for highefuency direct modulation. The
test established four links, two of which lasted @@nutes. The links were

particularly remarkable for the microradian poigtiprecision required. Because
the two satellites were 30,000 km apart and mowing relative speed of 7 km/s,
pointing ahead of the target was necessary.

These conditions were worst — case conditionshiereixperiment, as Artemis is
in a lower parking orbit, circling the Earth onceesy 19 hours. Once the
spacecraft has been propelled into its final géostary orbit at 36,000 km, the
link between the two satellites will be establislfigd times a day.

Through the laser link, high-definition video imagef Earth taken by SPOT-4
can be transmitted via Artemis to the image-prangssenter on the ground,
which is possible whenever the satellites arena bf sight. Without the Artemis
relay, the images are stored onboard in the mewio8POT-4 and dumped to the
ground stations. With the Artemis relay in plac®(3-4 is expected to spend
significantly less time transmitting data and mtnge recording IR images related
to agriculture and the environment.

Optical data links also allow smaller antennas ams& less power than
conventional radio frequency links, translatingoiat significant savings on mass
and volume for launch. Moreover, because the radguency window of Earth’s
atmosphere is so crowded by broadcasts and comatiams of every type, the
optical window allows an open link, relatively freginterference.

Built in Europe by a consortium of companies fanrleh from the European
launch base in Kourou, French Guiana, Artemis isatellite for testing and
operating new telecommunications services. Its quepose is to demonstrate
affordable, wide-coverage mobile communication®lbtt services, and to test

direct satellite-to-satellite communications, irdthg this revolutionary link.

DESIGN SOFTWARE
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Fast personal computers will use®Xentury software to solve many optical
design problems at once. No one can doubt thasitigde most important factor
driving optical design software is the availabildy very inexpensive, very fast
personal computers. When it was first released,|BM PC could have traced
about 200 rays per second through a 10-surfaceabstystem. Today a $1000 PC
can trace well over a million rays per second.

Where will this take us in the 2Tentury? The scientists think that the days of
“Let's do what we used to do on mainframes, busldb it on a PC” are over.
Now we are looking at producing fully integrateddes capable of optimization,
tolerancing, illumination, scattering — in shorg@mplete solution in one package.

A few years ago, what you would have bought wasfavare package — and a
good package, mind you — that assumed your opgigstem was composed of a
series of surfaces, hanging in midair, with all thkeresting stuff being refraction,
reflection or diffraction at the surfaces. What Yloget now is quite a lot more
exciting. Any designer knows that real lenses drgist surfaces; they are whole
objects with edges, bevels, scratches, bubblessanuh. In real optical systems
some light always reflects when it should refractd that light has the annoying
habit of getting where it shouldn't.

Twenty-first century optical design software candaoa system as a group of
optical objects, not just surfaces. These objeeis bave a complex set of
properties, including scattering, that change jbere the light hits. You can
design these objects, like lenses, mirrors andadifion gratings, within the lens
code, or you can make them completely arbitrarghape and just import them
from a computer-aided design program.

What's more, the object scene that your systenodakihg at is a lot more
realistic. Instead of calculating based on simp@fsources, you can use 24-bit
color images or even measured data taken fromldam@ source. And you can
get output in candela, watts per square meterahgkso on. You can use as many

sources as you like, with as many detectors adieuwherever you like.
24



TESTING IMPERFECTIONS

Another area where software is evolving is in tah@ing a system. This is
where you have to face up to the fact that nobady rmake a perfect system, so
you need to understand what happens when thing4 @exfect. This used to be
done on a surface-by-surface basis, but now youcae an alignment procedure
and execute it just the way the technician will wisbe builds the system.

For example, imagine building and aligning a systesrnfollows: You adjust
lens elemenfNe2 up and down so that you can center a test las@mbon the
image. You then remove the laser beam and insetite light source. Then you
shift elementNe4 along the axis until you achieve the proper miaation. You
reject any lens that fails this test. Then you sidibe back focus to maximize the
on-axis modulation transfer function, and you rejaaything that doesn’t meet
your criteria. Next, you measure distortion anecejpnything that is over a limit
that you have set. Finally, you measure the momulatransfer function at five
field points and write the values on the test sheet

When you can do all of this in one sitting, youinet just tolerancing the
surfaces, you'’re tolerancing the entire systemyand alignment procedure. This
IS many times more complex than simple surfacedal@ng. So where is optical
design software heading? Expect to see even maabstie modeling of
everything. Expect to see features that used tm lt&o or three separate codes
appearing in a single program. And best of all,eetpo get more for your money.

ETHERNET WINS OVER INDUSTRIAL AUTOMATION

Pronouncing “Ethernet” in the same sentence a®faation” was heresy just a
few years ago. Now, it seems, every process cosysiem, every programmable
logic controller, and every form of remote I/O daconnected with some form of

Ethernet. All of the fieldbus consortia are raciagedefine their basic protocols so
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that they work over Ethernet and the Internet proi® They are now all based on
some Internet protocol over Ethernet. What happ2ned

First came the resolution of the “determinism” gesh. The original Ethernet
protocol adds a delay before resending a messdge @étecting a collision
between it and other messages sent at the sameSore measurable probability
exists that any given message will be delayed leyrétwork itself. Since the
delay, as well as how long it would take a messegde received, is not
predictable, the network is nondeterministic.

The answer is to avoid all collisions by using atewed architecture, one that
creates a private network segment for the competerinal node and the switch.
With only a single Ethernet address on each segrttegre can be no collisions,
and therefore , the network is deterministic. Htleérswitches have been very
expensive; now they are not, thanks to cost reduostiof very large scale
integrated circuits and fast RISC computers.

Once determinism is assured, the high Etherneidsae#00 Mb/s and low cost
outshine the low speed and high cost of all prégnenetworks and all fieldbus
networks. However, secondary problems must stithdddressed. These include the
common industrial practice of powering field dewciEom the data cable; the
fragility of common RJ45 connectors, used withadfEthernets; lack of hardware
safety validation; and the overhead of the Intepmetocols. The process industries
also have some concern over the lack of intrisafety barriers for Ethernet. Each
of these problems is being eagerly tackled by comgsaand consortia, so alluring
are the low-cost and high-speed benefits.

FIELD INSTRUMENTS AS WEB SERVERS

The primary push toward Ethernet in industrial awdtion is the desire to
increase the bandwidth to the end device, enalilimgbecome a participant in the
World Wide Web. Many have asked why a field insteminneeds to be a Web

server. There are probably thousands of ways ta@dae value of field devices,
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but only the Internet route provides such broadpsupwithout requiring any
custom host software.

The Web server model provides a platform-independisnal interface and an
assortment of scripting languages such as PerlDand. Extensive computations,
such as dynamic graphics, can also be configunredlint-side execution so that
the field instrument does not need a powerful nposoessor. Hot links to vendor
servers for maintenance and repair literature asgyesupported, eliminating the
need to store and update these manuals locally.

All these functions have been available for sevgedrs, but have not been

practical with slow communications links. Now, wikiigh-speed Ethernet, they
have become very practical.

FIBER OPTIC AMPLIFIERS

Optical amplifiers will soon become smarter. To tneense wavelength
division multiplexing needs, erbium-doped fiber diffrgrs boost optical signals
across multiple wavelengths. As communicationsesgstadd more wavelength,
however, erbium-doped fiber’'s challenges are bewgnmcreasingly apparent.

Erbium-doped fiber amplifiers are assemblies, idiclg pump lasers, passive
components, erbium fiber and a microprocessor. Ash,stheir manufacture
represents an inherently difficult, labor- and 4estnsive assembly process. They
are also expensive and noisy. When they managé¢estias traffic at speeds of 2.5

to 40 Gb/s, as in long-haul communications, thegt ¢s reasonable.
THE METROPOLITAN DIFFERENCE

In metropolitan area networks, optical losses ocmirbecause of distance but

because of switching and wavelength managemenaudecthese networks cover
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short distances today, amplifier cost is stillicat. However, as channels increase,
the focus will turn from cost to efficiency and eagy issues, mirroring trends in
the long-haul business.

In the future, the goal is to create an optical l#mep manufacturing platform
that integrates individual optical components suwh isolators, wavelength
combiners and splitters, and pump modules. Thisldvptoduce devices that can
accomplish such tasks as power monitoring with qtetectors. Future
manufacturing must be flexible enough to satisfyedse customer specifications
while achieving economies of scale in the manufaaguprocess. To do this, the
manufacturing must be automated, modular and rapksat

Furthermore, the devices will be “smart”, featuridgnamic gain control
capabilities across various architectures. Thdgalatwill control optical add/drop
or gain flatness variations from different typesfiber or span adjustments in the
system. A feedback loop will monitor channels se $imart amplifier can control
gain and maintain gain flatness within a very smatige despite optical add/drops
and varied system architectures. This will ensbe¢ the gain will always remain
flat.

Ever-increasing channel densities may require newcgs of gain, beyond
what an erbium-doped fiber amplifier can practicadichieve. Higher optical
power and lower noise will result when Raman angf become more prevalent.
Today erbium-doped fiber amplifiers with continuemave sources use external
pumps to create a gain medium for amplifying theicap signal. A Raman
amplifier uses a nonlinear effect with an embeduaser base as a gain medium. A
high-power laser pumps the fiber in the reversedtion from the signal, and the
nonlinearity of the fiber amplifies it. The advagéais a very high pump power
gain with very low noise.

Raman amplifiers have not been feasible becaugerdagire pump lasers that
can provide on the order of 500 mW. Soon, howetrerse pump modules will
become cost-effective to build and manufacture.nTHeaman amplifiers will

become an increasingly important aspect of 10 - 4hd Gb/s optical amplified
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systems. Like erbium-doped fiber amplifiers, Ramamplifiers will perform

dynamic gain control to maintain gain flatness.

SEMICONDUCTOR AMPLIFIERS

Another technology will also make its debut withime next several years:
semiconductor optical amplifiers. These deviceseldaon indium — phosphide
technology, add amplification where it is neededgwd to per-channel
amplification. The gain medium and amplificatior @t the chip level. Typically,
a very small chip would be incorporated into a gs&ckage, receiver package,
optical switch, multiplexer or demultiplexer to sgeme optical losses.

These devices will add gain quickly and inexpergivehen and where it is
needed. They will meet the evolving performancst emd size criteria, surpassing
erbium-doped fiber amplifiers in functionality. Eueally, intelligent optical
amplifiers will evolve to in-line, per-channel anfi@drs comprising a transmitter,
receiver and preamplifier. They will become so loest that a high-performance

optical amplifier will always be readily available.

INDUSTRIAL LASERS

The market for industrial lasers has largely beemidated by high-power CO2
and lamp-pumped Nd:YAG lasers. These devices haweided cost-effective
access to high-power infrared and visible laserssion for applications that
include cutting, drilling, welding, heat treatingcamarking.

In the coming years, the laser marketplace will sigaificant gains for three
relative newcomers in the industrial laser galleHigh-power semiconductor
lasers, diode-pumped solid-state lasers and udtrédaers will all make inroads in

industrial infrared and visible laser applications.

HIGH-POWER, SMALL BOX
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Semiconductor lasers are being scaled to high posieg multibar modules,
two-dimensional stacks of 40-W bars emitting huddréo thousands of watts of
near — infrared power from one package. Their caih®ze and electrical
efficiency make them very attractive for industragplications. Kilowatt diode
stacks are small and light enough so that the gckan be integrated directly into
robotic arms. This eliminates the need to instalnplex and expensive beam
delivery systems.

In addition, their electrical efficiency (approxitely 50 percent) is much
higher than gas and lamp — pumped solid-state equents. The low utility
consumption is especially beneficial for factotiest use many laser systems.

Diode stacks do have limitations. The spatial bé@m diode stacks is highly
multimodal, and working distances are relativelgrshThis limits their ability to
process fine structures. In addition, semicondulasers do not store energy and
therefore can not produce high energy pulsed output

Still, kilowatt diode stacks are nothing short ofesvolution in industrial laser
technology. They are quickly finding applicatiors heat treating and welding.
Commercial products are available from a few lamanufacturers, and research
institutions are building impressive portfolios iaflustrial applications for diode

stacks.

DIODE-PUMPED LASERS

For applications requiring better mode quality, hhigulse energies or
alternative output wavelength, users are incre@sitgning to diode-pumped
solid-state lasers. These devices have been akailab slightly more than 10
years and have penetrated the market for low-p@ess than 20 W) devices.

Because of their high pulse stability, good modalitguand long maintenance
intervals, they have filled a niche for precisioaterials processing applications.

These “high finesse” applications include memonyaige hard disc texturing, fine
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circuit trimming, solar — cell scribing and preoisimarking. In some cases, the
lasers have become enabling devices, opening uaigs that other types of
lasers cannot address.

Diode-pumped solid-state lasers in the 20- to 100cMss will become
prevalent in the next few years for general-purposarking and materials
processing.

Because CO2 and lamp-pumped Nd:YAG lasers domitetge applications,
cost is a main driver, and laser manufacturersredpond with more cost-effective
diode-pumped laser designs. In fact, a few comraketaser manufacturers have
already announced diode-pumped products with pdensls exceeding 1 kW.
These systems are more efficient than their lampgad counterparts and provide
better spatial mode output, making them attradager sources for industry.

Another trend for diode-pumped lasers is the foensindustrial packaging.
Conventional solid-state lasers have been desigoedregular and frequent
maintenance. Because users replace arc lamps 20@rp 1000 hours, they have
become accustomed to regular cleaning and reafigefiroptics. With lifetimes of
thousands of hours, field-replaceable diode-pumpedrces require minimal
maintenance and their ultimate replacement requm@soptical realignment,
allowing the cavity to be environmentally sealed. skaled optical cavity
eliminates contamination as a failure mechanisnes&émew design philosophies
further reduce maintenance and cost of ownership kamg the diode-pumped

solid-state laser closer to becoming a black box.

ULTRAFAST LASERS

Although farther out on the commercial horizonraftist laser systems with
subnanosecond and subpicosecond pulse duratiohstait to find a niche in
some micromachining applications.

Typical ultrafast systems are based upon mode-tbekéid — state oscillators,

often coupled with an amplifier system to providghhpeak powers for material
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removal. Short pulses minimize the heat — affedede in the material, which
benefits certain microdrilling and microstructurigplications. The electronics
and medical device manufacturing industries mayl frequirements for such
capabilities soon.

Ultrafast laser systems are new to the industriath@ and so far are limited to
manufacturing research centers. They have yemntb rfiainstream acceptance in
industrial applications, where manufacturers vaité the challenge of producing

lasers that live up to industrial design and patigagxpectations.

UV LASERS

Predicting the future can be a treacherous affaithis technological age
because each advance creates a universe of urgdorapplications. Nevertheless,
companies need to navigate technological discoitissuto complete in the 21
century, and that means knowing how to spot anct teanarket trends.

One application trend vital to the future of UV das makers has been the
miniaturization of electronic devices brought on &y explosive demand for
communications and information technology. As dednancreases for portable
gadgets such as palm-top computers, personal aeganicell phones and pagers,
circuit designers are dreaming up ways to squeexe glectronics into less space
on a mass-produced scale.

The demand from electronics manufacturers hasedtaaipetus for evolution
in lasers. The complementary technologies of excitiede-pumped solid — state
and argon-ion lasers should continue to be a hambmation to beat in the UV,
whether it's drilling micro — via holes in printedrcuit boards, direct — imaging
printed circuit boards, writing fiber gratings onllshg microholes in angioplasty
balloons and marking catheters. Together, theserdawill meet many of the
challenges of ZLcentury mass production.

UV lasers are uniquely suited for fabricating thienmscopic features in high-

density circuits because the shorter — wavelengltit focuses into a smaller spot.
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Moreover, the high energy of UV photons severs dhemical bonds of many
materials rather than thermally ripping them apdarhis “cold” process of
photoetching — called photoablation — producesufeat with very clean edges.
Because most materials readily absorb UV light, la¥ers can often perform

materials processing that is impossible with irdcaor visible lasers.

EXCIMER DOMINANCE

Excimer lasers have long dominated UV materiale@ssing and will continue to
play an important role. Because these lasers geneigh peak energy and average
power, they are a logical choice for drilling, miawk and microlithography.
Because the focused spot size from an excimemigell by poor beam quality,
manufacturers typically use photomasks or retidiesdefine micromachined
patterns. The toxic gases and large footprint afre@rs also can be a concern in
manufacturing environments.
Frequency — tripled, neodymium — doped solid —eslasers deliver much better
beam quality in the UV, but until recently they kad the average power,
repetition — rate flexibility and system reliabjliessential for cost — effective
micromachining on a mass scale. Recent developrhentschanged the situation:
1. Long-lasting laser diode bars efficiently pump lasedia.
2. High-efficiency frequency-tripling crystals exhitbetter than a 1000 — hour —
lifetime — per — crystal spot.
3. Manufacturers have developed permanently alignednétically sealed laser
heads.

With these improvements, the average power outpuh fa diode-pumped
solid-state laser can exceed 3 W at 355 nm andlse pate of 15 to 20 kHz.
Furthermore, automated control of internal optiaa ensure optical performance
and beam quality at pulse rates from single shdiO® kHz with no tweaking or

adjusting.
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The resulting power and reliability have transfodnéV diode — pumped solid
— state lasers into compact, powerful and depeerdabik — horses for round — the
— clock manufacturing operations without sacriftcithe flexibility and beam
guality needed for many applications, such as micv@ drilling and flex — circuit
patterning.

LIFETIME OF RELIABILITY

Laser systems that can function for more than IDJ@8urs without servicing
can be buried deep inside automated production imagh and that makes them
viable tools for mass-produced microelectronics. &@mple, the Avia 355-3000
from Coherent Inc. can drill 30-mm via holes innpeid circuit boards at a rate of
more than 400 holes per second, 24 hours a dagnsgays a week. A user can
also vary the pulse rate on the fly for optimal mmachining of multilayer
materials.

The same doctrines of reliability, versatility aménds — off control will
continue to govern materials — processing appbaatifor UV argon — ion lasers
too. Circuit - board manufacturers already rely the stable, high — power
continuous — wave output of UV argon — ion lasarthe direct imaging of circuit
boards with features of 50 mm and smaller.

Frequency — doubled ion lasers with output at 244 are the reference
standard for writing Bragg gratings into opticdddr. These gratings are used in a
variety of telecom applications, most notably densavelength division
multiplexers. Plasma — tube consistency and lifetias well as intelligent user
interfaces and programmable control, will remairpartant laser considerations

for these applications.

ETHERNET'S WINNING WAYS
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Ethernet networks are winning big in manufacturangomation and process
control — and for good reasons: they save monettadsimplify operations. By
2007, the market for Ethernet networks that contiexfactory to the higher levels
of business operations and supply chain manageserpected to reach US $3 —
5 billion, according to Paul Scanlon, senior prognaanager of a newly formed
joint venture, that designs, installs and serviodsistrial networks. The company
projected that the manufacturing and process contevket “will be nearly 100
percent Ethernet within the next four years.”

Already, at least 5 percent of the manufacturingl @mocess plants have
Ethernet based systems on the production floor.|&Nthis is still a small
percentage, Ethernet capability is becoming suchingmortant factor in the
industry that the various industrial fieldbus camiso are redefining their
communications protocols to work with both the Etiee and the Internet.

The advantages in using Ethernet-based networksamufacturing speak for
themselves. Not only are they faster than most ety systems, but they are
also distinctly cheaper. An off — the — shelf bo&od connecting a PC to an
Ethernet costs anywhere from $20 to $50, versu® $8%900 for a board for a
proprietary system. Furthermore, Ethernet connigégtiy available at data rates of
up to 1 Gb/s, and 10Gb/s is under development.speediest proprietary systems,
by contrast, top out at 12Mb/s.

The industry has seen a lot of Ethernet progresthenlast two years. The
technology has been making inroads particularlytna lowest levels of the
manufacturing automation and process control hiésar where actuators and
sensors, control, and data acquisition call fotiseitond decisions. At the higher
levels of operations, such as scheduling and supp&in management, where
decisions are made typically in a matter of hotlrs,technology has been in use
for several years.

A fringe benefit of the Ethernet's growing accemtans a wealth of new
automation products, each Web-enabled and witlovits Internet protocol (IP)

address. Among them are programmable logic coetslipower monitors, panel
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meters and signal conditioners. The units resportti¢ seven — layer standard of
the Open System Interconnect networking protocoldger 1 (the physical layer)
and layer 2 (the data-link layer). With this cagiiplant operators and managers
can gain access from anywhere on the Internette @aplant operations, as well
as, to units on the factory floor.

Making the Ethernet more attractive for factoryaamiétion, too, is its update to
a switched Ethernet — that is, the network nowval@ direct connection to be
established between the sending and receiving ndthes advance eliminates the
collision of messages that can occur in an ordi@hernet network where all the
nodes are connected to the same link. In this m&waomessage from node A to
node B will collide with a message sent at the sime from node C to node B.
The sending nodes then must stop and resend thessages at a randomly
determined later time, an obvious problem in adigcautomation system.

Other useful features of the enhanced Ethernetidieclts ability to support a
large number of ports and devices, and its veityatil running on low — cost
twisted pair cable, noise — immune optical fibercoaxial cable.

One example of a recent Ethernet application tlaat laorked well is a pilot
project on the production line for vinyl windows iGermany. The entire
production line is based on Ethernet technologychime tool controllers on the
factory floor communicate directly with a higheupgrvisory — level network in
which the company’s enterprise resource planningREdata — base resides.
Instructions for the controllers on the floor aeatsfrom this database.

For example, after a window frame has been weldeel,corners must be
cleaned of welding debris by a numerically con&gdlmilling machine. To do this,
the dimensions of the frame are sent over an Etheonnection from the ERP
and fed into the control algorithm that guidesriibing machine.

The production line uses six prototypes of Ethernleised controllers, made in
Germany. A program for the production process srithuted to each controller,
and each carries out its part of the program. Timiés wcontrol such actions as

measuring the vinyl stock, cutting to size the faquieces for each frame,
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positioning and clamping the pieces before weldargd controlling the welding
temperature.

In this distributed intelligence architecture, eammtroller is essentially an
Ethernet switch connected to I/Os and servo cdetslOne such controller runs a
13-axis milling machine that cleans the four cosn@rthe window frames after the
welding. Each controller has its own IP addresslanll — in Web server, and all
the controllers are interconnected through a 10@sNHthernet run with a TCP/IP
protocol. With this setup, any authorized compuisgr with a browser anywhere
can access the network, send and receive datagserd modify control tasks.
Access to the plant takes place via a bridge aerouith a firewall.

In contrast, typical factory automation system&mwfhave programmable logic
controllers from different vendors, each with itsoprietary fieldbus. Each
controller has to be programmed for the tasks atthancluding communication
with each other and with the enterprise’s softwatea higher level. Such a
customized setup is a labor intensive and time fAswming. Commercial
production of the controllers is expected to begithe first quarter.

Ethernet control schemes are best used in newitiegilrather than for
retrofitting existing plants, where it may not benihwhile to replace existing

control equipment.

NANOTECHNOLOGY: WHAT WILL IT MEAN?

Nanotechnology will make us healthy and wealthyutitonot necessarily wise.
In a few decades, this emerging manufacturing tw@ogy will let us
inexpensively arrange atoms and molecules in mbsh® ways permitted by
physical law. It will let us make supercomputerattht on the head of a pin and
fleets of medical nanorobots smaller than a hunelhable to eliminate cancer,

infections, clogged arteries and even old age. IBewpl look back on this era
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with the same feelings we have toward medieval dimevhen technology was
primitive and almost everyone lived in poverty afed young.

Besides computers billions of times more powerhdnt today’s, and new
medical capabilities that will heal and cure inesathat are now viewed as utterly
hopeless, this new and very precise way of fabngatroducts will also eliminate
the pollution from current manufacturing methodl&tular manufacturing will
make exactly what it is supposed to make, no mork ra less, and therefore
won't make pollutants.

When nanotechnology pioneer Erick Drexler firstedhto publish this vision
back in the early 1980s, the response was skepétakest. It seemed too good to
be true, and many scientists pronounced the winahg impossible. But the laws
of physics care little for either our hopes or tears, and subsequent analysis kept
returning the same answer: it will take time, usinot only possible but almost
unavoidable.

The progress of technology around the world hasadly given us more precise,
less expensive manufacturing technologies that weke an unprecedented
diversity of new products. Nowhere is this moredewt than in computer
hardware: computational power has increased expatgnwhile the finest
feature sizes have steadily shrunk into the ded&mguwon range. Extrapolating
these remarkably regular trends, it seems clearevii@’re headed: molecular
computers with billions upon billions of moleculswitches made by the pound.
And if we can arrange atoms into molecular comptehy not a whole range of
other molecularly precise products?

It has taken decades for the bulk of the reseaorhnmnity to accept the
feasibility of this vision. But when the Presidefthe United States in 2005 called
for a US $500 million National Nanotechnology lattve, we knew

nanotechnology had reached critical mass.

VISIONS OF GOOQOD, VISIONS OF HARM
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Some people have recently realized that nanoteabpomight create new
concerns that we should address. Any powerful @clgy can be used to do great
harm as well as great good. If the vision of naclm@logy sketched earlier is even
partly right, we are in for some major changes -bigsas the changes ushered in
by the Industrial Revolution, if not bigger. How osihd we deal with these
changes? What policies should we adopt during éweldpment and deployment
of nanotechnology?

One solution to these potential problems, propdseill Joy, cofounder and
chief scientist of Sun Microsystems Inc., would tbe“relinquish” research and
development of nanotechnology to avoid any possitileerse consequences.

This approach suffers from major problems: telliegearchers not to research
nanotechnology and companies not to build it whesre are vast fortunes to be
made, glory to be won, and national strategic egey at stake either won't work,
or will push research underground where it can’tdgilated. At the same time, it
will deprive anyone who actually obeys the ban ahgnbenefits nanotechnology
offers.

If a ban won’t work, how should we best addressatecerns that have been
raised? The key concerns fall into two classesbeerdte abuse and accidents.

Deliberate abuse, the misuse of a technology byesamall group or nation to
cause great harm, is best prevented by measured basa clear understanding of
that technology. Nanotechnology could, in the fefure used to rapidly identify
and block attacks. Distributed surveillance systewmsld quickly identify arms
buildups and offensive weapons deployments, wigletér, stronger, and smarter
materials controlled by powerful molecular compsiteould let us make radically
improved versions of existing weapons able to reddo such threats. Replicating
manufacturing systems could rapidly churn out tleeded defenses in huge
quantities. Such systems are best developed byinoomd a vigorous R&D
program, which provides a clear understanding & potential threats and

countermeasures available.

39



Besides deliberate attacks, the other concern as & self — replicating
molecular machine could replicate unchecked, camgemost of the biosphere
into copies if itself.

While nanotechnology does propose to use replicgtmreduce manufacturing
costs to a minimum), it does not propose to copwd systems. Living systems
are wonderfully adaptable and can survive in a dermmatural environment.
Instead, nanotechnology proposes to build molecoiachine systems that are
similar to small versions of what you might find taday’'s modern factories.
Robotic arms shrunk to submicron size should be &blpick up and assemble
molecular parts like their large cousins in faceraround the world pick up and
assemble nuts and bolts.

Unfortunately, our intuitions about replicating ®/®ms can be led seriously
astray by a simple fact: the only replicating systemost of us are familiar with
are biological self — replicating systems. We awboally assume that
nanotechnological replicating systems will be samivhen, in fact, nothing could
be further from the truth. The machines people niadar little resemblance to
living systems, and molecular manufacturing systere likely to be just as
dissimilar.

An illustration of the vast gulf between self —Ireg@ting biological systems and
the kind of replicating robotic systems that midig made for manufacturing
purposes is exponential assembly, a technologectlyrunder investigation at the
company, Zyvex Corp., in Richardson, Texas. Zyvexdeveloping positional
assembly systems at the micron, submicron, and aulale scale. At the micron
scale, using existing microelectromechanical systesuohnology, the company is
developing simple pick-and-place robotic arms taat pick up relatively complex,
planar, micron-scale parts made with lithograpkithhology and assemble those
planar parts into simple three-dimensional robatms that have the ability to pick
up specially designed microelectromechanical systearts. Called exponential

assembly, this replicative technology starts withkiragle robotic arm on a wafer
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that then assembles more robotic arms on a faciagrmby picking up parts
already laid out in precisely known locations.

While the number of assembled robotic arms careas® exponentially (up to
some limit imposed by the manufacturing systemsy, #ssembly process requires
(among other things) lithographically produced paras well as externally
provided power and computer control signals to dmate the complex motions of
the robotic arms. Cut off from power, control signaand parts, a micron-sized
robotic arm would function about as well as onat®flarger cousins taken from

one of today’s automated assembly lines and dropyiedhe middle of a forest.

GUIDELINES TO PRINCIPLED DEVELOPMENT

To avoid any possible risk from future (and perhajmse ambitious) systems,
the scientists have written a set of draft guiddirio inform developers and
manufacturers of molecular manufacturing systems tw develop them safely.
The guidelines include such common sense princgdestrtificial replicators must
not be capable of replication in a natural, uncal@d environment; they must
have an absolute dependence on an artificial forelce or artificial components
not found in nature; they must use appropriater efetection code and encryption
to prevent unintended alterations in their blueggriand the like.

The guidelines have been reviewed at two subsequmierences. Since our
understanding of this developing technology is ewgl, and will continue to do
so, the guidelines will evolve with it — represagtiour best understanding of how
to ensure the safe development of nanotechnology.

Nanotechnology’s potential to improve the humandttoon is staggering: we
would be shrinking our duty to future generatiofswe did not responsibly

develop it.

DEREGULATION MAY GIVE A BOOST TO RENEWABLE

RESOURCES
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Power industry deregulation has confronted the agerconsumer with yet
another set of problems, including confusion alwubm to buy power from — or
even what that means. So far, benefits seem eludiveer regulation, some public
utility boards had adopted modest incentives tmerage use of renewable forms
of energy. Under deregulation, the consumer mustidevhether to use renewable
resources. So there may be more demand for gresarpo the energy mix. At
least, environmentalists hope so.

Green power is the general term for energy froneweble resources. The
exact definition, however, can vary by state andinty. Green power is
consistently considered to include energy from rsglanels, the wind, and
hydroelectric and geothermal generating faciliteasg not to include energy from
nuclear power or oil- or coal-powered generatingjlitees.

Today, the main sources of green power availableotwssumers around the
world are hydro, biomass, and geothermal. But #s¢éekt — growing green source,
in the United States and internationally, is thadviln California, one of the first
states to open its utilities to competition, comparare opting to pay green power
companies to provide their electricity. By last soem, green power was being

competitively marketed to retail customers in fetates.

NO GREEN ELECTRONS

Physically, consumers of green power get it dowa $hhme wires as their
brown power neighbors; nothing distinguishes “gfee&tectrons from their
counterparts generated in less environmentallynditieway. So how do they buy
green power?

Typically, a customer opting for green power pay® tcharges: one for
transportation, to the company distributing powecally, and the other for
generation to a green power company. Traditionalgpaconsumers pay a fee to

one regional power company that covers both geperand distribution. The
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green power company then must put onto the power the same number of
kilowatt — hours of electricity from a renewablauste as it has sold. In effect, it
must constantly up its investment in renewable gghars it grows its customer
base.

So far, of nine million residential power customer<alifornia eligible to buy
green power, only 2 percent have. In Pennsylvasianore than five million
power customers eligible to buy green power, 1&g have done so, because
market rules there do more to encourage switcldag. these percentages have an
environmental impact? “It has a great impact,” sdge Costello, an energy
consultant with the Center for Energy Efficiencyld®enewable Technologies.

First, he explained, giving people an opportunityshop for electricity forces
them, for the first time, to think about where dantes from. Second, the ability to
market green power gives the renewable energy indasnew revenue stream.
Previously, this industry had only the utilities tely on for financing, and the
utilities had not been very enthusiastic abouta¢t®ve sources of energy.

The first customers to purchase green power wezeckiissic early-adopters.
But as people warm to the idea of selecting a p@r@vider, more are expected to
choose green power, even though it may cost marstello believes that since the
early adopters of green power have had to makecaa effort to purchase it, at a
premium cost, they are likely to become lifelongtomers as the costs go down.

These early customers have caused a modest ingrettge amount of energy
produced by renewable resources. One company, Xam@e, has installed a
number of new generators as a result of green povders from customers: three
600-kW wind turbines in California, a 10-MW windrifa in Pennsylvania, and
three photovoltaic systems, the largest, in Berlali a 100-Kw capacity.

“Think of the power grid as a pool of water beiregl ffrom streams that are
dirty and streams that are clean”, said Terry Betergreen power marketing
manager at the Electric Power Research Institlftgoti turn up the flow from the
clean streams, the water in the pool gets cleamatially, growth in demand for

electricity will mean that more gas-fired powermgwill be built. But, Peterson
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projected, when the total green power market lsenrto some 20 percent of the
total power market, the need for nonrenewable gnentj be cut by some 15
percent, as compared to a business — as — usued.fétnd if costs of renewables
go on declining, as many expect, the renewabletenbof total energy use may be
50 percent by 2050.

THE MYTH, THE LAW, AND THE SPECTRUM

The cost of spectrum has risen to stratospheraglddwecause of the myth that it
Is scarce. Yet, there has never been a true sleortagpe in which services were
withheld from the public solely because no spectmas available. And there
never will be such a shortage, at least not duhedifetime of anyone reading this
magazine.

Despite the cellular industry’s explosive growthrgle segments of the radio-
frequency spectrum are still unused or underutliz®ne reason is outdated
utilization rules. The rules for television, forarple, were created over 50 years
ago, based on then-current technology. Once matigital technology is adopted,
two-thirds or more of that spectrum could be madelable for other uses.

Such freeing-up of spectrum is not new. When Marammducted the first
radio transmissions in 1895, the energy from helspgap transmitter occupied the
entire usable radio spectrum. The first transattamansmission in 1901, which
blanketed an area of millions of square miles, esgzable of sending only a few
bits per second. In fact, only a single such trassion could be accommodated on
the surface of the earth using that technology.

How things have changed!

We can now conduct a million voice conversations, eguivalent data
exchanges, in the usable radio spectrum in ondidmcaA voice channel with a
bandwidth of 30 kHz can now deliver about 10 kBisithermore, cellular systems
today allow the radio spectrum to be reused 10 gimme more within the

boundaries of a single large city.
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One way to measure the improvement in usage i®ntapare the number of
voice conversations or equivalent data transactitrad theoretically can be
conducted in all of the useful radio spectrum cvgiven area at a given period in
time. It may amaze you, as it did me, to learn,tlat average, the number of
channels has doubled every 30 months for the fstygars. According to this
observation, there are 40 doublings in the numbehannels in a century, which
means that the effectiveness of spectrum utilimatro personal communications
has improved by a factor of about a trillion sid&®1.

Focusing on the most recent period, it improvedilaom times since 1950. Of
that million-times improvement, roughly 15-timessamie result of being able to
use more spectrum (3 GHz vs. 150 MHz) and 5-timas from using frequency
division, that is, the ability to divide the radspectrum into narrower slices (25-
kHz channels vs. 120-kHz channels). Modulation negpies — like FM, single
sideband, time-division multiplexing, and varioygeoaches to spread spectrum —
can take credit for another 5-times or so. Butlith@s share of the improvement —
a factor of about 2700 — was the result of effedyivconfining individual
conversations to smaller and smaller areas — wisatcall spatial division, or
spectrum reuse.

In the future, spectrum reuse will be even moreartgnt than this 2700 factor
reflects. For one thing, the gains from other téqines can be costly, and often
compromise voice quality. For another, we have agxéd about as much in
spectrum efficiency as we can from improved fregqyedivision and modulation
methods.

Shannon’s Law, which states that channel capasitglirectly related to the
product of bandwidth and the log of the signal —tooise ratio, teaches us that
there is only so much information that can be @&séd in a given bandwidth with
a given signal — to — noise ratio. That is a baekl, and all the hyperbole in the
world cannot penetrate it.

There is no such limitation on the reuse of ragectrum. If we are clever

enough, we can create reliable, broadband wirelessections between any pairs
45



of points we choose — even if the points are séparay only a few feet. Doing
that would increase the effectiveness of spectrgm by 10 million times over
today’s capabilities.

If we approached that 10 million times improvemantthe current rate of
doubling every 2.5 years, it would take 58 yearsytach time we would have the
capability of delivering the entire radio frequenspectrum to every single
individual.

Is this all fantasy? Not at all! Thanks to advanicesligital signal processing
(both hardware and software), there are today mntben 50 000 personal
communications base stations that use adaptivey giracessing to enhance
capacity, reduce cost, and improve robustness aofinumications for some
millions of subscribers.

In adaptive array processing systems, a traditisimglle antenna is replaced by
an array of antenna elements. The output of thieseeats is digitally processed in
real time to determine how to combine the recemed transmitted signals of each
antenna element to best support a desired conmersetile rejecting all others.

Instead of broadcasting an individual user’s infation all over the map, the
array effectively delivers RF energy to that usenal it avoids sending energy to
other receivers using the same radio channel. (Rieceis reciprocal; the adaptive
processing system listens only to desired signadsrajects others.) The result is
the ability to conduct many more conversationsny given area and with a given
amount of radio spectrum.

The technology will extend its commercial reacloiititernet access systems
and GSM cellular networks this year and into tlgetheration cellular systems by
2007.As it becomes more pervasive, it will helpial new and valuable services
to more and more people, thereby improving theadpctivity and raising their

standard of living.

CHANGING THE STRATEGY FOR EXPLORING SPACE
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Published in 1968, a year before a man set fooh®@moon, Arthur C. Clarke’s
“2001: A Space Odyssey” seemed to offer a glimggbe future. Well, 2001 has
arrived, and we have yet to accomplish the featsk@& mentioned in his science
fiction masterpiece. Unlike his HAL, no computemcearry on an intelligent
conversation with a human being. Nor do small gtdiersettlements exist on the
moon. And we haven’t built a spaceship to transpaorselves to other planets.
Instead, unmanned spacecraft have made, and witlnce to make, the major
discoveries in space exploration.

What went wrong? Should we abandon our dreams dchumans to explore
space? The odds are that machines alone can glubtH&o the answer is: probably

yes, but possibly no.

HUMAN SPACE FLIGHT

In May 1961, President John Kennedy challenged UWmited States to
“...commit itself to achieving the goal, before thiiscade is out, of landing a man
on the moon and returning him safely to Earth.” MA8as given a blank check
for the task, and succeeded magnificently in JA9l

Since then, why have no programs built on Apollcatid gone beyond the
moon? The answer lies in why Kennedy wanted tohgoet in the first place. It
wasn’t to explore space, but to gain internatigraktige. The entire program was
an exercise in symbolism, melodrama driven by tbkl ®@Var rivalry between the
United States and the Soviet Union.

Had the Soviets gone on to land a cosmonaut ortwthe moon after Apollo
Il, then we would probably now be celebrating thenigersary of the first
American walking on Mars in the 1980s. However, 8wviets never got to the
moon, so the United States never attempted to ¢datrs. In July 1969, the space
race abruptly ended. NASA was praised, and rewawddd drastic budget cuts

during the 1970s, proving that even in space, \ghat up can come down.
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Since then, little has happened in human spachktflighe Space Shuttle has
flown more than a hundred times, and we are onwvérge of permanently
occupying an International Space Station in lowtlizarbit. Compared to Apollo,
what NASA has accomplished on the space statiemlzarrassing.

The earlier program was launched when we knew litly about space, yet
was completed in eight years. The Internationak8&tation was begun in 1984 —
more than a decade after NASA's first space stafiiylab, was built — and was
supposed to be completed by 1994. The estimategbletion date is now 2007.
Unfortunately, NASA today isn’'t the same organiaatthat it was in the 1960s,
and it has apparently lost its ability to managehslarge, complex projects in a
reasonable manner.

In parallel with its activities in human space ffiigbut with much less fanfare,
NASA launched a series of robotic spacecraft tolaepthe solar system. The
1960s and 1970s have rightly been called the gaddenof planetary exploration.
US spacecraft have visited all but one of the gkaad their largest moons, and
sent back tremendous wealth of data; and a clodeakpat the exception, Pluto,
may not be far away.

NASA’s Jet Propulsion Laboratory in Pasadena hagpgsed an unmanned
reconnaissance mission to fly by Pluto and its moGharon, and also pass
through the recently discovered Kuiper Belt beydhe orbit of Neptune. It is
estimated that the belt contains at least 70 OGfrt-gleriod comets and icy
planetoids having a diameter larger than 100 km.

Thus, the initial phase of the exploration of thelas system has been
accomplished almost entirely by unmanned spaceerdétct unlikely to change in
the years ahead. During the®2tentury, capabilities in robotics and artificial
intelligence should increase substantially, makingven less likely that large
numbers of humans will ever be needed to exploaeespAnd while HAL doesn’t
exist now, he probably will some time during thestfihalf of the 21 century, for it
Is estimated that, 30 years from now, computerschul be a million times more

powerful than they are today.
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Given these facts and these prospects, where sheud from here?

THE MONOLITH

To me, and | suspect to many others, the most itapbreason to explore
space is to answer a single question: are we the iotelligent beings in the
universe, or can we find the equivalent of the-eblack monolith that Clarke
described? In Clarke’s novel, a number of monolitlese supposedly placed in
our solar system 3 000 000 years ago by an advaacedof extraterrestrials. The
purpose of these machines was to guide the tranditom apes to humans and
from humans to immortal beings.

It would have been great to find evidence of arstexy or past advanced
civilization on the moon, or even just one or twitdd green men standing in front
of one of the unmanned Viking landers on Mars i@6,%ut we didn’t. Nor has
data received so far even hinted at the existeheayextraterrestrial intelligence
equal to, or greater than, our own in the solatesgs This isn't all bad. If we ever
do decide to develop the solar system, we won’etliawvorry about impacting the
lives of native inhabitants.

While we will continue to build ever more sophistied machines to further our
understanding of the birth and evolution of the Salanets, moons, asteroids, and
comets that populate our solar system, we probadhe discovered all the major
facts about it. From here on out, we will probatohgl only more detail.

At the same time, the door of galactic explorai®swinging open. Sometime
during this century, as our exploration of the s@gstem comes to an end, the
action will gradually shift to our galaxy, the MykWay. Searching its several
hundred billion stars for an electromagnetic signdicating the presence of an
advanced civilization will take time. If any sigeahre found, deciphering what
each means will be even more difficult, but the amwvould almost certainly be

well worth the effort.
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HUMANS OR MACHINES?

In the final analysis, whatever the United Statesstto accomplish in space
must be something worth doing. There must be a fhagdher in terms of
international prestige, scientific knowledge, na#b security, or commercial
profit. The fact that space is more hostile to pedpan to machines tilts our
activities toward the use of machines. Thus, humahnly be used when their
presence is absolutely required for a specific immsssuch as being the first to
walk on the moon or Mars, or to do something thadaghine cannot do.

For the United States to become a true spacefaratign with a significant
number of Americans in space, at least two thingsrneeded. First, the cost of
transportation from Earth to low Earth — orbit a@naim low Earth — orbit to the
moon and Mars must be substantially reduced. NA&Arkcognized this need.

Second, a good reason is to send large numbesopteto the moon and then
go on to Mars. One reason, and possibly the ondy rtourism. However, even if
the price is right, few may want to take the tripchuse of the grim living
conditions that await humans in space.

Granted, there are other possible reasons forsgidimans into space, such as
building and maintaining solar power satellites€arth — orbit, or an antenna farm
on the back side of the moon to search for extedaral intelligence. However
most, if not all, of these projects will probablg more cost effective if they rely
primarily on intelligent machines, and employ p&ophly for activities that can't
be done well by machines, such as responding quitkl an unanticipated
emergency.

Living at the North Pole or in the Sahara Desed smap compared to living on
the moon or Mars. In space there is very littlgnf, water, no air, and high levels

of radiation. This last could prove fatal eithendily, if an astronaut is caught
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outside a heavily shielded shelter during a sd&ef or slowly over many years,
because the effects of lower levels of radiatiencamulative.

In summary, our exploration of the solar systent eahtinue to be done almost
entirely by machines, not humans. Space flightha solar system for large
numbers of people will not be feasible until thestcof space transportation is
significantly reduced, and a good reason is foundend them there. And as our
exploration of the solar system draws to a closeesime during the Zicentury,
we should take the next step and begin to seacMilky Way systematically for

any sign of intelligent life.

ULTRAFAST LASER FREES PREHISTORIC FOSSILS

A technique based on a scanning, ultrafast lasdd@mon prove invaluable to
paleontologists attempting to liberate fossils eried in surrounding rock.
Physicists from Lawrence Livermore National Laborgt working on their own
time, have refined a system that monitors the camipa of the target and cuts
power to the laser when it detects fossilized bdie result could be a dramatic
improvement over the current mechanical cleaningthaote used by
paleontologists, which is both delicate and pakista It often takes months to
prepare small fossils and years for entire dinasaur

The new method involves the use of a powerfulatast laser emitting at 800
nm that is capable of producing a train of 1000 JLpulses per second. “The laser
system being used is a homegrown one — a “kid brotbf the petawatt laser
system first developed at Lawrence Livermore asd @f the National Ignition
Facility program,” said Lowell Wood of Livermore.

Since the pulses are too short, the top layer etdinget absorbs nearly all the
energy, leaving those below unscathed. This pertnésautomated, raster — type
scanning of a large surface to remove one 1-mnr @yer another as deep as may

be desired.
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EMISSION SPECTRUM

The system determines the composition of the namtday analyzing the
emission spectrum of the vapor plume. To do thes mlsearchers use optical
spectrographic monitoring to observe the ablatetena on the fly as well as to
map the object in either two or three dimensiorse Taser switches off as soon as
it detects phosphorus — an element rare in ordir@sly but a primary component
of fossilized bone. This sensitivity enables therus preserve the fossil's surface
structure to a degree previously impossible.

The scientists hope to present several fossilsapeelpwith the technique at next
year's annual meeting of the international SocietyVertebrate Paleontology.
Wood predicts that the method, with its high — sbaed high — resolution pixel —
by — pixel composition analyses, could find exteastommercial applications in
the next 10 years, although specifics of other tmarapplications are not publicly

available.

SUBMARINE FIBER NETWORKS

Submerged in the world’'s oceans are well over dianilkilometers of
submarine cable — enough to circle the globe 3@gim forming a network of
arteries that carry huge volumes of traffic betweentinents. Although satellite
communications can provide traffic to many locasioit plays a complementary
role to cable technology, which has the volume caypaecessary for the bulk of
international communication (speech, fax, datalatetnet protocol).

Electro-optic repeaters and fiber optics were ohiced in the 1980s, before
which coaxial cables were used. The introductiothe1990s of optical amplifiers
that could process multiple wavelengths openeddtie to wavelength division
multiplexing (WDM) and signaled a capacity explosicAt the same time,
deregulation created a much more competitive enment where the demand for

capacity has increased faster than ever. Todayghesiiber can provide 640 Gb/s
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- more than 1000 times the capacity of the lastxiebacables and roughly
equivalent to 8 million uncompressed (64 kb/s) speercuits. Each cable can
contain several fibers.

One might imagine that a submarine cable systemldhme much like a land
cable system except for the rather obvious requrgrnthat it be waterproof. In
practice, there are many differences, most of tdamto the depth and size of our
oceans.

Ocean depths may approach 8 km with pressures®faBfios at the extreme.
Cables and optical repeaters must not only betabdethstand these pressures, but
also be robust enough to survive the marine iratafi. Conditions at sea are such
that one cannot guarantee gentle treatment. Orsyestam is installed, however,
deep water is a benign environment.

Should cable damage occur, submarine cables aversémd more expensive to
repair than are land systems. The time between giammad repair can be several
days, depending on the location of the fault areatailability and position of a
suitable ship. With ship operations costing as mast$50 000 to $100 000 per
day, repair costs can approach $1 million — nomention the potential loss of
revenue.

With the penalties of cable breakage so high,cigsar that component failures
are equally expensive and the reliability targets Submerged components are
much more demanding than those for land systems land system, for instance,
it is possible to replace components on a sindlerfpath without affecting the
other fibers. Repairs to the wet parts of a submealink, however, always require
the cable to be cut, thus affecting all the fibarthe system.

The ocean’ width (6000 to 7000 km across the Aitaad 9000 to 11 000 km
across the Pacific) requires submarine systemsam snuch greater distances
between terminal points than terrestrial systenmesreBtrial links seldom have
more than 10 in-line amplifiers, whereas submalimies frequently have 100 to
200. This further increases the need for very b&di@omponents to ensure that the

overall link is reliable.
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RELIABLE REDUNDANCY

Consider a link of 150 amplifier pairs; if each diingr pair has a failure rate of
just 10 FIT (1 FIT is 1 failure in £thours), then the possibility of failure during a
year is only 1 percent.

All components except the control electronics drmel gump lasers are passive
devices that are relatively simple and therefoghlyireliable. Two or more lasers
emitting at 980 or 1480 nm serve as the pump powvexcite the erbium — doped
fiber. They are combined and fed to both Go andifReamplifiers. At input and
output, low — loss couplers monitor signal levélattare used by control circuitry,
which determines the current required to drivegamp lasers.

Pump redundancy is the only way to reach the néit\akevels needed, because
single units need to have FIT values of aroundTLd¥llower. Duplicated devices
can have FIT values of 50 to 100. It is difficulbtronly to make very reliable
devices, but also to demonstrate that they medhtigeted standard. For example,
95 percent confidence that a component will me&iTlL level requires 3 billion
device-hours of testing without a failure. Thisaslg requires large numbers of
components and lots of time; in some cases, howess at higher temperatures
can accelerate the aging effects, thus easingrdoess.

The 980-nm pumps are technically desirable becthusg reduce the noise
factor of the amplifier and consume less power th&80-nm devices. Early lasers
suffered from poor reliability, and the problems/éabated only recently. If the
target had been 1 FIT, suppliers would have ne&#]000 device-years of
testing. But by aiming for 50 to 100 FIT, only avf¢housand device-years were

needed — expensive, but not excessive.

TRAVELLING LIGHT
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Making high — reliability, high — performance ogtiaunits is only part of the
challenge. Transmission of WDM signals over longrsp also poses some
interesting issues. Light attenuates as it progag#trough a fiber, eventually
dropping to a level where recovery of the signamgossible. But a number of
other effects become important.

The first is that an optical amplifier generatessapwhich accumulates as the
number of amplifiers increases and becomes sigmfiat the end of the system.

Another important effect is that of dispersion.iAgte-mode fiber supports two
modes of propagation, one vertically polarized, doezontal. If the fiber were
perfectly circular, these would propagate at eyatttt same speed. Real fibers,
however, are not perfect, and there is a smalldsplgerence between the two
modes. As they propagate, power is coupled betwesn in a somewhat random
fashion. The result is a pulse broadening or dsperthat increases with the
square root of the total transmission length. Fibeppliers have managed to
minimize this effect to the point where it isn'gsificant for 10-Gb/s systems. But
for 40-Gb/s systems, where the dispersion targetdaar times harder, this may
well prove a problem.

Chromatic dispersion, where different wavelengtiavdl at different speeds,
also causes problems. It's possible to design dibeith very low chromatic
dispersion, but surprisingly, this isn’t a good addat makes closely spaced
wavelengths propagate together, which in turn eses interaction between them.
Higher dispersion reduces this effect but causessignal pulses to broaden.
Dispersive fiber with periodic compensation is duson to this problem and is
used in all types of WDM systems, although the rfibkaracteristics for long
submarine systems are different from those for Brsiems.

This isn’t a complete solution to the problems ealy nonlinear effects. It is
merely a way to reduce the effects. Increasingetfextive area of the fiber offers
a further reduction in nonlinear penalties, becatiseduces the optical power
density. But such fibers are generally more sesesttv microbending, thus making

cable a headache to manufacture.
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Effects in the fibers are not the only issues. Watltascade of 100 to 200
amplifiers, transmission of around 100 wavelengthibe current target — requires
each amplifier to provide the same gain for allhe@m. A systematic gain variation
of just 0.1 dB per amplifier becomes 10 dB afte® Hdnplifiers. To achieve this,
individual amplifiers contain compensating filteasid additional filters are usually

in the line to maximize gain flatness.

ON THE BEACH

Because the seabed has no power sources, powebentesd to the amplifiers
from the shore. DC current is fed along the metgdarts of the cable, passing
through one repeater after the other. The longthengf submarine cable systems
require several kilovolts from each shore, andafeipment producing this must
be extremely reliable, because a failure would theeentire transmission capacity.

With several thousand volts on the cable, thereadmgously safety issues.
First, to protect people, attention is given touiation, warning labels and
automatic shutdown features. Second, the equipmehe line must be protected,
as a powered cable has a lot of stored energyslbroken, the energy released
can cause surges of 200 to 300 A. Consequentlgaters need to contain very
robust circuitry designed to handle this posshilit

On shore there is transmission and reception eaqnpm essentially WDM
terminals adapted to long-span transmission. Submaystems use forward error
correction to get good transmission performancggatal — to — noise levels lower
than normally possible. Although forward error emtion at high speeds is not
easy, the benefits are high. On long systems thebeu of repeaters is
significantly reduced, which is important when eaepeater may cost about $ 1
million.

Another way to improve the overall transmissionasncorporate a relatively
complex modulation scheme, where the transmittéskeguare converted to return

— to — zero and simultaneously phase modulateds $ignal format usually
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requires the use of a multistage Mach-Zehnder fer@meter, with the different
stages performing amplitude modulation, return — ero conversion and phase
modulation.

Such complexity requires large numbers of compddatomponents, increasing
the possibility of failure. Although the equipmaston land and therefore more

accessible than the submarine components, retialsilstill a factor.

WHAT NEXT?

The challenge now is to obtain even greater cagasitich might be achieved
by any of the following:

- more fibers

- more wavelengths

- higher line rates

- better spectral efficiency

Increasing the number of fibers in the cable sowralsy except it also means
additional amplifiers per repeater, which in tureans extra power consumed per
repeater. This requires either reduced cable assist or more voltage, which
would necessitate increases in insulation. The atepealso must be kept to a
practical size and weight.

The number of wavelengths can be increased bothetycing the spacing
between them and by increasing the bandwidth oathplifier. The International
Telecommunications Union recommends spacing wagdien50 or 100 GHz
apart (equivalent to 0.4 or 0.8 nm). The reseafobws that transmission is
possible with spacing as low as 25 GHz (0.2 nmj,viath significant penalties,
suggesting that the practical limit is a bit largekewise, a variety of techniques
Is stretching amplifier bandwidths. The use of thband in erbium amplifiers
promises to roughly double their available bandwidilthough at present the

amplifiers needed are more complicated.
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The next line-rate step is 40 Gb/s, which preserapr challenges. With a bit
period of only 25 ps, components will need to beyvast, and the effects of
dispersion will be four times more significant. Gequently, fiber polarization
mode dispersion may become a serious limitatié®also important to realize the
transform-limited spectrum of a 40-Gb/s signal asirf times that of a 10-Gb/s
signal, thus requiring an increase in the wavelesgacing.

Current systems have a spectral efficiency of @.pdr second per hertz, with
closer wavelengths moving this toward 0.3 bitshptz. Nonoptical systems have
used more complex modulation formats than the sropiary ones currently used
(for example, multilevel and phase or frequency ulatibn) to gain capacity in a
limited bandwidth. But most of these techniquesdiffécult to apply at data rates
of 10 Gb/s and above.

This might seem a somewhat pessimistic positioncofbination of extra
fibers, closer wavelengths and larger bandwidthgety to increase capacity two
to four times. It's more difficult to predict thext step.

Historically, line rates have increased even whewas believed that a limit
was being approached, so suppliers of 40-Gb/s coemge and above should
continue working toward new developments. New comepds have often been the
key to new types of systems.

We have also seen the need from time to time t@tadamew technology. A
number of possibilities are worth considerationm8aesearchers suggest that new
types of fiber and different dispersion maps w# britical to success. Others
suggest that the key to 40 Gb/s may lie in systdrasdon’t merely amplify the
signals, but also regenerate them. They also smecthiat nonlinear propagation
may be important.

The history of this particular industry, howeveeabs out few predictions, so

maybe you should be prepared for something difteren

COMPREHENSIVE TESTING MAXIMIZES A SITE'S VALUE
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A fabulous Web site is worthless if people can'tess it quickly whenever
desired. Testing is the one surefire way to engtoper Web site performance, but
failure to test everything, right down to the bess logic hidden behind a link, can
have disastrous results.

Take the costly (and real) example of a large effaupply company that
offered a rebate to those buying back — to — schopplies through its Web site.
Splashy ads lured people there with the promisg tha more spent, the larger
rebate. The rebates were calculated through aedhdton on the checkout page
that should have been programmed for a single eisegnsaction.

Instead, the button did not disable, however oftemas clicked. And many
people clicked repeatedly, getting rebates thatttigti the purchase price to
pennies, paying only for shipping and tax on bagms$ (computers, desks, chairs)
and small items (staplers, paper, pens) alike.at'§hbad business logic,
something that should be tested for in a comprehend/eb site test program,”
emphasized Ken Lee, laboratory vice president stHm®s, “along with everything
from the scripts running on a Web page, to the thgsenable its HTML coding
and security measures for e-commerce transactimndink between display
screens.”

The first thing to do is to gain an understandihglbthe technical components
that are supporting the Web site under test-JavingrCold Fusion (a Web portal
development tool from Allaire Corp.,Newton, Mass$he number and size of the
servers, the operating system, and the bandwidtheztion to the Internet.

Other important test considerations revolve aroexplected traffic and usage.
Both factors determine which links are critical.k€aa bank. The fact that most
people interested in on-line banking will want te@ss account balances, check on
deposits, and take care of automated teller tréinsscmakes those the critical
links. Current rates of interest paid on certifesabf deposit are less likely to be
used frequently, so a link to that information aery should work, but need not

be critical to the Web site's success.
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Compare the expectations of the bank and a smgithemepair shop. While the
test methods are basically the same for both, Wieatest is looking for in terms of
data is different in each case because each Hasetlif concerns and expectations
of visitor numbers. The repair shop, whose siteikes a hundred or so weekly
visitors, is unlikely to be too concerned with thess test. But it is of great
concern to the bank, which is expecting thousafid®current users on its Web
site.

Conversely, the repair shop lacks the clout to irequse of the latest Web
browser with 128-bit encryption, which the bank ceemand of its users. Instead,
the small business site is likely to be accessetlisBfomers using several operating
systems and browsers, old and new. So it must $tedeagainst many more

combinations of operating system and browser tharbank.

PUSH PAST THE BREAKING POINT

Most companies want their Web sites tested un@ly tbreak — that is, to
determine how many concurrent users it will takerash the servers or even just
produce a noticeable decline in server speed. Tda@mum number of users that
can be simulated by a software script goes to itgfimathematically, but
practically speaking, the number is a few thousamaybe 15 000 at the top end.

A comprehensive test — until — it — breaks scenbyoks at however many
concurrent users are expected on the same traitierp in order to see just what is
going to break in the application. It may be th&atdase server, the bandwidth, the
application server, the Web server, the load balgnalgorithms, or the ability of
the Web server to handle that many incoming Intgsn&ocol addresses at once.

One performance measure is the time taken to gispleequested Web page.
By measuring the time form when a simulated usekglon a link to request a
page to when that page finishes loading, and dthrsywhile adding simulated
users across several connection speeds, a companget an idea of just how

much traffic its site can support comfortably.
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For example, test results may show that the optimaiber of concurrent users
for a site is 1450-1500. Based on an 8-second indusstandard page response
time, that may mean that a 28.8k modem will tale lomg to load a page. With
that kind of information in hand, a company carklab its Web design and maybe
eliminate a large graphic slowing things down, ostpa warning to users of slower
modems about long page — load times.

Benchmarking against speed trials of applicatisnsnie way to test a Web site.
National Software Testing Labs are popular bencknpaoviders that do testing
services.

But comparing a Web site’s speed with a benchmaal¢ not be enough of a
test. Take the case of a $10 million ad campaigroending on a corporate name
change. The company may not want just to benchitekkeb site, but to know if
the site can handle the expected traffic volumeénduhe campaign’s blitz period.

Knowing how changes in the site’s systems will etfigperation is essential for
players in the volatile e-commerce market. Hardvemadability tests check to see
what happens when more servers are added at thieatiop, database, and/or
Web site. In some cases, processing of requesis dgnificantly if the code is

not written to expedite requests across multipteess.

THE WIRELESS WEB MONKEY WRENCH

Personal digital assistants (PDA) and Web-surfiely ghones introduce yet
another level of complexity since wireless add$ed#nt carriers and gateways to
access the application. Wireless providers andcdswvork differently if they use
different technologies. It's one more set of fuoes to test.

For instance, TestPros was hired to perform wigelapplication protocol
(WAP) testing by a client that used specific seevproviders and a variety of
WAP-enabled cellular phones. During the five dafy&inctional testing, problems

in content rendering and button-to-function areppeared. Not so much logic
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errors as display and device-button mapping ertbesprimary problem was that
they might cause e-mail to be sent to the wrongar individual.

In the end, comprehensive testing will ensure than wireless access to a
Web site goes smoothly, once the kinks are workedJust remember that it's an
evolutionary process. A Web site is only bulletgramtil the next release of

Windows or the next wireless Web PDA comes out.

THE REBIRTH OF RADIO

In the beginning, automobiles were known as hossetarriages, reflecting the
feeling that horses were the natural way to pregdlicles. Similarly, radio was
known as wireless. In the transportation arenainesgand motors have long since
supplanted the horse, and the term horseless garhas gone the way of the
horse-drawn vehicle. But wiring of one kind or dvest is still regarded as the
“natural” way to connect nodes in a communicatioeswork. To most of us,
wireless is an inferior, niche technology appragrianly for mobile applications.
Even television, which was originally popularizesl @ wireless service, is now
broadcast largely over cable.

Today, that mindset is under attack. Scientistemedicted recently that very
soon most people will be using wireless phonesbfith voice communications
and Internet access.

They may be optimistic, but they are right abowt thirection in which things
are moving. IEEE 802.1I, the wireless local-areawoek standard, is one of the
hottest product areas at the moment; Bluetoothatans to become even hotter;
Nokia recently unveiled its self-configuring rogit&RF system for Internet access;
fixed-wireless links are gaining increasing attentas candidate solutions to the

Internet’s last-mile problem; and cell phones nieawlly be mentioned.
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Why the sudden interest in radio? It can’t be campawith wired optical
networks in capacity. It leaves users more vulrertd eavesdropping than wired
networks do. There is the problem of all those uthegi waves interfering with one
another. And cell phones with all their droppedscahd coverage gaps don’'t seem
to be exactly a ringing endorsement of the techgylo

The reason is not hard to find: advances in mieaebnics have made it
possible to build complex wireless systems at lowugh cost to make them
economically viable. These advances, and othete@way, are not only allowing
us to realize the well-known advantages of wiretesamunication, they may also
turn out to be the best way to access the Intennatny situations.

Besides, some of the cited drawbacks of wirelesg mo& be as serious as they
sound or they may be susceptible to treatment bighdu advances in
semiconductor technology. Optical fiber indeed hasch greater capacity than
radio. But so what? Not every application needs emse transmission speed.
Fiber makes sense at the core of a telecommumsatietwork. Wireless is being
touted for the periphery — or for small, self-coné@l networks — where blazing
speed is less important than such factors as mghabst, and provisioning speed.

Today’s cell phones certainly leave a lot to beiréds But is that because of
any fundamental problem with the technology ortidecause cellular service
providers are signing up customers faster than éneybuilding networks to serve
them? If the latter, as appears to be the case titne may well fix the problem.

As for eavesdropping and interference, advancedatligignal processors
(DSPs) are already dealing with those problems @modhise to do even more.
DSPs, after all, are at the heart of every digtt@ll phone, compressing and
encoding voice streams, and making them almost imema eavesdropping in the
process. They are only beginning to be used intsamiennas, which will mitigate

the interference problem and boost system capacity.

CHIPS TO THE RESCUE
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Take IEEE 802.lla, the high — speed wireless lecarea network standard.
This 54-Mb/s improvement to 802.l1lb uses an exatithogonal frequency —
division multiplexing scheme and works in the newnlitensed National
Information Infrastructure band, where 300 MHz ahtwidth is available in two
pieces: 200 MHz from 5.1 GHz to 5.3 GHz, and 1002Vt about 5.7 GHz. With
its 54-Mb/s data rate, 802.lla is comfortably abtwe 22 Mb/s needed for a home
network capable of simultaneously connecting twenpgoters to the Internet or
handling multiple audio and video streams such ahtrbe generated by CDs,
camcorders, and so on. So why hasn’t this attra¢géehnology been adopted until
now?

Adoption of 802.1la has been delayed by the higbt @f implementing it —
specifically, by the need to fabricate the radegfrency portion of the circuitry in
a compound semiconductor material like GaAs or SiGkat is not only
expensive, it also is incompatible with CMOS - thaterial of choice for the
modem portion — with which the RF circuitry will erday be integrated. But no
more.

Last September two unrelated companies annount&VEDS solutions to the
802.lla problem. Radiata, an Australian companyeiled a pair of chips that
between them almost constitute the physical lajand02.1la transceiver. The R-
M Ila modem chip, which includes 20-MHz analog-igiél and digital-to-analog
converters, is built with a 0.25-mm CMOS process.companion R-RF5 chip,
fabricated with a 0.18-mm process, is a comple@@Hz- radio, including all
necessary amplifiers, mixers, and filters. All that needed to complete the
transceiver is a media access controller (MAC) poskibly a power amplifier, if
the R-RF5’s 0-dBm transmitter output is insuffidiefihe chip set will sell for US
$35 in large quantities.

Atheros Communications introduced an even morelyigitegrated chip set at
N+l. Its two chips include both the MAC and a poveenplifier. The company,

which also has a tight academic connection witmfstd University, priced its
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chip set at “below $35”. For both companies, thetgd price for the chips
translates into an end-user price for the comptatesceiver of about $150.

By contrast with 802.1la, Bluetooth — the self —nfiguring short — range
network pioneered by Sweden’s Ericsson — aims BVe¢r down the performance
scale — around a megabit per second — but alsa hasch more stringent budget.
Companies contemplating the addition of Bluetoottheir products tend to regard
$5 as the acceptable cost of adding that capabMhat that $5 buys is
connectivity — the capability to participate in ad hoc network anytime two or
more Bluetooth-enabled devices get within aboutn@fers of each other.

Most Bluetooth visions involve portable equipmentthwlimited display
capability, so its fairly low data rate is consigtavith its probable missions — e-
mailing, wireless keyboards, wireless headsets rtsh@me appliances, and the
like. Wireless headsets for cellular phones mayheekiller app here; their very
low power is likely to ease the anxieties of cdlbpe users worried about brain
damage from excessive exposure to RF power.

Like several other RF technologies, Bluetooth ofgsran the 2.4- GHz ISM
band using frequency-hopping spread-spectrum. ains anywhere near the
popularity anticipated for it, problems may arisghwother services operating in
that band. Therefore, Bluetooth — or rather itsidgaace — may turn out to be a
factor contributing to the success of 802.1la.

Yet another self-configuring network operating e tISM band — at least for
now — is the kind based on Nokia's RoofTop WirelBsaiter. All that's required
to connect to a network based on this technology imiount one of the wireless
routers on a convenient rooftop; supply it with goywconnect it to a computer’s
Ethernet port; and, of course, make financial ayeaments with an Internet service
provider with RoofTop equipment. It's not even nesagy that the customer’s unit
have a direct line-of- sight link to the serviceyder. Just as long as it can see
one other node in the network, all will be well.eTtnit will “talk” to similar units
in the neighborhood and together they will confegtinemselves into an ad hoc

mesh network. RoofTop routers self — configure s@lfl — heal as new customers
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connect to the local system. New subscribers addnaancy to the network, and
thereby strengthen the infrastructure.

Although the wireless routers run in the unlicen8tGHz band, there is no
reason they cannot be moved to one or more othres plathe spectrum. The radio
portion of the gear is separated from the routetiggo and can be independently
re-engineered.

Nokia’'s system is illustrative of a new use of madi wireless Internet access
unrelated to mobility. The RoofTop Wireless Routgakes possible data rates of
up to 12 Mb/s, which compares favorably with calleand DSL access methods.
Of course, since each user shares a cell with geetrers, the data rate achievable
at any given time will vary with the number of useommunicating in the cell.

More deterministic fixed — wireless systems areetdasn Local Multipoint
Distribution Service technology, which uses direcél antennas but has the
corresponding drawback of requiring expert instafa These systems work in the
30-GHz region of the spectrum and provide datasratethe order of 10 Mb/s. As
always, the name of the engineering game is trddéaky installation or high

speed — you pay your money and you take your choice

SPECIAL REPORT

Unintentional noise emission by unknown sourcestisn critical in submarine
detection. Conversely, noise on board the searchesgel hampers the use of
passive sonar. Noise can be classified as seléramd ambient noise. Self noise is
associated with electronic circuitry of the sonad dhe mechanical operation of
the ships that are involved. Ambient noise encosgmall of the noises in the sea.

Self noise is produced by noisy tubes and compgnienthe sonar circuitry,
water turbulence around the housing of the trarsgudoose structural parts of the
hull, machinery, cavitation and hydrodynamic noisaased by the motion of the
ship through the water. The dominant source of m&ech noise in a ship is its

power plant and the power distribution system thgiplies power to the other
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machinery on the vehicle, such as compressors, rgnge and propellers.
Normally, machinery noise is always present anckept to a minimum by
acoustically isolating the various moving mechanicemponents.

Noise in the ultrasonic region is extremely impotten sonar and acoustic
torpedo performance. The noise produced by auxiliamits, such as pumps,
generators, servos and even relays, is often mgngisant than the power plant
noise. The large masses involved in the power planally keep noise frequencies
relatively low. However, small, high speed servaonetmay be serious sources of
ultrasonic noise.

Flow noise results when there is relative motiotwieen an object and the
water around it. Under ideal conditions, the objscperfectly streamlined and
smooth, and water movement will be undisturbed.sTidealized condition is
called laminar flow and produces no self noiseedular objects can achieve nearly
laminar flow conditions only at very low speedsdamr two knots or below).

As the speed of the ship or object increases, dlal [pressure drops low
enough at some points behind the object to allosvftiimation of low pressure
steam. This decrease in pressure and the resbitibigles of vapor represent the
onset of cavitation. However, as the ship movesyafwam the bubbles, the
pressure increases, causing the bubbles to collapdeproduce a continuous,
sharp, hissing noise signal that is very audiblecd@ise the onset of cavitation is
related to the speed of the object, it is logibak tcavitation first appears at the tips
of the propeller blades, since the speed of thdebtgps is considerably greater
than that of the propeller hub. This phenomendmewvn as blade-tip cavitation.

Since all torpedo homing systems and many sonaersgsoperate in the
ultrasonic region, cavitation noise is a seriousbfgm. Torpedoes generally home
on the cavitation noise produced by ships, andawtation noise produced by
the torpedo interferes with the target noise ierees. Because the speed at which
a vehicle can operate without cavitating increagssthe ambient pressure is
increased, some acoustic torpedoes are designeshtoh and attack from depths

known to be below the cavitating depth.
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It is important for an antisubmarine warfare vessebperate with a very low
noise level. Noise-reduction methods can be appbedther military vessels, as
well as to commercial vessels. For protection egjaoustic mines and to reduce
the risk of being detected early by sonar listenileyices, noise minimizing is
necessary. A low level of noise also permits thig ¢t receive a lower level of
signal from the enemy. Strict limits on the levefsstructureborne noise and of
airborne noise levels improve the habitability fioe ship’s crew. Ambient noise is
background noise in the sea due to either natunadam-made causes, and may be
divided into four general categories, including todynamic, seismic, ocean

traffic and biological.

TELEPHONE TRANSMISSIONS

The telephone whether cellular, wireless or hardeavi is so ubiquitous in
today’s technology that no report on UE would bemptete without its
consideration. Modern technology has elevated SIG#Nectiveness to a point
where virtually all electromagnetic communicatioimgjuding telephone and radio
conversations, are highly vulnerable to hostileelligence intercept. Telephone
conversations are especially endangered becausé anes at some point in
transmission, relayed via microwave signals, wrach monitored easily. Double
talk, self-generated codes and other improvisedirggcmeasures are readily
defeated by hostile intelligence analysts. The theaf information transmitted
daily throughout the world via telephone and radiyo military personnel is a
highly valuable collection source for hostile itiggtnce agencies. Important
factors include source sensitivity, timeliness eparting and processing, and
communications available to transmit information.

But even without a microwave link, a magnetic induc with no physical

connection to a hard-wired circuit, can act as sspva sniffing device. By using a
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current probe or transducer, a telephone link cancbmpromised with no
disruption of network activities and with littlek&lihood of detection since there is

no electrical connection to the network.

MILITARY COMPUTERS AND PERIPHERALS

A computer broadcasts electromagnetic informatioto ithe surroundings
where it is physically located. Miniature receiv@laced near the computer can
eavesdrop electromagnetically upon the broadcdstnmation. Describing the
emission from VDUSs, van Eck wrote: “It seems justifto estimate the maximum
reception distance using only a normal TV receataaround 1 km.”

But the computer, with its digital innards, is ribé only source of UE. With
current technology it is possible to reconstrucomputer’s VDU contents from up
to a kilometer. Reconstructing the contents of amater's memory or mass
storage devices is more complicated and must berpexd from a closer distance.

The reconstruction of information via UE is notilied to computers and digital
devices but is applicable to all devices that gateeelectromagnetic radiation.
According to van ECK, the VDUs produce a very highel of UE. He says:
“Cables may act as antennas to transmit the sigmalsreemit them farther away
from the source equipment. It is possible thateslalcting as an antenna in such a
manner could transmit could transmit the signalemonore efficiently than the
equipment itself. A similar effect may occur withetal pipes such as those for
domestic water supplies. If an earthing (groundisgstem is not installed
correctly such that there is a path in the cireuth a very high resistance ( for
example, where paint prevents conduction and is@ets an insulator), then the
whole earthing system could well act in a simiksHion to an antenna.”

Emission security (for example, Tempest) is conegrwith identifying and
eliminating his type of unintentional radiation tlt@nveys classified information.
In the case of aircraft, Tempest surveys, requise@PNAVINST 5510.93E, must

be conducted when classified information processygfems or transmitters are
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added, relocated or modified, including both handwand software modifications.
The Tempest survey is conducted to ensure thatattegaft can conduct its

emission with no compromise of security.

OTHER FORMS OF UE

UE takes many forms in addition to those alreadytrneed. Two common
forms are electromagnetic interference (EMI) arfcared (IR). If unchecked, ENI
can potentially cause the physical destruction titary platforms or at the very
least cause them to malfunction. IR emission igl®quitous that perhaps it is not
often considered a form of UE. But indeed, everymate object emits
electromagnetic energy in the IR spectrum. In aaditinanimate objects at
temperatures different from the ambient can beedised using IR emissions.

THE COST OF THE OTHER SIGINT/ELINT

Simply stated, the end game of SIGINT/ELINT is tamtor everything,
everywhere, all the time. With sophisticated reesy unmanned aerial vehicles
and satellites to gather and relay informatiors tfoal may be achievable, but not
without a cost. The cost is unprecedented proocgg®wer. Included in the arsenal
of processor-intensive approaches used by contempaonilitary systems are data
fusion, super-resolution procedures, simultaneowsctibn finding and signal
enhancement.

An example of the demands placed upon technolog@gparent in a recent
request for proposals that appear in the CommeunsaBss Daily issue of January
16, 1996. In part, the requirements were for “Rad@rning Receiver Algorithm
Development SOL PRDA NO.96-02-AAK. Introduction: Mt laboratory
(WL/AAKD) is interested in receiving proposals (teical and cost) on the
research effort described below. Description: Thgaive of this effort is to
develop and test new EW concepts and algorithmedoas the results from in-

house and previous contractual programs and adggbdiment these
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algorithms/concepts in a software simulation to diey specifications for
developing future and modifying current EW threatrmng systems and ELINT
threat analysis tools. The simulation will be a hsusm for evaluating new
concepts applicable to EW and ELINT processingesgst Current operational
systems have highly integrated deinterleaving, tileation (ID) and signal
analysis software. This program will investigatevnend innovative deinterleave
techniques which utilize and exploit correlatiorewn independent signal type
declaration software, probability analysis in IDngeation, pattern recognition,
unintentional modulation on pulse, frequency motioita on pulse, artificial
intelligence and signal tracking algorithms.”

Big Brother may be watching, but he had better ety digitally savvy to

understand what he is seeing.

HEATING SILICA-CORE FIBERS REDUCES SCATTERING LOSS

In essence, the basic steps required to manufacptieal fiber are relatively
few in number. Varying or adding postprocessingstéowever, can sometimes
impact fiber-transmission efficiency dramaticalljor example, although silica-
core optical fiber routinely exhibits a Rayleighattering loss as low as 0.8 fim
dB/km, this value is somewhat high compared todgivalues for silica glass,
which can reach 0.6 [fmiB/km. According to Shigeki Sakaguchi and Shiri-ich
Todoroki, researchers at NTT Opto-Electronics Labmies ( Tokai, Japan), one
way to reduce the Rayleigh scattering of silicaechibers is to heat them — this
also lowers transmission loss.

During recent experiments, the researchers stutiedimpact of heating a
single-fiber with pure silica core and fluorine-@apsilica cladding. They used
several fibers cut from the same roll. Other thaua 30 cm of striped coating,
each fiber was bare. This section was suspendédatbrin a furnace and heated

to 1050C — 1200C in a dry flow of nitrogen for dwell times of 220 minutes.
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This temperature range was chosen because it pongs to the fictive
temperature range of ordinary silica glass.

To study scattering losses, Sakaguchi and Toddenkiched 514.5 nm light
from an argon laser into each fiber through a quaxiave plate and measured the
intensity of light scattering from the heated segiweith a photomultiplier. These
data were then compared with the subsequent ityensading taken for the
unheated part. Results indicate that, except fer dhta taken at 108D, the
relative scattering intensity of a fiber droppedhaheat treatment. The researchers
also noted a strong correlation between the redluati scattering intensity and the
reduction in a fiber’s fictive temperature. In aduh, they found that the relative
scattering intensity of the fiber segments variéh Wweating.

According to test data from this NTT experimentisitpossible to reduce the
scatter loss of silica fiber by about 30% with h&aatment in the 1100 to
1200C range. Compared to a typical Rayleigh scattelisg of 0.8 prhdB/km
quoted for silica-core fiber ( assume a fictive pemature of 160C), certain
heated fibers in the test measured Rayleigh vaifies51-0.62 prhdB/km.

Although previous research in heat treatment afssitore fibers also indicated
that heat treatment reduces fictive temperatureka@ichi notes that those
experiments reported that a few hours of heatrtreat were necessary to produce
the temperature drop. The NTT experiments, howevedjcate that the
temperature reduction is possible in 20 minutekaachi and Todoroki thus
conclude that in-line fiber annealing during thawiing process offers a possible
way to reduce the loss in silica-core fiber beyawight has been traditionally

considered the norm.

NO PLACE TO HIDE

It's one of the classical movie plots: the bad gul@led in the attempt to grab
piles or cash or some priceless artifact and mgkésway — have taken hostages.

The police hatch a plan to covertly enter the bgdand capture the criminals,
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and the hero almost always chooses just the rigltuat that will let him spy on
the captors before he springs into action. But aal ife, where such heroic
gambits are often deemed too risky, researchers hagn working on radar that
can “see” through walls, so police can know wheostéiges are congregated or
soldiers can tell where the enemy is lying in wditvo devices that meet
demanding criteria are on the market, and one bar hdapted for use by the US
military in Iraqg.

Some conventional radar can penetrate walls, bednnot distinguish objects
just ahead, it emits far too much power to be $afeoperators, and it requires
equipment about the size of a lab bench. Advancegital signal processors and
microwave integrated circuits have made it possiblét a complete microwave
system in a box the size of two encyclopedia vokimow, through-the wall radar
devices that are lightweight, portable, and abldotms up to 20 or 30 meters
ahead are available to municipalities and law e®fiment agencies. Two such
devices are RadarVision, built by Time Domain Cpgé.England. Both rely on
ultrawideband, a fairly new technology known maiak/a promising high-speed,
low-power radio communications transmission techeiq

A change in software can turn an ultrawidebandosadihose pulses of RF
energy normally carry data, into an ultrawidebaedhhology, they are quite
similar. Both devices can detect the presenceasfimate objects through the wall,
but only motion (in the form of a moving blob ofleo on their built-in color
screens) is shown to the user. The devices arersitise that even if someone on
the other side of the wall is sitting still, the chanes can detect the rise and fall of
the person’s chest with each breath.

The radars transmit millions of very short pulséthat they see through a wall
is related to the timing of the return pulses. R¥@&on generates 10 million 300 —
to 500- picosecond-long pulses every second — emehat well below 100
microwatts. Its receiver knows to within a few @econds when anyone of the

pulses will return and switch on only for a brieihgpling window, after which it
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shuts off again. This feature greatly improvesdigmal-to-noise ratio of the return
signal and reduces the radar’s power consumption.

Either device can run for a couple of hours omaglsi battery charge. Each also
has the added benefit of making it difficult foethad guys to know they are being
monitored, because signal detection devices castinduish the devices’ low-
power transmissions from background noise.

On return, the pulses are picked up by a linearyanf antennas. The time of
arrival for each return pulse is measured at eatbnaa, providing an accurate
determination of where the moving object is witepect to the machine’s field of
view. The radar systems look for changes in theggaand angles at which
successive pulses strike an object on the otherddithe wall.

If, say, Pulse 1 comes back revealing that theam isbject at range x and angle
y, a difference in range or angle for Pulse 2 igistered as movement. An
onscreen representation of that is shown to the. vA#enever there is no
difference between the latest pulses return andtieepreceding it, which is the
case for pulses that bounce off inanimate objebtis,system disregards those
objects and omits them from the display.

What the user sees is a plain view of what lieshenother side of the wall, but
seen onscreen from above. An optional mode shogvspghce on the other side of
the wall the way it would appear from the side.sToption allows an experienced
operator to distinguish between tall and short a@bjesuch as an adult and a small

child or pet.

FUELING THE INTERNET

Amy Arnold of Menlo Park, Calif., spends much ldsae at her computer
since she left Hewlett-Packard to stay home withKkigs. Mostly she uses it for
the half-dozen e-mail messages she gets a dayussteto turn it on every few
days and spend an hour or so dealing with the adladed e-mail. But late last

year she signed up for digital subscriber line (DStrvice.
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Now, Arnold turns her computer on when she wakesng leaves it on until
ready to go to sleep. Even though her computem soicalled “sleep” mode for
much of the day, Arnold’s computer usage will rals&r household’s electric
consumption by a percentage point or two. Add &i the increased power usage
of all the other consumers signing up for DSL, eabbdems, and other broadband
Internet connections. Add corporate computer usets) are demanding more
powerful machines, more kinds of, and more, penalse(scanners, for example,
once relegated to art departments, are becominguibbiis), and faster Internet
connections. Then add in the air-conditioned sefaans that distribute e-mail,
host Web sites, and manage all these connections.

The total impact? It's not clear. Some of the newore powerful computers
make more efficient use of energy than the obsaoteidels they replace, and the
other numbers can vary, depending on how the aloulis done.

Among those who believe Internet use is driving powonsumption much
higher are Peter Huber and Mark Mills, co-authdrshe Digital Power Report
newsletter. They calculate that Internet use ctigr@ccounts for 8 percent of U.S.
electric power demand, and they project it to t3se80-50 percent in 20 years.
Meanwhile, they expect overall demand for elegtower to grow 33 percent over
the next 20 years.

Huber and Mills, in their analysis, consider thsussption of power by PCs, by
servers, and in computer manufacturing. For theyear or so, a lot of attention
has been paid to their widely published conclugioet the digital economy is
driving demand for power far beyond any projectiomsde in past years by the
power industry. They believe it will require thenstruction of a host of new
power plants in the coming decades.

Living in Silicon Valley, this writer last summerebame familiar with new
terms such as “rolling outage block” and “stagerryency.” The first is a system
that shuts off power to consumers for short perimds scheduled basis, and the
“stage 2 emergency” means that more than 95 pemfetite state’s available

electricity supplies are in use, and reserves arggerously low. Local papers
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urged readers to turn off idle computers, printempiers, and other electronics
and, whenever possible, use laptop computers @ed jainters. So the Huber and
Mills analysis seemed to ring true.

But is it? The bulk of the experts who have lool&dit say no, that the
California power problems have a host of causes,riiernet use is not one of

them.

A VAST OVERESTIMATE

Jonathan Koomey, a staff scientist for LawrencekiggrNational Laboratory,
Berkley, Calif., focuses on analyzing the consuorpf electricity by computers
and consumer electronic products. He told that bBkewes the Huber-Mills
estimate of Internet power use is off by a factbeight or more, meaning that
Internet use currently amounts to little more thapercent of U.S. electric power
demand. “In our independent technical peer revidwMills's analysis, we
compared measured data to Mill's assumptions amdlgded that he had vastly
overestimated electricity use in every categorgfo€e equipment,” Koomey said.

Joseph Romm, executive director of the Center foer§y and Climate
Solutions, a division of the Global Environment ahdchnology Foundation,
Annandale, Va., takes issue with the Huber andsMitinclusions. He points out
that in the four years prior to the big Internebbn(1992-1996), growth in the
U.S. gross domestic product (GDP) averaged 3.2epem year, while electricity
demand grew 3 percent a year, he said, GDP groaglaveraged 4 percent a year,
while energy demand is growing only 2.5 percentary“In addition,” he told,
“the Internet era has also been the hottest panitdS. history. So if anybody tells
you that the Internet is an electricity hog,” h&ls&he data refute that”.

Romm, a former U.S. assistant secretary of enevgyehergy efficiency and
renewable energy, thinks there are several reagloypshe GDP is increasing more
quickly than energy demand. He lists gains in potigity, the replacement of old,

energy-hogging computers with more efficient modalsd the increasing ability
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of people to work at home, which reduces both pariation and office energy
costs.

“I believe the single most important thing the et does is allow better use
of existing resources, and the single most unetilizesource is people’s homes —
they are already constructed, and use a lot ofggnehether you are there or not.
One hundred square feet of office place uses 2 M@&/tyear; give me a laptop, let
me work at home, and | save a huge amount of &wgti Chris Lotspeich, a
senior associate at the Rocky Mountain Institube Showmass, Colo., said his
organization agrees with Romm’s analysis. “Strugdtwhanges in the economy,
facilitated by the Internet, are reducing overakgy use,” he told.

For Lotspeich, opportunities for energy savingsuaiob The devices could be
made more efficient, components and systems beupealddmore efficiently, and
the buildings that house them be made more efti@enooling them.

“The biggest problem with computers right now is #ir conditioning needed
for them to operate,” agreed Joe Costello, an gnavgsultant with the Center for
energy Efficiency and Renewable Technologies, $aento, Calif. “But there can
be better ways to design buildings. And in the loag the Internet is going to

greatly reduce our need for energy.

A QUESTION OF QUALITY

The long-term question may not be one of energplguput of energy quality.
“The issue is what | call digital-quality electtyi’ said Karl Stahlkopf, vice
president, power delivery, for the Electric PowasBarch Institute (EPRI), Palo
Alto, Calif. “The silicon revolution has broughtareases in productivity, but at a

price.”
That price is an increased sensitivity to poweragas. Transmission and
distribution systems for electricity were desigrfed a world that could weather

outages of a minute or so without major inconvecgen
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“Today,” Stahlkopf said, “a one-cycle, one-sixtigha-second outage can have
very large consequences.

At Sun Microsystems Inc., for example, also in P&k, outages are estimated
to cost the company US $1 million per minute, beeanf the production lost when
manufacturing lines are interrupted.

EPRI estimates that nowadays lost productivity tlupower outages costs the
United States $50 billion annually. And that numi®tahlkopf said, is rising as
more and more industrial processes come under dempantrol.

“At a steel rolling mill, for example,” he said, ‘‘aower outage knocks the
computer system off-line and interrupts productibnen everything that had been
going through the plant at that time has to be alecy An outage at a paper
manufacturing plant takes one or two shifts torlep and costs about $250000.”

Reducing power outages is not just a matter of igéing more electricity,
which could increase dependence on non-renewasbls. fli may mean that more
local generation of power is needed, to reduce rdgece on the grid.
Additionally, it involves making the transmissiomda distribution grids more
reliable. But, according to Stahlkopf, little inteent is being made in these areas.

CELLPHONE ‘RADAR’ TRACKS TRAFFIC FLOW

Signals from cellphone masts can be used to tracka#, monitor traffic
congestion and spot speeding motorists withoutingoghem off that they are
being watched.

The radar-like system, which is still being develdp has provoked media
reports of the start of a huge extension of BigtBeo-style surveillance — privacy
campaigners have complained that it could be uséchtk individual people. But
radar experts say such fears are unfounded.

Conventional radar works by transmitting a sigtiatening for the reflection
and using the time taken for the round trip to wouk the object’s distance. More

sophisticated systems can work out the object'edpom characteristic changes
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to the signal’'s frequency, known as Doppler sH#ftit such radar systems are
expensive, and the signals they send out are eaistéct.
Position finder

An alternative technique, called passive radars geund these problems.
Instead of broadcasting its own signal, a passadganmr system listens in to the
cacophony of radio signals in the environment arwhitors the way moving
objects change them.

The US defence company Lockheed Martin is devetppisystem called Silent
Sentry which exploits the signals from radio anléwsion masts to spot aircraft
and ships.

Better accuracy

Now two British companies, Hampshire-based Roke dvlaResearch and
aerospace giant BAe Systems, have done the samg with signals from
cellphone masts. They say their system, known dklae short for cellphone
radar, can achieve better accuracy because ce#phonasts are far more
widespread than television and radio transmitters.

Celldar works out the position of objects in theaaby comparing the signals
reflected from them with those it receives diredilgm a base station, whose
positions are known. From the Doppler shift in #hgnal it can also calculate the
target object’s speed.

Celldar has a number of advantages over conveltiagar. The expensive
part in most radar systems is the transmitter, Umxaof the high power
requirements. Because Manor Research is currergiyng a prototype system, and
says it will be two to three years before a fulpecational Celldar goes on sale.

Stealthy shadows

Because the system is passive, drivers will havevanp of telling whether they
are being monitored. It is this characteristic tmadkes passive systems so
attractive to the military, says David Bebbingtantadar expert at the University

of Essex in Colchester, UK.
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Another advantage of passive systems is theirtplii spot “stealthy” and
ships, which are designed to fool conventional ragyatems by absorbing signals
or reflecting them away from the source. To passadar, these objects show up
as shadows that can be spotted.

Civil liberties groups are concerned that the swysteould be adapted or
combined with other technologies to produce a defac tracking people. “l can
see profoundly worrying aspects to the technologgys Simon Davies, director
of Privacy International in London.

A document on Roke Manor Research’s own websitefinglied speculation
that technology could be used in this way, statirag it “can detect vehicles and
even human beings at militarily useful ranges”.

But Bebbington points out Celldar will be virtuallyseless for following
individuals because its resolution is simply nobdcenough. And Roke Manor

Research now says the information on its websillebo&iremoved.

A PRECAUTIONARY RF REPORT

The issue of the effects of cellular telephonesealth took on a new urgency
late this spring. The British government had formaegroup of experts to evaluate
possible ill effects of mobile phones and make meme@ndations for public policy.
In May of this year, the group, chaired by Sir Vdith Stewart, presented its report.

The “balance of evidence,” the committee concludedhat “exposures to RF
energy below (present safety limits) do not causealth effects to the general
population.” But “it is not possible at presentstay that exposure to RF radiation
Is totally without potential adverse health effects

That last remark could surely be said about anyrtelogy.

The report presents a number of “precautionarydmamendations: companies
should avoid siting base stations near schools suahtheir “beam of greatest
intensity” falls on school property “without agreemt from the school and

parents,” phone companies should be discouraged fsiomoting the use of
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cellular phones by children, and consumers shoelgrovided with comparative
information about specific rates (SARs) of mobdeephone handsets.

The Stewart report raises a number of difficult sjioms. One is how to make
wise use of precautionary recommendations. Jussiagvagainst the marketing of
cellular phones to children gives a strong imprasghat a real health problem
exist — contrary to the conclusions of the Stewammittee.

And now can a member of the public make effectige of the data about
specific absorption rate (SARs) from mobile phonesers can quickly become
enmeshed in technical details that have no denabistrelation to risk. There are
some general principles — the RF energy from digaadsets is usually lower than
from analog units, and the RF energy from PCS hetadsgperating near 1900 MHz
reaches more superficial layers of the head thanhftbm older cellular handsets
operating at 850 MHz.

Nevertheless, the output of the most modern handsedaptively determined
by the base station. Consequently, a user's expdsuRF energy from a high-
SAR phone in a region of strong base-station sigmight easily be lower than
from a low-SAR phone in a weak signal area.

Then what aspects of the exposure should be redutled peak SAR in the
head or the 1-gram or 10-gram averaged SAR? Shmais prefer an analog unit
(which emits continuous-wave energy) with an SARrneegulatory limits, or a
digital unit (which emits energy in brief pulseshege peak SAR might exceed the
average SAR from the analog unit?

Even more problematic are devices on the markdtghgort to reduce the
user’s exposure to cell phone radiation by shigldime head so as to absorb RF
energy from the antenna. The effectiveness of tdeseces in the real world has
not been demonstrated, and there is no sciengfstsito claim that these devices
benefit health in any way. (However, contrary tonsomedia reports, hands-free
devices that move the handset away from the ubedyg do reduce exposure.) The

market for such devices exists because of pubhdtineoncerns, and the ethics of
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exploiting such concerns for commercial purposeshaut any basis for

anticipating real health benefits is troubling.

CAMERA-TELESCOPE SETUP ISOLATES GAS LEAKS

Detecting gas leaks is important at chemical faesoand pipelines, at the
scenes of gas-tanker accidents, and around ais ialed outlets in indoor work
areas. Geologies also like to study emissions fvotnanoes or mines, and other
scientists need information about the greenhousesgamitted by farms and
swamps. Jonas Sandsten and his colleagues at ttelhstitute of Techonology
(Lund, Sweden) have developed a method of imagasyleaks in real time using
ambient temperatures and an infrared (IR) camdray Fay this passive method is
better for real-time imaging of emissions than tegbes using lidar, which they
consider more limited in range and imaging capisli

Key to the technique is use of a gas-correlatidh which acts as filter to the
stronger absorption lines of the gas it is filledhwBy comparing an image taken
trough the correlation cell to the same image withtbe cell, the researchers can
verify that the gas they’re looking for is in fabe gas they're seeing.

Sandsten’s team set up an experiment that usech&duut, rusty gas tank. The
measurements were made in southern Sweden in Ssgtewith mostly sunny
conditions and an ambient air temperature o€1® 21C. The tanker provided a
background with a surface temperature ofC3@ 40C and an emissivity of 0.9.
Researchers attached tubes to the tanker, whicto flaottles containing ammonia,
ethylene, and methane, to estimate gas leaks.

The detector, placed 20 m away, consisted of a eQam® split-mirror
telescope with a total receiving area of 2x10,dmo primary spherical aluminum
mirrors, and a secondary spherical aluminum mirfdre IR camera had a low
noise-equivalent temperature difference of 80 m amaximum relative spectral
response at 11 um, chosen because the gasesrtheésdooking for have unique

spectral properties in the 3-to 13-um region. Feasuring gases with absorption
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around 10 m, they used zinc selenide with an di#ateon coating to make the
windows for the gas-correlation cell. For gasesvaibsorption around 8 m, they
used calcium fluoride.

The telescope took in two simultaneous images, passed trough the
correlation cell and one without it. The images avpassed to the IR camera,
equipped with interference filters on a filter wheehich then fed them to a PC. A
frame grabber allowed the PC to record real-timages at 12 bits, 272x136
pixels, and 15 frames/s. A separate charge-couggette camera recorded the
whole scene in visible light. The computer overldud images and processed them
to create a movie showing the gas leak. With thepse&Sandsten’s team was able
to detect down to 220 parts per million of ammomien the temperature
difference between the background and the gasweak18C.

The researchers say that it should be possibleomigtto detect leaks but to
measure the amount of gas escaping, although thaires knowing the
temperature difference between the gas and thegbmakd. They have recently
developed a new telescope that improves the satysdnd image quality and plan
to test it under varying weather conditions. A ceangensitive in the 8-to 14-um
region would make it possible to monitor severatega “We will explore the
possibility of monitoring other gases, especiallydtocarbon emissions from
petrochemical factories,” Sandsten said.

They even picture a detector that could be carabdard a helicopter to
monitor pipelines. The fact that the two images araptured exactly

simultaneously eliminates any problems from motbthe detector.

DOES ADDING MORE RAM TO YOUR COMPUTER MAKE IT FASTE R?

Up to a point, addinRAM (random access memory) will normally cause your
computer to feel faster on certain types of opensti RAM is important because
of anoperating systeraomponent called thartual memory manager (VMM).
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When you run a program such as a word processan dnternet browser, the

microprocessoin your computer pulls thexecutable fileoff the hard disk and

loads it into RAM. In the case of a big prograneliMicrosoft Word or Excel, the
EXE consumes aboutbegabytesThe microprocessor also pulls in a number of
shared DLLs (dynamic link libraries) -- shared ggof code used by multiple
applications. The DLLs might total 20 or 30 megaisytThen the microprocessor
loads in the data files you want to look at, whinlght total several megabytes if
you are looking at several documents or browsipgge with a lot of graphics. So
a normal application needs between 10 and 30 mégmloy RAM space to run.
On my machine, at any given time | might have tb#ofWing applications

running:

A word processor

A spreadsheet

A DOS prompt

An e-mail program

A drawing program

Three or four browser windows

A fax program

A Telnet session

Besides all of those applications, the operatirgjesy itself is taking up a good

bit of space. Those programs together might ne@dtd A50megabytef RAM,
but my computer only has 64 megabytes of RAM itexdial

The extra space is created by theual memorymanager. The VMM looks at

RAM and finds sections of RAM that are not currgntleeded. It puts these
sections of RAM in a place called tisevap file on thehard disk For example,
even though | have my e-mail program open, | haveaked at e-mail in the last
45 minutes. So the VMM moves all of the bytes mgkiip the e-mail program's
EXE, DLLs and data out to the hard disk. That idedaswapping out the

program. The next time | click on the e-mail prograhe VMM will swap in all
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of its bytes from the hard disk, and probably sveamething else out in the
process. Because the hard disk is slow relatiAM, the act of swapping things
in and out causes a noticeable delay.

If you have a very small amount of RAM (say, 16 ailgges), then the VMM
is always swapping things in and out to get anything domethlat case, your
computer feels like it is crawling. As you add m&a&M, you get to a point where
you only notice the swapping when you load a nevgram or change windows. If
you were to put 256 megabytes of RAM in your coreputhe VMM would have
plenty of room and you would never see it swap@ngthing. That is as fast as
things get. If you then added more RAM, it woulddao effect.

Some applications (things like Photoshop, many dl@mrg) most film editing
and animation packages) need tons of RAM to da {bbi If you run them on a
machine with too little RAM, they swap constantlydarun very slowly. You can
get a huge speed boost by adding enough RAM toirgien the swapping.
Programs like these may run 10 to 50 times fastee they have enough RAM!

HOW FLASH MEMORY WORKS

Electronic memory comes in a variety of forms toveea variety of purposes.
Flash memory is used for easy and fast informasitmmage in such devices as

digital camerasnd homesZideo game console#l is used more aslard drivethan

asRAM. In fact, Flash memory is consideredaid state storage device. Solid
state means that there are no moving parts -- thegyis electronic instead of

mechanical.

Here are a few examples of Flash memory:
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Your computer's BIOS chip

CompactFlash (most often found in digital cameras)

SmartMedia (most often found in digital cameras)

Memory Stick (most often found in digital cameras)

PCMCIA Type | and Type Il memory cards (used asdsstiate disks in
laptops)

Memory cards for video game consoles

In this article, we'll find out how Flash memory ske and look at some of the

forms it takes and types of devices that use it.

Flash Memory Basics

We discussed the underlying technology of Flash amgnm How ROM Works

but here's a quick review:

Flash memory is a type &EPROM chip. It has a grid of columns and rows

with a cell that has two transistors at each ieteren.

The two transistors are separated from each otharthin oxide layer. One of
the transistors is known asflaating gate, and the other one is tlw®ntrol gate.
The floating gate's only link to the row, wordline, is through the control gate.
As long as this link is in place, the cell has &agaf 1. To change the valueto a0
requires a curious process calledwler-Nordheim tunneling. Next, we'll talk

about tunneling.

HOW DO THE SHOPLIFTING PREVENTION SYSTEMS IN STORES
WORK?

There's a lot of methods retailers use lass prevention A very popular
method is to use a system that attaches sptmalonto everything so that an

alarm goes off whenever a shoplifter tries to walk with an item.
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Thesetag-and-alarm systembetter known asglectronic article surveillance

(EAS) systems, identify articles as they pass throughatad area in a store. This
identification is used to alert someone that unawutled removal of items is being
attempted. Using an EAS system enables the retaildrsplay popular items on
the floor, where they can be seen, rather thannguthem in locked cases or

behind the counter.

The type of EAS system dictates how wide the exitéance aisle may be, and
the physics of a particular EAS tag and technoldgiermines which frequency
range is used to create a surveillance area. EA&rsg range from very low

frequencies through the radio frequency range ks@e Radio Scanners Woxk

These EAS systems operate on different princi@es,not compatible and have

specific benefits and disadvantages.
Three types of EAS systems dominate the retailstrgiu

Radio Frequency (RF) Systemsre the most widely used systems in the
United States today and RF tags and labels arengetmaller all the
time. A label that contains a miniature, disposaetronic circuit and
antenna is attached to a product. The label responds tspecific
frequency emitted by a transmitter antenna (usuatly pedestal of the
entry/exit gate). The response from the label entipicked up by an
adjacent receiver antenna (the other pedestals plocesses the label
response signal and will trigger an alarm whenatahes specific criteria.
The distance between the two gates, or pedestaishe up to 80 inches
wide. Operating frequencies for RF systems generafige from 2 to 10
MHz (millions of cycles per second); this has beeastandard in many
countries. Most of the time, RF systems usequency sweegechnique
in order to deal with different label frequencies.
TheElectromagnetic (EM) system which is dominant in Europe, is used
by many retail chain stores, supermarkets andrlégsaround the world.
In this technology, a magnetic, iron-containingipstwith an adhesive
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layer is attached to the merchandise. This stnptyemoved at checkout
-- it's simply deactivated by a scanner that ussepegific highly intense
magnetic field. One of the advantages of the ENp s& that it can be
reactivated and used at a low cost. What most peogfer to as an
electromagnetic tag is actually a metal wire oraoib that has high
permeability, making it easy for magnetic signals to flow thgbut. A

magnetized piece of semi-hard magnetic materiai¢hly, a weak

magnet) is put up next to the active material tactigate it. When you
magnetize the semi-hard material, it saturatestageand puts it in its

inactive saturated state.

The EM system works by applying intensive low freqay magnetic
fields generated by the transmitter antenna. Wherstrip passes through
the gate, it will transmit a unique frequency paiterhis pattern is, in
turn, being picked up by an adjacent receiver argefhe small signal is
processed and will trigger the alarm when the dpe@attern is
recognized. Because of the weak response of tipe tte low frequency
(typically between 70 Hz and 1 kHz) and intensindf required by the
EM system, EM antennas are larger than those ugadost other EAS
systems. The maximum distance between entry pdslastd0 inches.
Also, because of the low frequency here, the stops be directly
attached to metal surfaces. That's why EM systeraspapular with
hardware, book and record stores. (Check oupditentfor more details!)

Another magnetic technology is taeousto-magnetic systegmwhich has
the ability to protect wide exits and allows forghispeed label
application. It uses a transmitter to create aealiance area where tags
and labels are detected. The transmitter senddi@fraquency signal (of
about 58 kHz) in pulses, which energize a tag & gurveillance zone.
When the pulse ends, the tag responds, emittimggéesrequency signal

like a tuning fork. While the transmitter is off theen pulses, the tag
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signal is detected by a receiver. A microcomputercks the tag signal
detected by the receiver to ensure it is at thhtrigequency, is time-
synchronized to the transmitter, and that it ishat proper level and the
correct repetition rate. If all these criteria aret, the alarm occurs.

In each case, an EAS tag or label is attached titeamn. The tag is then
deactivated or taken from an active state where it will alamEAS system to an
inactive state where it will not flag the alarm.eTtlisposable tag is deactivated by
swiping it over a pad or with a handheld scannat thells" the tag it's been
authorized to leave the store. If the item hashe®n deactivated or detached by
the clerk, when it is carried through the gatesalanm will sound.

The use of EAS systems does not completely elimisabplifting. However,
experts say, theft can be reduced by 60 percemooe when a reliable system is

used. Be sure to readow Anti-Shoplifting Devices Workfor more in-depth

information on this subject.

SPEECH TO DATA

To convert speech to on-screen text or a comporan@and, a computer has to
go through several complex steps. When you speak,cyeate vibrations in the
air. The analog-to-digital converter (ADC) translates this analog wave into
digital data that the computer can understand. d thts, itsamples or digitizes,
the sound by taking precise measurements of the \@a¥requent intervals. The
system filters the digitized sound to remove unedmoise, and sometimes to
separate it into different bands foéquency (frequency is the wavelength of the
sound waves, heard by humans as differences ih)pilt also normalizes the
sound, or adjusts it to a constant volume leveidty also have to be temporally
aligned. People don't always speak at the samedsgeethe sound must be
adjusted to match the speed of the template soamgles already stored in the
system's memory.
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Next the signal is divided into small segmentshagtsas a few hundredths of a
second, or even thousandths in the cag®#asive consonant sounds- consonant
stops produced by obstructing airflow in the votrakt -- like "p" or "t." The
program then matches these segments to knolamemesin the appropriate
language. A phoneme is the smallest element ohgukge -- a representation of
the sounds we make and put together to form meaniegpressions. There are
roughly 40 phonemes in the English language (ciffedinguists have different
opinions on the exact number), while other langgabave more or fewer

phonemes.

The next step seems simple, but it is actuallyniost difficult to accomplish
and is the is focus of most speech recognitionarebe The program examines
phonemes in the context of the other phonemes drtinem. It runs the contextual
phoneme plot through a complex statistical model emmpares them to a large
library of known words, phrases and sentences pfbgram then determines what
the user was probably saying and either outpués itext or issues a computer

command.

SPEECH RECOGNITION AND STATISTICAL MODELING

Early speech recognition systems tried to applyet o grammatical and
syntactical rules to speech. If the words spokemfo a certain set of rules, the
program could determine what the words were. Howelreman language has
numerous exceptions to its own rules, even whemsibken consistently. Accents,
dialects and mannerisms can vastly change the wedgic words or phrases are
spoken. Imagine someone from Boston saying the wbedin." He wouldn't
pronounce the "r* at all, and the word comes ouimihg with "John." Or consider
the sentence, "I'm going to see the ocean." Magplpedon't enunciate their words
very carefully. The result might come out as "I'oinj da see tha ocean." They run
several of the words together with no noticeabéaky such as "I'm goin™ and "the
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ocean." Rules-based systems were unsuccessfuldeettary couldn't handle these
variations. This also explains why earlier systesnsld not handle continuous
speech -- you had to speak each word separatdly, avbrief pause in between

them.

Today's speech recognition systems use powerfulcangplicatedstatistical
modeling systems These systems use probability and mathematicettifans to
determine the most likely outcome. According toRl@karofolo, Speech Group
Manager at the Information Technology Laboratorytleé National Institute of
Standards and Technology, the two models that damnithe field today are the
Hidden Markov Model and neural networks. These w@shinvolve complex
mathematical functions, but essentially, they t#ke information known to the

system to figure out the information hidden from it

The Hidden Markov Model is the most common, solvwale a closer look at
that process. In this model, each phoneme is likenkain a chain, and the
completed chain is a word. However, the chain brasoff in different directions
as the program attempts to match the digital sawitidl the phoneme that's most
likely to come next. During this process, the pargrassigns a probability score to
each phoneme, based on its built-in dictionary aset training.

This process is even more complicated for phrasdssantences -- the system
has to figure out where each word stops and stéhs. classic example is the
phrase "recognize speech," which sounds a lot"Wgeck a nice beach" when you
say it very quickly. The program has to analyzeghenemes using the phrase that
came before it in order to get it right. Why isstlsib complicated? If a program has
a vocabulary of 60,000 words (common in today'g@ms), a sequence of three
words could be any of 216 trillion possibilitiesb¥dously, even the most powerful

computer can't search through all of them withame help.

That help comes in the form of program trainingcéwling to John Garofolo:
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These statistical systems need lots of exemplamiig data to reach their optimal
performance -- sometimes on the order of thousahtsurs of human-transcribed
speech and hundreds of megabytes of text. Thesengadata are used to create
acoustic models of words, word lists, and [...] tmwiord probability networks.

There is some art into how one selects, compildspa@pares this training data for
"digestion” by the system and how the system moadeds'tuned" to a particular
application. These details can make the differebetveen a well-performing

system and a poorly-performing system -- even wheimg the same basic

algorithm.

While the software developers who set up the systenitial vocabulary
perform much of this training, the end user musb apend some time training it.
In a business setting, the primary users of thgnara must spend some time
(sometimes as little as 10 minutes) speaking ih&o dystem to train it on their
particular speech patterns. They must also trarsgistem to recognize terms and
acronyms particular to the company. Special edstiam speech recognition
programs for medical or legal offices have termsicmnly used in those fields

already trained into them.

THE FUTURE OF SPEECH RECOGNITION

The first developments in speech recognition peedate invention of the
modern computer by more than 50 years. Alexandah&n Bell was inspired to
experiment in transmitting speech by his wife, whas deaf. He initially hoped to
create a device that would transform audible warttsa visible picture that a deaf
person could interpret. He did produce spectrogcaphages of sounds, but his
wife was unable to decipher them. That line of aesle eventually led to his

invention of theelephone

For several decades, scientists developed expdaamemethods of

computerized speech recognition, but the compytioger available at the time
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limited them. Only in the 1990s did computers pduleenough to handle speech
recognition become available to the average consutnerent research could lead
to technologies that are currently more familiamam episode of "Star Trek." The
Defense Advanced Research Projects Agency (DARP#9 three teams of
researchers working on Global Autonomous Languaggoiation (GALE), a
program that will take in streams of informatioorfr foreign news broadcasts and
newspapers and translate them. It hopes to credtease that can instantly
translate two languages with at least 90 percesuracy. "DARPA is also funding
an R&D effort called TRANSTAC to enable our soldigb communicate more
effectively with civilian populations in non-Endfisspeaking countries," said
Garofolo, adding that the technology will undoulbyedpin off into civilian

applications, including a universal translator.

A universal translator is still far into the fututeowever -- it's very difficult to
build a system that combines automatic translatwith voice activation
technology. According to a rece@NN article the GALE project is "DARPA
hard' [meaning] difficult even by the extreme stmis" of DARPA. Why? One
problem is making a system that can flawlessly leamdadblocks like slang,
dialects, accents and background noise. The diffeyeammatical structures used
by languages can also pose a problem. For exampbjc sometimes uses single

words to convey ideas that are entire sentencgéagtish.

At some point in the future, speech recognition magcome speech
understanding. The statistical models that allompoters to decide what a person
just said may someday allow them to grasp the meatbehind the words.
Although it is a huge leap in terms of computatlopawer and software
sophistication, some researchers argue that speeofnition development offers
the most direct line from the computers of todayrte artificial intelligence. We

can talk to our computers today. In 25 years, thay very well talk back.
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WHY IS A CELL PHONE CALLED A “CELL" PHONE?

One of the most interesting things abouted phonels that it is really aadio
Before cell phones, people who needed mobile contations ability installed
radio telephonesin their cars. In the radio telephone system elvess one central
antenna tower per city, and perhaps 25 channeldabldaon that tower. The
cellular phone system divides the area of a citp ismall cells This allows
extensivefrequency reuseacross a city, so that millions of people can cskk

phones simultaneously.

Here's how it works: The carrier chops up an aseah as a city, into cells.
Each cell is typically sized at about 10 squareesmperhaps 3 miles x 3 miles).
Cells are normally thought of as hexagons on ehbigagonal grid. Each cell has a
base stationthat consists of a tower and a small building ammg the radio
equipment. Cell phones have low-power transmittethiem and the base station

Is also transmitting at low power. Low-power tramsens have two advantages:

The power consumption of the cell phone, which asnmally battery-
operated, is relatively low. Low power means srbaliteries and this is
what has made handheld cellular phones possible.
The transmissions of a base station and the pheitlem its cell do not
make it very far outside that cell. Therefore, £albn use the same 56
frequencies. The same frequencies can be reusedsely across the
city.
The cellular approach requires a large number e€ Istations in a city of any
size. A typical large city can have hundreds ofdmyBut because so many people
are using cell phones, costs remain fairly low pser. Each carrier in each city

also runs one central office called tivobile Telephone Switching Office
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(MTSO). This office handles all of the phone cortioets to the normal land-based
phone system, and controls all of the base statmotige region.

As you move toward the edge of your cell, your'sdihse station will note that
your signal strength is diminishing. Meanwhile, these station in the cell you are
moving toward (which is listening and measuring naig strength on all
frequencies, not just its own one-seventh) willaide to see your phone's signal
strength increasing. The two base stations coaelitldemselves through the
MTSO, and at some point, your phone gets a sigma oontrol channel telling it

to change frequencies. Thiand off switches your phone to the new cell.

Millions of people in theUnited Statesand around the world useellular

phones They are such great gadgets -- with a cell phgoe,can talk to anyone

on the planet from just about anywhere!

These days, cell phones provide an incredible aftdynctions, and new ones are

being added at a breakneck pace. Depending oretlhghmne model, you can:

Store contact information

Make task or to-do lists

Keep track of appointments and set reminders

Use the built-in calculator for simple math

Send or receive-malill

Get information (news, entertainment, stock quadtesh thelnternet
Play games

WatchTV

Sendtext messages

Integrate other devices suchRIBAs MP3 playersaandGPS receivers

Your Browser Does Not Support iFrames

But have you ever wondered how a cell phone wowbat makes it different
from a regular phone? What do all those terms FKeS, GSM, CDMA and
TDMA mean? In this article, we will discuss thehrology behind cell phones so
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that you can see how amazing they really are. Uf g thinking about buying a
cell phone, be sure to check dibw Buying a Cell Phone Worksto learn what

you should know before making a purchase.

To start with, one of the most interesting thingsw a cell phone is that it is
actually aradio -- an extremely sophisticated radio, but a radioatheless. The
telephonewas invented by Alexander Graham Bell in 1876, amideless
communication can trace its roots to the inventbthe radio by Nikolai Tesla in
the 1880s (formally presented in 1894 by a youradialh named Guglielmo
Marconi). It was only natural that these two gteathnologies would eventually be
combined.

The first thing you probably think of when you dBe wordsnight vision is a
Spy or action movie you've seen, in which somedragps on a pair of night-vision
goggles to find someone else in a dark building @noonless night. And you may

have wondered "Do those things really work? Canaaually see in the dark?"

The answer is most definitely yes. With the propight-vision equipment, you
can see a person standing over 200 yards (183 my aw a moonless, cloudy
night! Night vision can work in two very differenways, depending on the
technology used.

Image enhancement This works by collecting the tiny amounts ofhig
including the lower portion of the infrared lighdectrum, that are present
but may be imperceptible to our eyes, and amplifyirto the point that
we can easily observe the image.

Thermal imaging - This technology operates by capturing the upper
portion of the infrared light spectrum, which isi#ted as heat by objects
instead of simply reflected as light. Hotter obgguch as warm bodies,

emit more of this light than cooler objects likeds or buildings.
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In this article, you will learn about the two majoight-vision technologies.
We'll also discuss the various types of night-wiseguipment and applications.
But first, let's talk about infrared light.

Infrared Light

In order to understand night vision, it is impofttdao understand something
aboutlight. The amount of energy in a light wave is relatedt$ wavelength:
Shorter wavelengths have higher energy. Of visllgbt, violet has the most
energy, and red has the least. Just next to thidevigght spectrum is thmfrared

spectrum.
Infrared light can be split into three categories:

Near-infrared (near-IR) - Closest to visible light, near-IR has
wavelengths that range from 0.7 to Inficrons, or 700 billionths to
1,300 billionths of a meter.

Mid-infrared (mid-IR) - Mid-IR has wavelengths ranging from 133
microns. Both near-IR and mid-IR are used by aetarof electronic

devices, includingemote controls

Thermal-infrared (thermal-IR) - Occupying the largest part of the
infrared spectrum, thermal-IR has wavelengths rapfliom 3 microns to

over 30 microns.

The key difference between thermal-IR and the otWeris that thermal-IR is
emitted by an object instead aotflectedoff it. Infrared light is emitted by an

object because of what is happening ataioenic level.

Atoms

Atoms are constantly in motion. They continuously vieramove and rotate.
Even the atoms that make up the chairs that we aite moving around. Solids are
actually in motion! Atoms can be in different s&atd excitation. In other words,

they can have different energies. If we apply afatnergy to an atom, it can leave
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what is called thground-state energy leveland move to aexcited level The
level of excitation depends on the amount of eneqgplied to the atom via heat,
light or electricity.

An atom consists of aucleus (containing theprotons andneutrons) and an
electron cloud Think of the electrons in this cloud as circliiig nucleus in many
different orbits. Although more modern views of the atom do noticteghscrete
orbits for the electrons, it can be useful to thotkthese orbits as the different
energy levels of the atom. In other words, if w@lgpsome heat to an atom, we
might expect that some of the electrons in the foeweergy orbitals would

transition to higher energy orbitals, moving fartrem the nucleus.

Once an electron moves to a higher-energy orlet/entually wants to return to
the ground state. When it does, it releases itsggres aphoton -- a particle of
light. You see atoms releasing energy as photdritkatime. For example, when

the heating element intaasterturns bright red, the red color is caused by atoms

excited by heat, releasing red photons. An ex@tedtron has more energy than a
relaxed electron, and just as the electron absabeek amount of energy to reach
this excited level, it can release this energydtum to the ground state. This
emitted energy is in the form of photons (light yy¢. The photon emitted has a
very specific wavelength (color) that depends andtate of the electron's energy
when the photon is released.

Anything that is alive uses energy, and so do maayimate items such as
enginesandrockets Energy consumption generates heat. In turn, tmades the

atoms in an object to fire off photons in the thakmfrared spectrum. The hotter
the object, the shorter the wavelength of the mefitgohoton it releases. An object
that is very hot will even begin to emit photonsthe visible spectrum, glowing

red and then moving up through orange, yellow, blug eventually white. Be sure

to readHow Light Bulbs Work How Lasers WorkandHow Light Worksfor more

detailed information on light and photon emission.

Thermal Imaging
us



Here's how thermal imaging works:
1. A special lens focuses the infrared light emittgdali of the objects in
view.

2. The focused light is scanned by pdased arrayof infrared-detector

elements. The detector elements create a veryetbtamperature pattern
called athermogram. It only takes about one-thirtieth of a secondtha
detector array to obtain the temperature infornmatio make the
thermogram. This information is obtained from saVénousand points in
the field of view of the detector array.

3. The thermogram created by the detector elememtanslated into electric
impulses.

4. The impulses are sent to a signal-processing armircuit board with a
dedicated chip that translates the information ftbeelements into data
for the display.

5. The signal-processing unit sends the informatiotheodisplay, where it
appears as various colors depending on the inyewsitthe infrared
emission. The combination of all the impulses fralnof the elements

creates the image.
Types of Thermal Imaging Devices

Most thermal-imaging devices scan at a rate ofifd@g per second. They can
sense temperatures ranging from -4 degrees Falirdr?@ degrees Celsius) to
3,600F (2,000C), and can normally detect changes in temperatuedout 0.4
(0.2C).

There are two common types of thermal-imaging deszic

Un-cooled - This is the most common type of thermal-imagdeyice.
The infrared-detector elements are contained imif that operates at
room temperature. This type of system is completphjet, activates
immediately and has thmatterybuilt right in.
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Cryogenically cooled- More expensive and more susceptible to damage
from rugged use, these systems have the elementsdséside a
container that cools them to below BZzero C). The advantage of such a
system is the incredible resolution and sensitithigt result from cooling
the elements. Cryogenically-cooled systems can""sedifference as
small as 0.F (0.1IC) from more than 1,000 ft (300 m) away, which is
enough to tell if a person is holding a gun at thstance!

Image Enhancement

Image-enhancement technology is what most peojph& tf when you talk
about night vision. In fact, image-enhancementesystare normally callegight-
vision devices(NVDs). NVDs rely on a special tube, callediarage-intensifier
tube, to collect and amplify infrared and visible light

Here's how image enhancement works:

1. A conventional lens, called tlbjective lens captures ambient light and

some near-infrared light.

2. The gathered light is sent to the image-intenstii®e. In most NVDs, the
power supply for the image-intensifier tube receipewer from two N-
Cell or two "AA" batteries The tube outputs a high voltage, about 5,000
volts, to the image-tube components.

3. The image-intensifier tube hasphotocathode which is used to convert
the photons of light energy into electrons.

4. As the electrons pass through the tube, similartreles are released from
atoms in the tube, multiplying the original numbé&electrons by a factor
of thousands through the use ah&rochannel plate (MCP) in the tube.
An MCP is a tiny glass disc that has millions ofcroscopic holes

(microchannels) in it, made usirfiper-optic technology The MCP is

contained in a vacuum and has metal electrodegloer side of the disc.
Each channel is about 45 times longer than it tewand it works as an
electron multiplier.
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When the electrons from the photo cathode hit tts¢ électrode of the

MCP, they are accelerated into the glass microatlanoy the 5,000-V

bursts being sent between the electrode pair. éstrehs pass through
the microchannels, they cause thousands of otketrehs to be released
in each channel using a process caltadcaded secondary emission

Basically, the original electrons collide with tlsgde of the channel,
exciting atoms and causing other electrons to leased. These new
electrons also collide with other atoms, creatinghain reaction that

results in thousands of electrons leaving the chlawmere only a few

entered. An interesting fact is that the microclesinn the MCP are

created at a slight angle (about a 5-degree tog8edebias) to encourage
electron collisions and reduce both ion and dihgttt feedback from the

phosphors on the output side.

5. At the end of the image-intensifier tube, the etmtd hit a screen coated
with phosphorsThese electrons maintain their position in relatio the
channel they passed through, which provides a gtenfieage since the
electrons stay in the same alignment as the ofiginatons. The energy
of the electrons causes the phosphors to reackcited state and release
photons. These phosphors create the green imagfeeascreen that has
come to characterize night vision.

6. The green phosphor image is viewed through anddres, called the
ocular lens which allows you to magnify and focus the imaglee NVD
may be connected to an electronic display, sucla esnitor, or the

image may be viewed directly through the oculaslen

Generations

NVDs have been around for more than 40 years. Tdreycategorized by
generation Each substantial change in NVD technology eshbl a new

generation.
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Generation 0 - The original night-vision system created by theited
States Army and used in World War Il and the Korééar, these NVDs
use active infrared. This means that a projection unit, called I&
[lluminator , is attached to the NVD. The unit projects a bedmear-
infrared light, similar to the beam of a normalsfiéight. Invisible to the
naked eye, this beam reflects off objects and besiback to the lens of
the NVD. These systems use an anode in conjuneiitnthe cathode to
accelerate the electrons. The problem with thatraggh is that the
acceleration of the electrons distorts the image gneatly decreases the
life of the tube. Another major problem with thischnology in its
original military use was that it was quickly dwgated by hostile nations,
which allowed enemy soldiers to use their own N\{@see the infrared
beam projected by the device.

Generation 1- The next generation of NVDs moved away from\aeti
infrared, usingpassive infrared instead. Once dubbestarlight by the
U.S. Army, these NVDs use ambient light providedhs moon andtars
to augment the normal amounts of reflected infranethe environment.
This means that they did not require a source ojepted infrared light.
This also means that they do not work very wellctoudy or moonless
nights. Generation-1 NVDs use the same image-iifitenstube
technology as Generation 0, with both cathode amod@ so image
distortion and short tube life are still a problem.

Generation 2- Major improvements in image-intensifier tubesuléed in
Generation-2 NVDs. They offer improved resolutiomd goerformance
over Generation-1 devices, and are considerablye metiable. The
biggest gain in Generation 2 is the ability to seextremely low light
conditions, such as a moonless night. This incoeaseasitivity is due to
the addition of the microchannel plate to the imagensifier tube. Since
the MCP actually increases the number of electnmssead of just
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accelerating the original ones, the images areifgigntly less distorted
and brighter than earlier-generation NVDs.

Generation 3- Generation 3 is currently used by the U.S. amjit While
there are no substantial changes in the underlyaaipnology from
Generation 2, these NVDs have even better resalimd sensitivity.
This is because the photo cathode is made yghigim arsenide which
Is very efficient at converting photons to elecgoAdditionally, the MCP
Is coated with an ion barrier, which dramaticatigreases the life of the
tube.

Generation 4- What is generally known as Generation 4 or 'tigles and
gated" technology shows significant overall impnmeat in both low-

and high-level light environments.

The removal of the ion barrier from the MCP thatswadded in
Generation 3 technology reduces the backgroundenaisd thereby
enhances the signal to noise ratio. Removing thdilim actually allows
more electrons to reach the amplification stagehstd the images are

significantly less distorted and brighter.

The addition of an automatic gated power supplytesysallows the
photocathode voltage to switch on and off rapidihereby enabling the
NVD to respond to a fluctuation in lighting conditis in an instant. This
capability is a critical advance in NVD systemsthat it allows the NVD
user to quickly move from high-light to low-lighor from low-light to

high-light) environments without any halting effectFor example,
consider the ubiquitous movie scene where an ag&ng night vision

goggles is “sightless” when someone turns on at ligdarby. With the
new, gated power feature, the change in lightingldiot have the same
impact; the improved NVD would respond immediat&dythe lighting

change.
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Many of the so-called "bargain" night-vision scopese Generation-O or
Generation-1 technology, and may be disappointiggu expect the sensitivity of
the devices used by professionals. Generation-Be@éon-3 and Generation 4
NVDs are typically expensive to purchase, but thl/last if properly cared for.
Also, any NVD can benefit from the use of an IRuflinator in very dark areas
where there is almost no ambient light to collect.

A cool thing to note is that every single imagesmdifier tube is put through
rigorous tests to see if it meets the requiremseatsforth by the military. Tubes
that do are classified a8ILSPEC . Tubes that fail to meet military requirements
in even a single category are classifieC@&MSPEC.

Night Vision Equipment and Applications

Night-vision equipment can be split into three lokgategories:
Scopes- Normally handheld or mounted on a weapon, scogeEs
monocular (one eye-piece). Since scopes are handheld, not e
goggles, they are good for when you want to gedteeblook at a specific
object and then return to normal viewing conditions
Goggles- While goggles can be handheld, they are mosioftorn on
the head. Goggles ab@nocular (two eye-pieces) and may have a single
lens or stereo lens, depending on the model. Gsgayle excellent for
constant viewing, such as moving around in a daiklimg.
Cameras- Cameraswith night-vision technology can send the imaga to
monitor for display or to aVCR for recording. When night-vision
capability is desired in a permanent location, saslon a building or as

part of the equipment in Belicopter cameras are used. Many of the
newercamcorderfhiave night vision built right in.

Applications
Common applications for night vision include:

Military
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Law enforcement
Hunting

Wildlife observation
Surveillance

Security

Navigation
Hidden-object detection

Entertainment

The original purpose of night vision was to locateemy targets at night. It is
still used extensively by the military for that pose, as well as for navigation,
surveillance and targeting. Police and securitgrofise both thermal-imaging and
image-enhancement technology, particularly for sillance. Hunters and nature
enthusiasts use NVDs to maneuver through the wabdight.

Detectives and private investigators use nightonido watch people they are
assigned to track. Many businesses have permarmoiyted cameras equipped

with night vision to monitor the surroundings.

A really amazing ability of thermal imaging is thatreveals whether an area
has been disturbed -- it can show that the grouasl tbeen dug up to bury
something, even if there is no obvious sign torthked eye. Law enforcement has
used this to discover items that have been hidgecriminals, including money,
drugs and bodies. Also, recent changes to aredsasigvalls can be seen using

thermal imaging, which has provided important clueseveral cases.

Many people are beginning to discover the uniquddmbat can be found after
darkness falls. If you're out camping or huntingtachances are that night-vision
devices can be useful to you -- just be sure tdlgetight type for your needs.

If you have been using the Internet for any lergjthme, and especially if you
work at a larger company and browse the Web wtlole gre at work, you have

probably heard the terrfirewall used. For example, you often hear people in
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companies say things like, "l can't use that s#tiealise they won't let it through the

firewall."

If you have a fast Internet connection into youmieo(either &@SL connection

or acable moderny you may have found yourself hearing about firksvi@r your

home networkas well. It turns out that a small home network haany of the

same security issues that a large corporate netdaek. You can use a firewall to
protect your home network and family from offensivéeb sites and potential
hackers.

Basically, a firewall is a barrier to keep destnuetforces away from your
property. In fact, that's why its called a firewdts job is similar to a physical
firewall that keeps a fire from spreading from aarea to the next. As you read
through this article, you will learn more aboutfiralls, how they work and what
kinds of threats they can protect you from.

What is the Year 2038 problem?

TheYear 2000 problens understood by most people these days becauke of

large amount of media attention it received.

Most programs written in th€ programming languagare relatively immune

to the Y2K problem, but suffer instead from tivear 2038 problem This
problem arises because most C programs use aylilmfaroutines called the

standard time library . This library establishes a standard 4-byte forfoathe

storage of time values, and also provides a numbdunctions for converting,

displaying and calculating time values.

The standard 4-byte format assumes that the beginningtohe is January 1,
1970, at 12:00:00 a.m. This value is 0. Any tim&dealue is expressed as the
number of seconds following that zero value. So tatue 919642718 is
919,642,718 seconds past 12:00:00 a.m. on Janyat®7D, which is Sunday,
February 21, 1999, at 16:18:38&cific time (U.S.). This is a convenient format
because if you subtract any two values, what ydusgg number of seconds that is
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the time difference between them. Then you canotiser functions in the library
to determine how many minutes/hours/days/monthsgyle@ve passed between the
two times.

If you have readdow Bits and Bytes Workyou know that a signed 4-byte
integer has a maximum value of 2,147,483,647, argli$ where the Year 2038

problem comes from. Thenaximum value of time before it rolls over to a
negative (and invalid) value is 2,147,483,647, Wwhianslates into January 19,
2038. On this date, any C programs that use timelatd time library will start to

have problems with date calculations.

This problem is somewhat easier to fix than the Y#z&blem on mainframes,
fortunately. Well-written programs can simply beaompiled with a new version
of the library that uses, for example, 8-byte valtm the storage format. This is
possible because the library encapsulates the winadeactivity with its own time
types and functions (unlike most mainframe progranisch did not standardize
their date formats or calculations). So the Ye&@8problem should not be nearly

as hard to fix as the Y2K problem was.

What's the problem with Microsoft Word?
January 27, 2007

In the last two months alone, at least four majecusity flaws involving
Microsoft Word have come to light. All ategero day" flaws, meaning Microsoft
and security organizations became aware of thaimeasame time that destructive
hackers became aware of them. In many "zero dagés;at's the exploitation of
the flaw that brings it to the attention of theta@ire companies; in other cases, the
software companies announce the flaw and hackernedmately take advantage of
it before a patch can be released. The strangg #hout the latest Word problems
Is that almost eight weeks after the first onetlit news because it was exploited

by attackers, Microsoft still hasn't released alpab fix it.
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The first in this string of security holes poppqdin early December. This flaw
affects computers running Word 2000, 2002 and 2008td 2004 for Mac and
Word 2004 version X for Mac; Word Viewer 2003; aMacrosoft Works 2004,
2005 and 2006. An attacker hides a piece of codeWord document and puts it

on a Web site for download or sends it out ag-anail attachment. When a user

downloads or opens the document, the attacker eamotely control the user's
computer and execute a wide array of codes unéeugbr's own login. This flaw
came to Microsoft's attention on December 5, 200&n people started reporting

attacks.

A second, previously unknown flaw started to drdterdion just a week later,
this one also allowing a remote attacker to takerobof a user'®C. According to
Microsoft, though, this flaw exploits a entirelyfferent security hole -- one that
opens when Word undergoes a specific error. Applgrethis attack doesn't
require a user to download a malicious file; ityoréquires the Word program on
the person's computer to experience this erravhath point an attacker can enter
the system and run malicious code. It affects V\af@0, 2002 and 2003 and Word
Viewer 2003.

Security experts have attributed these two secunibfes to memory-
corruption flaws in the Word programs. Days later, a third flaw wesealed.
This one also allows for remote access and cowfr@ user's machine and has
been tied to &duffer-overflow problem in Word. It came to public attention when
a software expert called "Disco Johnny" publishgaaof-of-concept code on the
Web that showed how a malicious hacker could ekmipessentially providing
instructions for running an attack in addition toowing Microsoft it has yet
another problem. And about five weeks later, orudan25, a fourth security hole
became the subject of a malicious attack that Isegimen a user opens a rigged
Word file sent as an e-mail attachment and haslaimesults to the previous

attacks: Remote access and control of an entitersyi$ it's running Word 2000. If
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the computer is running Word 2003 or Word XP, ilyorrashes the computer, as

opposed to opening it up to remote control.

These four issues are only the latest in a sefiastacks exploiting previously
undiscovered flaws in a wide array of Microsoft ioéf applications. In September
2006, hackers started exploiting another zero-dayrdMlaw, this one only
affecting Word 2000. A user had to open an infedémrd 2000 document using
the Word 2000 program in order for the virus, MOvepQ, to drop a piece of
code in the user's PC. This allowed a remote atacktake control of the infected
PC. Security sources report that this flaw stil mot been patched, almost five
months later. Microsoft has, however, patched sf\adrthe flaws involving other

Office programs, including security holes in vers@f PowerPoint and Excel.

Since no security patches have been released ¢owMibrd flaws, Microsoft
recommends installing multiple layers of securinftware and updating the
versions vigilantly. Beyond that, we can only ube tvariness we've become
accustomed to when opening attachments or dowmigddes, with an extension
into a traditionally safer area: Now, if it endstlwidoc, don't touch it unless you

know and trust the source.

Feature Articles

Why Software Fails

We waste billions of dollars each year on entipglgventable mistakes

Have you heard the one about the disappearing wase? One day, it
vanished—not from physical view, but from the wdiitreyes of a well-known
retailer's automated distribution system. A sofenglitch had somehow erased the
warehouse's existence, so that goods destinechéomwarehouse were rerouted
elsewhere, while goods at the warehouse languidethuse the company was in
financial trouble and had been shuttering otherelwanses to save money, the
employees at the "missing" warehouse kept quiatitlitee years, nothing arrived
or left. Employees were still getting their paydkgchowever, because a different
computer system handled the payroll. When the soéwglitch finally came to
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light, the merchandise in the warehouse was sd|caatl upper management told
employees to say nothing about the episode.

This story has been floating around the informatexhnology industry for 20-
some years. It's probably apocryphal, but for thofaus in the business, it's
entirely plausible. Why? Because episodes like trappen all the time. Last
October, for instance, the giant British food retal Sainsbury PLC had to write
off its US $526 million investment in an automatsapply-chain management
system. It seems that merchandise was stuck inctmpany's depots and
warehouses and was not getting through to manytsostores. Sainsbury was
forced to hire about 3000 additional clerks to ki€ shelves manually [see photo,
"Market Crash"] This is only one of the latest inlceng, dismal history of IT
projects gone awry [see table, "Software Hall ofarf8h" for other notable
flascoes]. Most IT experts agree that such failmesur far more often than they
should. What's more, the failures are universatyprajudiced: they happen in
every country; to large companies and small; in mencial, nonprofit, and
governmental organizations; and without regard tamtus or reputation. The
business and societal costs of these failures—imsteof wasted taxpayer and
shareholder dollars as well as investments that benmade—are now well into
the billions of dollars a year.

The problem only gets worse as IT grows ubiquitdirss year, organizations
and governments will spend an estimated $1 trilbon T hardware, software, and
services worldwide. Of the IT projects that ar¢iated, from 5 to 15 percent will
be abandoned before or shortly after delivery agelessly inadequate. Many
others will arrive late and over budget or requimassive reworking. Few IT
projects, in other words, truly succeed. The biggragedy is that software failure
is for the most part predictable and avoidable.ddohately, most organizations
don't see preventing failure as an urgent matteen ehough that view risks
harming the organization and maybe even destroyingnderstanding why this
attitude persists is not just an academic exertisas tremendous implications for

business and society.
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SOFTWARE IS EVERYWHERE. It's what lets us get césim an ATM,
make a phone call, and drive our cars. A typicpbhene now contains 2 million
lines of software code; by 2010 it will likely havi® times as many. General
Motors Corp. estimates that by then its cars waktlke have 100 million lines of
code.

The average company spends about 4 to 5 percartvefiue on information
technology, with those that are highly IT dependesiich as financial and
telecommunications companies—spending more thapetfent on it. In other
words, IT is now one of the largest corporate egpsnoutside employee costs.
Much of that money goes into hardware and softwggrades, software license
fees, and so forth, but a big chunk is for newvgaife projects meant to create a
better future for the organization and its cust@né&overnments, too, are big
consumers of software. In 2003, the United Kingdwmaa more than 100 major
government IT projects under way that totaled $ztillion. In 2004, the U.S.
government cataloged 1200 civilian IT projects ic@stnore than $60 billion, plus
another $16 billion for military software. Any ormé these projects can cost over
$1 billion. To take two current examples, the cotepunodernization effort at the
U.S. Department of Veterans Affairs is projected rtm $3.5 billion, while
automating the health records of the UK's Natidiedhlth Service is likely to cost
more than $14.3 billion for development and ano8%9.8 billion for deployment.
Such megasoftware projects, once rare, are now mace common, as smaller IT
operations are joined into "systems of systemsr' thaffic control is a prime
example, because it relies on connections amongndoaf networks that provide
communications, weather, navigation, and other.d3h the trick of integration
has stymied many an IT developer, to the point ehatademic researchers
increasingly believe that computer science itselfymeed to be rethought in light
of these massively complex systems. When a prdgtd, it jeopardizes an
organization's prospects. If the failure is largewgh, it can steal the company's

entire future. In one stellar meltdown, a poorlyplemented resource planning
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system led FoxMeyer Drug Co., a $5 billion wholesatug distribution company
in Carrollton, Texas, to plummet into bankruptcy1B06.

IT failure in government can imperil national setyras the FBI's Virtual Case
File debacle has shown. The $170 million VCF systansearchable database
intended to allow agents to "connect the dots"fatldw up on disparate pieces of
intelligence, instead ended five months ago withemut system's being deployed
[see "Who Killed the Virtual Case File?" in thisu].

IT failures can also stunt economic growth and ityaf life. Back in 1981, the
U.S. Federal Aviation Administration began lookimgp upgrading its antiquated
air-traffic-control system, but the effort to build replacement soon became
riddled with problems [see photo, "Air Jam"]. By9¥) when the agency finally
gave up on the project, the predicted cost hadettjpnore than $2.6 billion had
been spent, and the expected delivery date hageslipy several years. Every
airplane passenger who is delayed because of gkeelloskyways still feels this
cancellation; the cumulative economic impact oftiatise delays on just the U.S.
airlines (never mind the passengers) approachebihion.

Worldwide, it's hard to say how many software petgefail or how much
money is wasted as a result. If you define failasethe total abandonment of a
project before or shortly after it is delivered,daifi you accept a conservative
failure rate of 5 percent, then billions of dollaase wasted each year on bad
software.

For example, in 2004, the U.S. government spent#ion on software (not
counting the embedded software in weapons systemn$);percent failure rate
means $3 billion was probably wasted. However,rafeveral decades as an IT
consultant, | am convinced that the failure raté5g0 20 percent for projects that
have budgets of $10 million or more. Looking at téal investment in new
software projects—both government and corporate+aoke last five years, |
estimate that project failures have likely cost th8. economy at least $25 billion

and maybe as much as $75 billion.
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Of course, that $75 billion doesn't reflect progettiat exceed their budgets—
which most projects do. Nor does it reflect pragedelivered late—which the
majority are. It also fails to account for the ofdpaity costs of having to start over
once a project is abandoned or the costs of bulpnidsystems that have to be
repeatedly reworked.

Then, too, there's the cost of litigation from ér@ustomers suing suppliers for
poorly implemented systems.

When you add up all these extra costs, the yealyfdr failed and troubled
software conservatively runs somewhere from $60obilto $70 billion in the
United States alone. For that money, you coulddhuhe space shuttle 100 times,
build and deploy the entire 24-satellite Globalifasing System, and develop the
Boeing 777 from scratch—and still have a few hillieft over.

Why do projects fail so often?

Among the most common factors:

Unrealistic or unarticulated project goals
Inaccurate estimates of needed resources
Badly defined system requirements

Poor reporting of the project's status
Unmanaged risks

Poor communication among customers, developeds,isers
Use of immature technology

Inability to handle the project's complexity
Sloppy development practices

Poor project management

Stakeholder politics

R I T B S S L L L R )

Commercial pressures
Of course, IT projects rarely fail for just one taro reasons. The FBIl's VCF
project suffered from many of the problems listedae. Most failures, in fact, can

be traced to a combination of technical, projectnagement, and business
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decisions. Each dimension interacts with the othergomplicated ways that
exacerbate project risks and problems and incibasiekelinood of failure.

Consider a simple software chore: a purchasingesyshat automates the
ordering, billing, and shipping of parts, so thaadesperson can input a customer's
order, have it automatically checked against pg@nd contract requirements, and
arrange to have the parts and invoice sent toukmer from the warehouse.

The requirements for the system specify four basaps. First, there's the sales
process, which creates a bill of sale. That bithisn sent through a legal process,
which reviews the contractual terms and conditiofisthe potential sale and
approves them. Third in line is the provision psssewhich sends out the parts
contracted for, followed by the finance processiciisends out an invoice.

Let's say that as the first process, for salebgiag written, the programmers
treat every order as if it were placed in the camyfsamain location, even though
the company has branches in several states antriesun

That mistake, in turn, affects how tax is calcuatehat kind of contract is
iIssued, and so on.

The sooner the omission is detected and corretitedbetter. It's kind of like
knitting a sweater. If you spot a missed stitchhtrigfter you make it, you can
simply unravel a bit of yarn and move on. But iuydon't catch the mistake until
the end, you may need to unravel the whole sw@ateto redo that one stitch.

If the software coders don't catch their omissiatil dinal system testing—or
worse, until after the system has been rolled obe-ebsts incurred to correct the
error will likely be many times greater than if yfee caught the mistake while they
were still working on the initial sales process.

And unlike a missed stitch in a sweater, this poblis much harder to
pinpoint; the programmers will see only that errars appearing, and these might
have several causes. Even after the original esrarorrected, they'll need to

change other calculations and documentation andrétest every step.
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In fact, studies have shown that software spetsabpend about 40 to 50
percent of their time on avoidable rework rathantlon what they call value-added
work, which is basically work that's done right firet time.

Once a piece of software makes it into the fidhe, ¢ost of fixing an error can
be 100 times as high as it would have been duhaglevelopment stage.

If errors abound, then rework can start to swanmguagect, like a dinghy in a
storm. What's worse, attempts to fix an error oftgnoduce new ones. It's like
you're bailing out that dinghy, but you're alsoatieg leaks. If too many errors are
produced, the cost and time needed to completsytsiem become so great that
going on doesn't make sense.

In the simplest terms, an IT project usually falsen the rework exceeds the
value-added work that's been budgeted for. Thisvhat happened to Sydney
Water Corp., the largest water provider in Aus&ralvhen it attempted to introduce
an automated customer information and billing syste 2002 [see box, "Case
Study #2"]. According to an investigation by the stalian Auditor General,
among the factors that doomed the project were emaate planning and
specifications, which in turn led to numerous cleamgquests and significant
added costs and delays. Sydney Water aborted dpecpmidway, after spending
AU $61 million (US $33.2 million).

All of which leads us to the obvious question: vdoyso many errors occur?

Software project failures have a lot in common wvattplane crashes. Just as
pilots never intend to crash, software developeva'tdaim to fail. When a
commercial plane crashes, investigators look atynfiactors, such as the weather,
maintenance records, the pilot's disposition aaihittg, and cultural factors within
the airline. Similarly, we need to look at the Imess environment, technical
management, project management, and organizatoftate to get to the roots of
software failures.

Chief among the business factors are competitiah the need to cut costs.

Increasingly, senior managers expect IT departnterds more with less and do it
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faster than before; they view software projectsasminvestments but as pure costs
that must be controlled.

Political exigencies can also wreak havoc on aprbject's schedule, cost, and
quality. When Denver International Airport attengpt® roll out its automated
baggage-handling system, state and local politezders held the project to one
unrealistic schedule after another. The failurddbver the system on time delayed
the 1995 opening of the airport (then the largesthie United States), which
compounded the financial impact manyfold.

Even after the system was completed, it never wbriediably: it chewed up
baggage, and the carts used to shuttle luggagenardnequently derailed.
Eventually, United Airlines, the airport's main &e, sued the system contractor,
and the episode became a testament to the darfgmiitical expediency.

A lack of upper-management support can also damhlr amdertaking. This
runs the gamut from failing to allocate enough nyoaied manpower to not clearly
establishing the IT project's relationship to thhgamization's business. In 2000,
retailer Kmart Corp., in Troy, Mich., launched a.4Dbillion IT modernization
effort aimed at linking its sales, marketing, syp@ind logistics systems, to better
compete with rival Wal-Mart Corp., in Bentonvill&rk. Wal-Mart proved too
formidable, though, and 18 months later, cash-pgdpKmart cut back on
modernization, writing off the $130 million it haalready invested in IT. Four
months later, it declared bankruptcy; the compaminues to struggle today.

Frequently, IT project managers eager to get fungedrt to a form of liar's
poker, overpromising what their project will dovhenuch it will cost, and when it
will be completed. Many, if not most, software @cjs start off with budgets that
are too small. When that happens, the developews teamake up for the shortfall
somehow, typically by trying to increase produdyivireducing the scope of the
effort, or taking risky shortcuts in the review aedting phases. These all increase
the likelihood of error and, ultimately, failure.

A state-of-the-art travel reservation system spsmabd by a consortium of

Budget Rent-A-Car, Hilton Hotels, Marriott, and AMEhe parent of American
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Airlines, is a case in point. In 1992, three arithti years and $165 million into the

project, the group abandoned it, citing two maiasmns: an overly optimistic

development schedule and an underestimation of tdohnical difficulties

involved. This was the same group that had eadielt the hugely successful

Sabre reservation system, proving that past pedoca is no guarantee of future

results.

TRANSLATE THE SENTENCES

1. A science is more than a large amount of infornmatio some subject.

These amount to refusal from a deeper understarmditige phenomenon.
For this purpose no direct method has been deuwseds it likely than such

a method is possible.

4. Hardly had this result been ignored.

5. The maintenance of a temperature within a prestrib@nge under

9.

conditions of varying loads can be termed tempegategulation.

The close agreement of the six observations i&elylio be a coincidence.

A number of derived and related compounds weregoeghband tested with
few results of any promise.

One cannot start applying probability theory beforee has an adequate
method for the numerical representation of the.data

If one diagrams it one finds about twenty layers.

10.The square root of any number can be extracted &oynnumber to any

degree of accuracy provided the number is positive.

111t is, of course, impossible to prove anything abooints and lines unless

we agree in advance about some properties thaatieelyp have.

12.This demonstration is the more convincing the @mredhe variety of

adsorbate vapors.
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13.The more accurately the forecast of the future deima made the less the

requirement for safety stock.

PASSIVE VOICE

1. From the equations all but one of the unknown fiamst can be eliminated
by successive substitutions.

2. It is of no practical importance whether this padlyvexists in physical or
logical space.

3. No matter how many observations are performed,ethvatl always be
alternative hypotheses which can account for them.

4. In the presence of this compound there was formeaixdure of two
products.

5. During the period embraced by the preceding chapltere had arisen in the
world two new and mighty political forces.

6. With the discovery of laser and the developmentatierent optics there
appeared a new way of concentrating energy insnaa

7. There did not remain any more controversial phemante describe.

8. The only thing that matters is purity of the stagtmaterial.

9. This hypothesis lacked confirmation.

10.For the estimations use will be made of a hypothéteference model.

11.The question of the laws of resistances in ciraui&y now be turned to.

12.The book was terribly bad, it was just a chanceithgot published.

13When exposed to a beam of light this movement besoamiented in the
directions of the beam, and on a vertical surfaceecomes directed by
gravity.

14 The speed with which arithmetic operations arequeréd is affected by a
number of factors.

15In gaseous reactions the equilibrium position iggddy influenced by

pressure.
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16.The qualitative examination of an organic compousdfollowed by a
guantitative analysis.

17 Questions can be asked and answered, but unfoetyrthe questions asked
and those answered are frequently not the same.

18.Does everyone understand which part of the orgaaizdnas control over
and responsibility for documentation?

19.The static nature of the structure has limited actffeness due to two
implicit assumptions.

20.He had been prevented from acting sooner by ciail iw Poland.

21 Statements may be added, listed, deleted and cthaatgeill while other
activated programs are being executed.

22 After a careful study we came to the conclusiort tha formula appeared
much more complicated than the one we had beeqg bsifore.

23 However useful it may be, it can not be employeddwantage unless it can
be obtained in adequate quantities and at reasopabk.

241t is for this reason that many reports on scientifesearch include
discussion of how the research ought to have beae th the light of the

experience gained in having done it the first time.

VERBALS

1. A gram of water is proved to change exactly toangof ice when freezing
and to a gram of water vapor when evaporating.

2. Strictly speaking, this somewhat arbitrary divisioray be justified taking
into account an imperfect technique.

3. Several treatments of this problem have been predgemwith theories
resulting from this investigation falling into onéthe two categories.

4. Other theories having so far proved inadequatearuiyn theories of the
origin of solar fields are regarded as the mosinpsng.

5. This value is subject to systematic errors, thetnmportant one reflecting

our lack of knowledge of the energy spectrum.
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6. It was early recognized that all the rocks werepssingly similar in
chemical composition, the fact having been confanhy the subsequent
examination of rocks from different parts of therldo

7. The chemist is usually inclined to regard the apge@e of this product as
signifying that the reaction is over.

8. They planned from the first the project as beinghprily a communication
experiment.

9. The experiment that is being conducted is of grgatest and is thought of
as being highly promising.

10.t is worthwhile reconsidering this case as welbdding another even more
impressive example.

11Up to the present time, several writers have susmkan finding exact
solution of the fundamental differential equatiarcertain particular cases.

12Today we cannot help witnessing a tendency in seieto direct the
collective efforts of a research team at the adn®nt of a common goal.

13.The opening words of this curious treaty are wodhkpeing recorded.

14. The possibility of radio waves being reflectednfréthe Moon to the Earth
has been frequently speculated upon by workeiseimadio field.

15He was afraid of the results not proving conclusive

16.t is of importance to know the basic principlel® observed in the design
and use of optical equipment.

17.To specify the model in this field will require ahces both in mathematics
and physics.

18.The theory to be developed only aims at verifying &bove discussions but
Is not sufficiently detailed to give a complete cigstion.

19 We know physical changes to be caused by heat.

20.Furthermore, one need not even know how to makeeihetion in question
occur.

211t is to scientifically educated manager that toek is primarily addressed,

for he is a man to seize cybernetics and makerik ¥oy him.
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22 Therefore, it should be possible to launch liglatrirthree sources into the
fiber and to have them separate in space at tipeibut

23 Hot springs are believed often to be due to thegree of magma near the
surface.

24 The present era, which is distinguished by theization of metals in
enormous quantities, may be said to have begureii860.

25.The atmosphere has been proved to extend severditduikilometers above
earth.

26.In any case, current theories, either empiricalectronic, do not appear to
account for this result.

271t must be remembered, however, that in these s@d a second phase
exists whose concentration might be expected tp wéh temperature.

28.They succeeded in obtaining good results workinty wuicksilver, it being
known to be a very dangerous metal.

29 A rough idea of what is thought to be taking ple&cgiven by the formula
below.

30.If all the melt, considered to be homogeneous, éptkat the same
temperature, solidification will begin at certaioggions in the body of the
melt, called “nuclei.

31.For an automatic system to be successful it must &transmitter at least as
accurately as it can be done manually.

32.The suggestion is both attractive and interesting the work is not
sufficiently advanced for any definite opinion tf validity to be formed.

33.These experiments prove that it is physically gaesior the ground ice of
Alaska to have been formed by a process of segoagat

34 Carrying this test successfully was helped by taesfol investigation of
outstanding scientists.

35.The explanation lies in the cyclotron being regdrds a modification of the

linear accelerator.
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36.The inductance of a coil depends on several factbeschief among them
being the number of turns and the cross-sectiaeal af the coil.

37.In spite of the gases having been compressed #taegned to their original
volume as soon as the applied force stopped acting.

38.Breaking a magnet does not separate the northaurt poles, for each part
IS now a complete magnet.

39.Rutherford began a series of investigations ofaactive elements which
were known to disintegrate, and showed that thaatiads emitted were of
three kinds.

40.The radiation spectra have been shown by previtudies to be quite
complex.

41.0ne of the cache controller's main jobs is to lafter “cache coherency”
which means ensuring that any changes written tan maemory are
reflected within the cache and vice versa.

42 There are several techniques for achieving this,ntlest obvious being for
the processor to write directly to both the cachd main memory at the
same time.

43.Cache entries that have changed are flagged aty”;dielling the cache
controller to write their contents back to main nogynbefore using the
space to cache new data.

44 This tends to improve the chance of a cache mt@s programs spend their
time stepping through instructions stored sequytia memory, rather
than jumping about from one area to another.

45Depending on the algorithm that is being appliedis tmay be the
information that has been in the cache the longedhe information that is
the least recently used.

46.The CPU'’s request can then be met, and the cachadsl has the adjacent
data loaded in anticipation of that informationfgerequested next.

47 Not only is computing equipment getting smaller, ist getting more

sophisticated.
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48.Using mailmerge a standard letter is then prinféaadressed to the vehicle
owner.

49.0nce the data to be mined is identified, it shdaddctleansed.

50But  after analyzing patterns within clusteng mining software can start
to figure out the rules that point to which claiare likely to be false.

51.Furthermore, all input and output operations, algio invoked by an
application program, are actually carried out by dperating system.

52 When you combine computer vision with speech undedng, it liberates
the user from having to sit in front of a keyboardl screen.

53Doctors can also access a drugs database on CD-R@ibh provides
prescribing information on thousands of drugs idrig their suitability for
different categories of patients.

54 Not having to worry about upgrading to the latestsion of your office
suite or about battling with the complexities ofmaging an e-mail system,
leaves business with more time.

55.To use applications remotely requires a lot of badth, which is only
really available from a broadband connection oeaséd line to the ASP
itself.

56.Providing applications and storage space for vastler of users requires
some powerful technology on the part of the ASP.

57 This is particularly beneficial to small businessdsch are likely to grow
quickly and don’t want to deal with the problemsigad by outgrowing their
existing system and having to move to a high-erukage.

58It’'s very rare for an e-commerce business to haafli¢hese elements by
itself.

59.Being able to respond rapidly to changes in the eizyour customer base
and the type of product that they want to ordemfgeur business, demands
more flexibility than traditional software can pide.

60.By stripping out sounds most people can’t hear, Migaificantly reduces

the information stored.
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61.Each MP3 file has a tag permitting extra informatio be stored on the
performer and other track details.

62.Special isolation adapters can be fitted to alloysteng mains lines to be
used instead of twisted-pair cabling.

63.Most future home networks, however, are likely ® \ireless network
systems, using tuned transmitter and receiver dsvic

64 Before you start work, call up the hi-fi contrologram and have the music
of your choice pumped through the living room spzak

65.0nce a message has been delivered, it can't bikegkca

COMPLEX SENTENCES

1. It should be stated that we are assuming througtioesitchapter that the
primary condition that the system be stable isaalyesatisfied.

2. It is important that the satellite not be dependsgaan orientation relative to
the sun or the earth.

3. Air cooling instead of water cooling would also ued the weight of the
engine, but a larger fan would be required to kbepengine cool.

4. Whether this is a good thing or a bad thing isléwrant from the point of
view with which we are concerned in this chapter.

5. What we mean by questions and what we mean acdeptaiswers is
becoming a topic of interest to more and more rebes.

6. Itis not claimed that this is really what happenthe practical case.

7. The question remains whether the mathematical preéation of the
physical event is adequate in a strict sense, aetlveln it gives only an
inadequate image of physical reality.

8. The fact of instability of heavy nuclei throws lighn the question as to why

there are only ninety two elements in nature.
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9. This process of refinement continues until a legeteached that can be
understood by a computer.

10No matter what variable is treated there is a spoading possibility of
physical manipulation.

11 Automatic equipment cannot be produced unless atbsufficient number
of people qualified to design and build it becoraeailable. And even if its
production becomes technically possible, it is litaly to be installed by
any firm until the necessary specialized worker® vane to operate it and
serve it also become available.

12.Data analysis also consists of asking questionsl timé problem is
understood, then developing alternative solutiand the best is obvious.

13Had there been no earth’s gravitation, the satsllitvould have moved
through airless space in a straight line at a umfspeed.

14 Unless a very high pressure is used, electronsupeodnly a small number
of ions.

15We observe that had our study been presented onthrearlier, its results
might have been lost in the many competing issaed, if presented one
week later, action of existing bills would have b@®mpleted and this study
would have had no impact whatsoever.

16.No matter what is the number of the event, theueegy of recombination
is 0.5, provided the exchanges occur at random.

17.Unless other conditions are stated specifically siall use the term “state”
to represent an equilibrium state.

18.0ne has to find whether there were any traces téniet.

19.The authors were able to prove that no seriousr dveal affected the
measurements.

20.Today it seems certain that a given ion does hadefiaite mobility, one
that does not change with time.

21.The reference channel monitors a constant, bustahle, proportion of the

primary tungsten radiation.
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22 Kinematics, or the study of motion differs from gestry in having to
consider the element of time

23 Associations will organize numerous meetings devatethe part our state
has played in the progress of modern society.

24 The applications the radioactive isotopes are fiigdin different fields of life
are of great importance.

251f, as is much more likely, an electron is forcatbithe conduction band in
the crystal lattice, a delay depending upon the implof the electronic
carrier and the percentage impurity present wiluen

26 Experiments in chemistry, though extremely valuableld information
about the interactions between atoms rather thawledge of the inner
electrical nature of the atom.

271t was recognized that light could be amplified tine same way as
microwaves, provided that the energy differencevben two energy levels
corresponds to a frequency in the light regiorhefgpectrum.

28.Thus, by the careful selection of the impurity soddlded, we can determine
whether the germanium is of n or p-type.

29 Whether it is satisfactory for a given case deparus the importance of

the error resulting from neglecting the thicknesthe lens.

ATTRIBUTIVE GROUP

1. Balanced microphone amplifier is intended as a plealternative to the
conventional method of amplification using an imgeck transformer.

2. The power in a plane sound wave is given by thelysbof the square of
the RMS particle velocity and the specific acoustitgpedance of the
medium, air in our case.

3. To show the fine detail of the spectra only a narange of frequencies can

be displayed, using a slow sweep rate and narromhaidth.
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. The camera calculates which zone the subject ianoh adjusts the lens
accordingly.

. In the early years of radio transmission and receptlmost all the
broadcast signals intended for domestic news ardrtaimment were
transmitted on either the long wave (150-285 kHzxh® medium wave
(525-1605 kHz) bands, because the available teogpand hardware was
really only suitable for use at relatively low radiequencies.

. Although each transmitted signal might occupy s@de&Hz of bandwidth
and the total available space in these two bandsalis1215 kHz, the poor
sensitivity of the average receiver and the red¢dyismall number and low
effective radiated power of the transmitters mehat there was very little
likelihood of interference from broadcast transmiss on adjacent
frequencies.

. This leads to the possibility that, if the inputtage is applied to the centre
tap of a tuned circuit, which is arranged to fequhat of diode rectifiers, the
input signal will either add to or subtract frometbutput rectified voltage
from each diode, depending on whether the inputadiffequency is above
or below the resonant frequency of the tuned dircui

. In optical communications systems digital inforroatiis carried as a train
of light pulses through the fiber.

. When powered from light sources such as laser dicglther directly or via
fiber optic cable, the new converter is said todpce 1mW to 1W with
voltages of about 12V.

10.Based on the assumption that the molecules areitigenso specific

frequencies and that the cell has a mechanism &blerthe signals to
generate a cumulative effect over time, the sgentprovide models to
show that thresholds for electric field effects ¢enreduced by a factor of

100 below the thermal noise level.

11.The input current only differs from the load cutréy the current flowing

Into the op-amp, which is extremely small due ® ligh open-loop voltage
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gain and input impedance of the op-amp, so thesntigain of the circuit is
very close to unity.

12.An alternative way of viewing the circuit from aabtlity stand-point is to
look at the two feedback factors.

13.1t is seen that the bandwidth of each voltage-Wdipsection is close to the
gain-band width product of the op-amp.

14.The high probability of correct reception using QB3 standard means that
such systems do not need error-correction softveieept where more than
64Kbyte of data is being sent or in the presenaxtEmely bad noise.

15.As for the modems, increased speed not only inesetiee cost but also the
likelihood that the received data will contain esro

16.When he studied the electron emission from tungftaments he found
that at temperatures close to the melting poirtungsten the emission was
orders of magnitude less than predicted by theory.

17.A modulator can be made by using a piezoelectnvicdeo stretch the fiber
in response to an applied voltage, increasing kiase length of that portion
of the fiber and hence the time for light to tratrebugh it.

18.Any ripple fed back is due to multiplier non-linges, integrator
component mismatch, offsets and op-amp open-loopligaitations.

19.Connecting a balanced amplifier at the output rezsothe need for a
symmetrical carrier to reduce aliasing and it makeghly symmetrical
switching in the mixer unnecessary.

20.Elements of the design are a high-gain narrow-lzanglifier to capture the
incoming signal, a counter to measure phase, sqwer to perform a
signal processing and trigonometric calculatiokeyboard and a display.

21.It was shown that cold cathode guns of simple sireccould be designed
to produce shaped beams focusing over the whotgHest the junction of
metals to be welded.

22.In general assessment of the dynamic performancsectronic systems,

such as amplifiers and filters, usually demands dhsuitable test signal be
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injected at the input and the resulting output viarre examined. In this
way frequency response and distortion can be diehti

23.Although the system to be described does not @ferew performance-
assessment strategy, it does provide the enginébrtiae possibility of
developing and using unique wave forms for specofgasurement tasks.

24.However, as previously indicated, the system wasgded to provide test
signals for radio telephony speech band up to 3 kHz

25.The wave form consists of the sum of two audio $01880Hz and 1200Hz,
and is used as a test signal for assessing thdimearity of baseband
speech-signal processing systems.

26.Any non-linearity in such systems leads to the gmmen of spurious
frequency components in the output signal whichetdke form of
harmonics and intermodulation products relatedhi¢anput signal tones.

27.This circuit is based on a high-gain operationapkfier that provides the
sensitivity required for the single-sideband operat

28. To fully exploit the potential of free-space lasemmunications, you need
to understand how light propagates from a soureerexeiver.

29.Light, whether from a laser or the sun, traveldeiathrough less dense hot
air than denser cool air. In much the same wayttieatefractive differences
in optical fiber effectively constrain light to tral within the fiber core,
temperature differences in the atmosphere can digintdo travel in curved
paths

30.1t is important to note that these microwave dittion system transmitters
are not multichannel, and are effectively low-powedevision transmitters
which operate in the microwave bands.

31.The normal technique for the high-power systemwisise an individual
solid-state transmitter for each program channad, then to combine the
2,5GHz outputs before feeding the combined signahe or two broadband

transmitting antennas.
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32.Medium-power C-band satellite reception equipmenteadily available in
some parts of the world at reasonable cost.

33.The flicker noise corner frequency of bipolar opieraal amplifiers ranges
between 1 Hz and 100 Hz compared to 100 to 1 kHetmp-amps.

34.The rectifier unit is normally supplied with a cterst amplitude voltage
either directly from the mains or via a transformer

35.Exploration of the surface acoustic wave devices pad great attention.

36.They were to study the performance of single siddadio receivers.

37.The two frequencies are compared and, as the fneguef the signal
generator drifts, a correction voltage is appliedtie voltage-controlled
oscillator in the signal generator.

38.A State Research Coordination Committee was offéoednprove their
method of guidance of the scientific work.

39.State weightlessness effects and those of acdeleitadve to be studied to
make a space travel possible.

40.Low energy radio waves are reflected and absorlyethé electrons and
lons of atmosphere.

41.A nuclear reactor is a device in which a fissioainhreaction takes place.

42.0ur great hydraulic engineering projects solve plogver, irrigation and
power-transport problem.

43.During the flight two-way radio-communication isilhg maintained with a
spaceship.

44.0nly one quarter of the world synoptic surface Weatobservation posts
are below the Equator.

45.The spaceships and sputniks are helping to stully-mave propagation.

46.The important radiation characteristic is thataib @ccur in the vacuum.

HEPEBEJIUTE NPEJIOXKEHUSA

1. Analysis is naturally followed by synthesis.
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2. The question now arises as to how the behaviomnetéls is affected by the
changes in temperature.

3. The charge of an atom is not affected by the nurob@eutrons present but
depends on the balance between electrons and proton

4. Chemical methods of purifying water are given muattention to by our
scientists.

5. In practice the solidification of pure metals i$luenced to a great extent by
what may be generally described as external camditi

6. Conditions which affect the plastic behavior of en&tl will also influence its
fracture behavior since fracturing is normally meed by plastic deformation.

7. By now the phenomena of life are beginning to benseore and more as
problems which can be dealt with as scientificall/ those of physics and
chemistry.

8. In the chapter on experimental techniques, we arenga good insight into
many of the special problems that have to be solved

9. In order to determine whether a given compoundrgamc it is frequently
sufficient merely to heat it.

10. Some elements possess so few metallic qualitegsittiis uncertain whether
they should be called metals or nonmetals.

11We shall now examine gases in the light of kin¢hieory and see if any
explanation of the exceptions to the gas laws eafobnd.

12.Gases are such good insulators that, in the eanyg df science, argument
arose as to whether they conduct electricity at all

13.The question arises whether there is any fundaméifitarence in the kinetics
of reactions occurring in condensed media comp@réite gaseous state.

14.The causes of the fluctuations which have beenritbestcare not known, nor
Is it known whether these fluctuations are periadicharacter.

15.f a single drop of water were magnified to theesuf the earth, each molecule

contained in it would be no larger than a football.
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16 Were there no loss of energy by friction, the motwould continue once it
had been started.

17.Should the temperature of the filament increase ntagnitude of the electron
flow will increase.

18.Should a rubber ball be immersed in liquid air #&meh taken out and thrown
on the floor, it would fly to pieces like a ball glass.

19.There are many considerations to be taken intoustdo determining space
velocity.

20.The general problem to be solved is to find theemirdensity distribution
across the radius as a function of time.

21.The value of the resistance to be used will depmmdhe amount of plate
current that passes through the rectifier.

22.The atmosphere has been proved to extend severdiddikilometers above
the earth.

23 There are crystals in which there appears to be tiypes of interatomic
attraction acting at the same time.

24 .The only velocity known in physics to possess their@d degree of generality
is the velocity of light spreading through emptaceg.

25At the time the phenomenon of radioactivity wascdiered the chemical
elements were regarded as unalterable; they wereglhit to retain their
identities throughout all chemical and physicalgesses.

26t is reasonable to expect and it has been foungtantice, that an automatic
computer is much less likely to make mistakes thdmuman being doing the
same work.

27 Comparatively few of the elements prove to occuun@sombined substances
in nature, most of them being found in the forncloémical compounds.

28.Cosmic rays have been shown to be a form of radiatimilar in nature to
those of radio and light and differing from themlyom wavelength and

penetrating property.
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29 Many proposals for changing the traditional methofdstoring and searching
for information have been made in the last decadd, some of these have
already proved to be of considerable practicalealu

30.There seems to be almost universal agreementh@dtaditional methods of
storing and searching for information are not efit enough at the present
time and will become less so in the future.

31.No way of producing cosmic rays artificially has peen discovered; indeed,
as they represent an energy pressure of thousdndalions volts, they are
not as yet likely to be generated electrically ugmnearth.

321t is possible for elements to combine in differpndportions, but when they
do so different substances are produced.

33.Whenever motion exists friction is always actingairsense opposed to the
motion, although in many cases its very presenessential for the motion to
take place.

34.The radio frequency has to be chosen such thaerisd equals the time it
takes for the ions to make one revolution.

35.A number of conditions must be fulfilled simultamsty for electron transfer
to take place, and, for different systems, differémctors dominate in
controlling the rates.

36.When a high velocity missile strikes a targetsitusual for both the missile
and the target to deform plastically as a resuthefimpact.

37.For any reaction to occur it means that the fitaesof the system must have
a lower free energy than the initial state, antthig condition is satisfied there
must be some tendency for the change to take place.

38.To prevent the metal parts of ships from being cedevith rust under water,
various kinds of paint are being used.

39.Without being subjected to a special treatment, mabiber can not be used for
manufacturing such things as tyres, wire insulateto.

40.The exact operation of some devices can not be malied upon due to their

being influenced by the changes in the ambient &zatpre.
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410nly in the middle of the XIX century the fact dfet quantity of heat
produced being proportional to the work done wdsidely stated.

42 As radio waves travel away from their point of anighey become attenuated
as a result of spreading out due to energy bestgrdaravel.

43 The accumulation of a vast amount of information abremical and other
properties has been condensed into a fairly sirapte concise table, which
has not only enabled the chemist to inter-relaseefements but has resulted
in his being able to predict the physical structofri¢he atoms of which those
elements consist.

44 The first problem we shall investigate is that afcalating the chance the
electron passing over a distangeparallel to the electric force without
becoming attached to a molecule.

45 ebedev’s having worked out an efficient methodnalking artificial rubber
made our industry independent of imported rubber.

46 Different forms of magnetic circuits can be emplbyeepending on the
material used, results desired, cost and otheorsct

47The type of complex reaction having been the objett numerous
investigations will be discussed in more than ugsiethil as it illustrates a
number of methods of handling complex reactiong thay be applied to
other cases.

48.The theoretical treatment given is based entirghpnuthe methods of
statistical mechanics, since this seems to beriherational procedure.

49.Two objects being at the same temperature, theageegnergy of motion of
their molecules is the same.

50X-rays are usually produced by bombarding a metajet with a beam of
high voltage electrons. This is done inside a vattube, the X-rays passing
out through the glass wall of the tube in a welirtkx beam.

51.The name electronics is known to be derived from word electron, the
electron itself being the basic unit of negativecgicity and all electric

currents consisting of electrons in motion.
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52.Some types of machine tool equipment may be usddetdest advantage in
several of the industries, such industries not segdy being similar in
nature.

53.Cosmic rays have been observed to end their pathsduter space in violent
nuclear collisions, the latter being known to takece high above the earth.

541t was early recognized that all the rocks wergogsingly similar in chemical
composition, this fact having been confirmed by shbsequent examination
of rocks from different parts of the worlds.

551t was not until the industrial revolution that rakst began to assume the
importance they now possess.

56.In phenomena such as oxidation and corrosiontiitdssurface rather than the
body of the metal that is affected.

57 It was the study of intermediate-sized particl@salé enough to be influenced
by molecular motion but still large enough to bersdhrough a strong
microscope, which gave scientists their first probfthe kinetic theory of
heat.

58.Never before has there been any device so versatleefficient in handling
electricity as the electron tube.

59.Essential and valuable as the physical picturetabilgy is, mathematical
definition provides more useful and exact meansdeécribing system
performance.

60Were there no loss of energy by friction, the motiwould continue
indefinitely once it had been started.

61Had there been no earth’s gravitation, the sagsllitvould have moved
through airless space in a straight line at a umfepeed. It is the gravitation
that makes them move round the earth.

62.0ne can hardly proceed in any exploration withaurnhe definite objective
and some idea of what one is likely to get.

63.Combining the information concerning the centrahperature of the sun,

with the known facts concerning the reaction ratésvarious nuclear
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transformations one can find out which particukzaation is responsible for
the energy production in the sun.

64.n the chapter on current economic problems, weyasen a good insight into
many of the special problems that have to be irealv

65.t is still uncertain whether the variation in egyerof the electrons can be
wholly accounted for by energy losses during theaissage through the
material, or whether their initial energies difféhe former would seem more
probable on theoretical grounds.

66.It is apparent from the previous discussion thatyoa few of the
thermometers mentioned would be suitable for fiesis.

67.In order that the inductance be independent ottheent, it is necessary that
no magnetic materials be used in the coil consbouct

68.As might be expected, there are intermediate @astin which two ionic
mechanisms appear to be taking place simultaneously

69.The reader should not expect to be given a completeunt of measuring
techniques such as he would find in an inclusixét@ok on the subject.

70.With a pure liquid the only way concentration couldrease at the interface
would be by a compression of the molecules: aneas® in the number of
molecules per unit volume of the liquid, and theesl not seem to occur.

71We could go on indefinitely discussing the physittaindation of the gene
theory, in particular the important evidence suggplby the study of mutations
produced by X-rays and other radiation, but what h&eady been said
appears to be sufficient to convince the readetheffact that science is at
present crossing the threshold of the purely playsexplanation of the
“mysterious” phenomenon of life.

72.Thus it would be quite impossible to walk wereat for the friction between
one’s feet and the earth, a train could not runewtkere no friction between
the wheels and rails. Friction, therefore, acta assistance to motion and yet

without it many motions would be impossible.
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73.The case we have considered is the one which gineegreatest chance for
the mobility of the ion to be independent of itsura; we have seen, however,
that even in this case there would be much greateations in the mobility
than are consistent with the experiments.

74 Whatever the nature of the metal may be, the sldherate of cooling the
larger will be the size of the crystals after sifiloction.

75.Taking photographs of such small objects as atordsneolecules, one has to
take into account the fact that nothing will comd at all unless the wave
length of illuminating light is smaller than thezsi of the object to be
photographed.

76 He insisted on my being present at the conference.

77 objected to being criticized so stupidly.

78 His being a foreigner prevented him from gettingpad job.

79.Most governments pay for their budget deficits eNirsg government bonds.

80.Sliding scale is a system of pay, taxes, etc.,utaled by rates which may
vary according to changing conditions.

81.The heart of capitalism is private ownership. Anidhated liability company
allows people to own almost anything — from skypera to television
stations — without risking their personal assetsukh the company go
bankrupt.

82.Coordinating the country’s monetary policy is oridhe important functions
of the central bank.

83.0nce a customer deposits money in a local bankedbmes available for
further lending.

84.The bank can lend out the remainder of the dephsither increasing the
money supply — without any new currency being pednt

85.By buying large amounts of securities the centesdkopumps money into the

economy.

MPEIJOXEHUS JIJISI IEPEBOJIA C PYCCKOI'O HA AHI'JIMACKUM
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1. OnbIThl MOKA3bIBAIOT, YTO B METAJUIAX UMEIOTCSI CBOOOIHBIE SJICKTPOHHBI.

2. Benytcs pa3paboTKy 10 MPUMEHEHHUIO Jla3epa B BBIYUCIUTEIBHON TEXHUKE.

3. DNeKTpoHHbIE TPHUOOPHl MPUMEHSIOTCS B IPOMBINUICHHOCTH  JJIS
aBTOMATH3AINHU, YIIPABICHUS U KOHTPOJIS.

4. B pesynprare OBICTPOTO Pa3BUTHUS KBAHTOBOW DSJIEKTPOHUKU MOSBUIOCH
00JIbI1I0€ KOJTMYECTBO Pa3HOOOPA3HBIX Ja3€POB.

5. [MomynmpoBOMHUKH WTPAIOT OTPOMHYIO pOJIb TPH CO3/IaHWH, 3aIyCKe |
KOHTpOJIE 32 pab0TO# CIIyTHUKOB ¥ aBTOMATHYECKUX CTAHITHMN.

6. 3ByK —3TO KosiebaHUe cpeibl, B KOTOPOH OH PaclpoOCTpaHseTCs.

7. Pagap ucnomb3yeTcst isl OOHApY>KEHUSI M OMPENEICHUS MECTOTIOIOKCHHSI
Pa3TUYHBIX TPEIMETOB U TIEJICH.

8. TpebGoBanus kK 3TOMy 000PYIOBaHHUIO OYEHb BHICOKHE.

9. PabGorta mpuemMHOro o00OpyJ0BaHMs ObUIa 3HAYMTEIHHO YIIyYIIE€HA 3TOU
IPYIION YYEHBIX.

10.OcHoBHas 11€J1h HAIIEH CTaThH 00JIee TOYHO OMPECIIUTh PACCTOSTHUE MEKITY
JBYMSI ONITUYECKUMU CUCTEMaMU 00paOOTKU JaHHBIX.

11 ConpoTuBieHne mpubOpa pEryIupyercs TOKOM, TMPOXOAAIIUM depes
WHTETPAIBbHBIN THOI.

12.CiocoOHOCTh KOHJEHCATOpA 3amacaTth DHEPTUI0 U OBICTPO pa3psKATHCS
JIeNIaeT €ro He3aMEHUMBIM B Pa3HBIX DJIEKTPOHHBIX CXEMaX.

13.HoBble koHaEHCATOPBI OyAyT UMETh OOJBIIYI0 EMKOCTh U CMOTYT padOTaTh
npu 6oJiee BRICOKUX TeMIlepaTypax.

14 C moMombI0 3TOTO METOJa JIEKTPOMArHUTHBIE BOJHBI MOKHO IOJYYHUTh
pa3ps10M KOHIEHCATOpA.

15 M3meHstomuiicss TOK TIOCTyIMaeT B aHTEHHY, OT KOTOPOM pPaauOBOJHBI
pacpoCTpaHsoTCsS B aTMochepy.

16 IlpenmyiiecTBO HMU(PPOBOTO METOAA 3aKIIOYAETCS B YJIyULIICHHUH KaueCcTBa

H300paKeHus.
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17 Ontuueckue 3JIEKTPOHHBIE MPUOOPHI IS 3alKMCH, XpaHEHUs U 00paboTKu
uHGOpPMAIIUU UCTIONB3YIOT JTa3€PHBIN JTyY.

18.YueHble UCHONB3YIOT KOMIBIOTEPHI JUIsl IPOBEPKU UYBCTBUTEIBHBIX
71a00paTOPHBIX HHCTPYMEHTOB U aHAJIN3a SKCIIEPUMEHTAIBHBIX TaHHBIX.

19.Yuensle mnblTanuch HANUTH BO3MOXKHOCTH IIpEBpalaTh H300pa)KeHHE,
nosyyaeMoe Ha TB uiam peHTreHOBCKOM 3KpaHe, B MH(OPMALHIO, KOTOPYIO
MO3KHO ObLITIO ObI KOJUPOBATH U BBOAUTH B OBM.

20.BonokoHHas oNTHKAa MMEET MHOTO IPEMMYIIECTB. Oojee MMpOoKas IMosoca
94acTOT, MEHBIIME TOTEPH U HEBOCHPUUMYHUBOCTh K 3JIEKTPOMArHUTHBIM
IOMEXaM.

21.OnTudeckue BOJIOKHA MOYTH HE JAKOT UCKaKEeHUH. OHU JaroT OOJbLIYIO
HKOHOMMUIO TIPH Tiepeaade nHPOpMaIK Ha OOJIBIITNE PACCTOSTHHUS.

22 CamMble COBPEMEHHBIE Ja3epbl — Ja3epbl, KOTOpble MpeoOpa3yroT
DJIEKTPUYECKUE CUTHAJIBI B CBETOBbIE HUMIYJbCHl JUId HEpeJadyu 110
ONTUYECKOMY BOJIOKHY, MOTYT JaBaTh YETKO OYEPUYEHHBIE CBETOBBIC
UMIYJIbCHI JUINTEIBHOCTBIO MeHee 1 He.

23B cOBpeMEHHBIX CeTSX CBSA3M CHUTHajlbl B BHJE CBETOBOM BOJIHBI
BO30YXKIAlOTCSl B ONTUYECKOM BOJIOKHE IOJYNPOBOJHUKOBBIMM JIa3epamH,
KOTOpBIE€ HENOCPEACTBEHHO MOYJIMPYIOTCS CUTHAJIBHBIM TOKOM.

24 Jlpyras npo06ieMa ¢ 3TUM TUIIOM JIa3€POB COCTOUT B CHIEKTPAIbHOM YUCTOTE,
KOTOpasi OINpeAessieT AAIbHOCTh IEpelayd CUTHajga CBETOBOM BOJIHBI IO
ONTUYECKOMY BOJIOKHY .

254T100b1 OxapakTepu3oBaTh pabOTy BOJOKOHHO-ONTUYECKUX YCTPOMCTB WIIH
CUCTEM JUIsl NMPUIIOKEHUM, CBA3AHHBIX C NEepeJadeil JaHHBIX, HEOOXOIUMO
UCIIONIb30BATh Ja3ep HEMPEPHIBHOTO HM3IYUYECHHs], MO3BOJSIOUINI MOTYYUThH
JUITMHBI BOJIH B HH(paKkpacHOW 00J1aCTH 3JEKTPOMAarHUTHOTO CIIEKTpa OKOJIO
1,3 MKM.

26.0KcniepuMeHTalbHasE yCTaHOBKA COJEPKUT TBEPAOTENbHBIN MaTepHal,
JAIOIIUH JIA3€PHYI0 T'eHEPALIMIO U HA3bIBAEMbIM YCUJIMTEIIBHOU CPEIOH, JBE

AUH3BL A7 (DOKYCHMpOBaHUS JA3€pHOrO M3IYYEHMs], JIBa 3€pKana s
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OTpaXeHUS M3ITYUYCHHS, POXOIAIIETO Yepe3 3Ty Cpeay, U MPU3MY AJis TOTO,
YTOOBI MOKHO OBLIIO HACTPOUTB JIa3€p Ha ONPEACIECHHYIO JIMHY BOJIHBI.

27 bputanckas ¢upma paszpaboTanma ®W co3gaiga  Cepuio  UGPOBBIX
BUJICONIPHOOPOB, KOTOPBIE pa0OTAIOT Ha KOAMPOBAHHON MH(POPMAIIUH.

28 Ha mpOMBINIICHHBIX MPEANPUATUSIX YCTAHABIMBAINCH KaMephl, CIEIAIINE
3a XOJIOM TMPOM3BOJCTBEHHOTO MpOIlecca, a MOJydeHHAas UMH HH()OpMAaIHs
npeoOpa3oBbIBaiach IUGPOBBIM  aHAIM3ATOPOM-TIPEOOpa3oBaTEIEM B
mudpsel, T.e. B SA3bIK, MOHATHBIA it DBM, KoTOpas B CBOIO odYepenb
BbI/IaBaJia MEYaTHYIO HH(POPMAIIUIO U TapaMeTPhbl Pa3IMYHBIX OTEepaIUil.

29LCD »skpaH TMOKPBIT JUCTOM CTEKJIa C TMPO3PAYHBIM MPOBOIALIUM
TIOKPBITHEM.

30T opuzoHTanIbHBIEC U BEPTUKAIBHBIE TUHUH 00Pa3yIOT TOHKYIO CETKYIO

31Ilonp30BaTeny MOTYT MUCATh Ha JKPAaHE BCE YTO OHU XOTAT C TMOMOIIBIO
AIIEKTPOHHBIX YEPHUII.

32 Bech mnpiiecc 3aHUMAET AOJIO CEKYH/IbI.

33B 3aBucMMOCTH OT MOIIHOCTH KOMIIBIOTEPA M CIOXHOCTH MPOTPaMMHOTO
obecneuenusi, cucremsl Clipboard moryr ObITH 3amporpaMMHUPOBAHBI
pacrmo3HaBaTh  pa3lW4YHbIE  OCOOEHHOCTH  MOYEepKa  KOHKPETHOTO
MIOJIb30BATES.

34 . CtouMOCTb MOKYTIKH aNmapaTHOro 00ecredeHns 3HaUuTeIbHO CHU3UIIACh.

35 Iupokast TOCTYITHOCTh KOMITBIOTEPOB U3MEHHIIIA MUP HABCET/Ia.

36 MkoHKH MpenCTaBISIOT (PYHKIINIO, KOTOpas JOJKHA OBITh BBITIOJHEHA.

37B oTinunM OT CUCTEMHBIX MPOTPAMM IMaKEThl MPOTPAMMHOTO OOecTeueHUs
PacpOCTPaHSIOTCS Pa3TMYHBIMH MTPOJABIAMH a HE TTPOU3BOTUTEIISIMH.

38 KommpioTepHass omepamvoHHas CHCTeMa JTO HWMEHHO CHCTEMHas
nporpamma, koropas ympasiger LY, BXo1oM, BBIXOJIOM U YCTPOMCTBAMHU
aMSITH.

39Umenno s3pik C HY)XHO HCIONB30BaTh, €CIM BaM HYKHO HamucaTh

KOMIIAKTHBIC, 6BICTpBIC B UCIIOJIHCHHUHU IIPOrpaMMEI.

140



40B To ke Bpems, pacrpeneneHHble KOMIbIOTEPHBIE CETH JOJDKHBI yIydlIaTh

TCXHUYCCKHUEC BO3MOXHOCTHU.

TEKCTBI JUIS1 IEPEBOJA C PYCCKOI'O HA AHIJIMMICKUN
JETAIOIIIUA ABTOMOBWJIb

Awmepukanckuii mpogpeccop Kpoy mianupyer B TeueHue OMMKaMIINX YeThIpex
JIET CO3/aTh JIETAIONIUMH aBTOMOOWJIb «CTapkap», KOTOPBIA IO YTBEPKICHHUIO
pa3paboTunka, «OyAeT JieTaTh MNPAKTUYECKH CAMOCTOSITENFHO». YIIpaBJieHUE
HOBBIM ammapatoM OyJIeT CBEACHO K HECKOJbKHUM pyKosTKam Ojaromaps
UCIIOJIb30BAaHUIO OOPTOBOrO0 KOMITBIOTEpAa U CIYTHUKOBOW paJMOHABUTAIMOHHOU
cuctemMbl. MapuipyT nosieta OyzneT oToOpakaTbcs Ha BETPOBOM CTEKJIE, MPHUYEM
KOMITBIOTEP aBTOMATUYECKH BEPHET aBTOMOOWIIb Ha BRIOPAHHBIN MapHIpyT MOJIeTa

B CJIy4ac€ OTKJIOHCHH: OT HETO.

3ECH IIVIECKAJIMCH OKEAHBI?

Mapcoxon «Crnuput» oOciieloBall Ha JHSIX KaMeHb, JISKAIUM HEIaleKo OT
Mecta mnocaaku. W yauBuin yyeHbix. C MOMOIIBIO MHKPOCKOMNA, KOTOPBIM
OCHAIllCHA MEXaHWYEeCKas pyKa anmapara, yJIaJloCh pPasrisileTb B IOPOJIE
HEOXHUJAHHbIE TMOJPOOHOCTH — MAaJICHbKHE IIOJIbIe IIApuKu W TpyOouku. [lo
MHEHHUIO TE€OJIOTOB, OHU BITOJIHE MOTJIM 0Opa30BaThCA B pe3yibTaTe HCIAPEHUS
COJIEHOM BOJIbl. 3aT€M IIOCPEJICTBOM CIEKTPOMETpAa MAapCOXOAy YIaJIOCh
ONpENEINTh, YTO B KaMHE €CTh CE€pa, KPEeMHHUW, LMHK, XJOp, KaJIbLHU U TaxKe
caenpl Kpucraumdeckon conu. [loxoxke, Ha Mapce u B camom Jene KOraa-To

OBLIIN OKEAHBI.
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PEKJIAMA

Opna O6putaHckas gupma, 1o cjioBaMm €€ pyKOBOJUTENEH, TOTOBA 3aTpaTUTh 45
THICSY (DYHTOB CTEPJIMHTOB, YTOOBI C TOMOIIBIO 3BYKOBBIX BOJH BBIMAHHTH Ha
MOBEPXHOCTh 3HaMeHUTYyr0 «Heccu». IlepBbie OmMBITEI ¢ mMpourpeiBanueM llsaToi
cumpoHnn beTxoBeHa NPUBIEKIN TOJBKO MEJIKHX phlOemeK, HO (upma He
oTdaumBaeTcs. Bcsi aTa 3ares BeImsigena Obl OYEHb  CTPAHHOM, €cClid  Obl

JNENUCTBUTENBHOM 11eJIbI0 GUPMBI HE OblIa pekiama e€ MarHuTo(hOHOB.

BUJIEO KAHET BJIETY

Ceiluac CTOUT CEpbE3HO 3aAyMaThCs, CTOMT JIM MOKYINaTh BUAeoKacceThl. [lo
nporHo3aM crneunanuctoB, k 2007 rogy OHM MOTYT TOJHOCTBIO HCUYE3HYTH, a
BMECT€ C HUMH U BUAcOMarHUTO(OHBI (KaKk 3TO B CBOE BpeMs MPOM3OILIO C
JCHTOYHBIMA MarautopoHamu). Mx wMecto yxke cedyac BCE€ HAcTOMUYUBEE
3anuMaroT DVD. U sto cnpaBennuBo: DVD-aucku u kauectBoM Jydiiie, U MecTa
Ha TIOJIKE MEHbBINE 3aHUMaroT. bojee Toro, Mo3BOJSIOT YCTpawBaTh JOMAIIHUE
KMHOTEATphl, 4YeM CTaBAT TMOJ  Yrpo3dy CyIIECTBOBAaHUE KHUHOTEATPOB
TPaJAMIIMOHHBIX, KOTOPbIE CMOTYT BBIKHUTH JIMIIb 33 CUET U300PETEHHS] KAKUX-TO
0coOeHHbIX crield((HEeKTOoB.

MEJIOMAHBI IIOJI BOJON

JIroOuTenn My3bIKA W TUTABAaHUS CMOTJIM HE TaK JIaBHO COBMECTHTH ATH JBa
YBJIEYEHHUS, HACIAOUBIINCh YHUKAJIbHBIM TOJBOJHBIM KOHLIEPTOM. B
omuMmuiickom  Oaccerine  Tymy3pl  nupektop  MexXayHapomaHOTO  IIEHTpa
MY3bIKQJIbHBIX HCCIICIOBAHUI MPEACTABUI CBOIO IMOCJEAHIOK TOCTAaHOBKY,
4acoBO€ 3peiullie, SIBHO mpuileauniee k Ham u3 21 Beka. IIpucyrcrBoBaBiivie Ha
MIPEMbEPE — UCTUHHBIE MEJIIOMAaHbl U XOPOIIUE TJIOBLBI — IMOJYYUIIN BO3MOXKHOCTD

HaCJIaanuThbCA YUCTECUIINM 3BYKOM, KOTOpLIﬁ pacopocTpaHsaiICa B  BOJIC
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AJICKTPOHHBIMHU YCTPOUCTBAMHU CO CKOpOCThi0 1450M/cek, TO eCTh B YeThIpe pasa
ObICTpee, UeM B BO3IyXE.

bonee ToOro, cmenualbHbIC IUIEMbl C IIepeJaTYMKaMH, COCIUHCHHBIC C
MY3BIKQJIbHBIMU KOMITBIOTEPAaMH, TMO3BOJISUTH CIYIIATENsIM CaMHUM Y49acTBOBAaTh B
CO3MaHMK MeJoauHu. I'paro3Hbie MOABOIHbIC TAHIIOBIIUIIEI 3aBOPAKHUBAIHN TJ1a3a
y4acCTHUKOB (heepuH, a BOJAOPACTBOPUMBIE AyXH, 100aBICHHbIC B BOJy OacceiiHa,
NPHUSATHO IEKOTaM OOOHSHWE. HeyauBHUTENBHO, YTO BOCXHIICHHBIC MEIOMaHBI

ropAat TCICPhb KCITAaHUEM ITIOBTOPHUTH HEOOBIKHOBECHHBIN CIICKTAKIIb.

roroJ HA OPBUTE?

EcTb Takas Touka B KOCMOCE, TJI€ CHJIbI IPUTSKEeHUS 3eMiu U JIyHbl HaXoaaTCst
B TIOJIJHOM paBHOBECHHM. Y4YeHble Ha3biBaloT e€ JIuOpelmnH-5, wim, Oosee
bammnbsapHo, JI-5. [log >TUM ke COKpallleHHEM M3BECTHO MEXKIyHAPOIHOE
HAay4YHOE OOIIECTBO, KOTOPOE 3aHMMAETCS Pa3padOTKOW MPOEKTOB KOCMHUYECKHX
CTAaHIIUHU.

AMepHuKaHCKUe Y4E€HBIE MMOJIararoT, 4Tto yke udepe3d 15-20 nmer yenoBeuecTBO
Ooyner B coctrossHuM mocTpouTh ctaHiuioo Ha 10 000 genoBek. 98 mporieHTOB
HEO0OXOJIMMBIX MAaTEPUAJIOB — AIFOMUHMM, TUTAH U MpoYee — MOrja Obl, CYMTAIOT
oHH, natb JlyHa. XapakTepHON 4epTOM MPOEKTa SIBISAECTCSA CO3JAHUE HA CTAHLHUIX
3€MHBIX YCJIOBHH W3HU — FOPOJIOB M TOCEJIKOB C Mara3uHamH, KMHOTEAaTpaMH,
MPOCTOPHBIMU U KUBOMHCHBIMU 30HAMH OT]IbIXa, C MPUBBIYHBIMU JJISl YEJIOBEKA
CWJIOW MPUTSIKECHUS U CMEHOU JTHSI U HOYM.

OmuH W3 TPOEKTOB MpEACTaBiseT cOOOW JBa IWIMHApPA, OOpalaroIiuecs
BOKPYT 0011ei ocu. JIJInHa KaXXI0T0 MUJINHAPA — KHJIOMETP, PaIuyC — CTO METPOB,

nepuo ooparenus — 21cekyHaa.

ANOHIBbI CITACYT E-BU3HEC?
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HccnenoBatenu smoHCKoM Koproparuu T0oshibazassumm o pazpaboTke HOBOIA
TEXHOJOTHH, KOTOPas MOXET OKa3aTh HEOIEHMMYIO YCIyry B OopbOe MpoTuB
XaKepOoB.

Y4yéHbIM y#alOCh IOJMYYWUTH HOBBIM THUIl HM3JIYYalOIIUX CBETOAMOOB,
UCIyCKAIOIIMX 10 OAHOMY (DOTOHY B 3aJJaHHBIN MPOMEXKYTOK BpeMeHu. [1o cinoBam
aBTOPOB M300pETEHHUs, HOBbIE CBETOIMOJBI MO3BOJAT CHAEIaTh ONTOBOJIOKOHHYIO
CBSI3b IPAKTUYECKH HEYSA3BUMOW I IepexBara. Benb IMOIydeHHBIM pe3yJbTar
IPUBOJUT MCCIEAOBAHME B 00JIaCTh KBAaHTOBOM KpunTorpaduu, ocoboro Buaa
ONTUYECKOM  CBSI3M, HEAOCTYHHOM s XakepoB. DOTOHBI, HeCyllHe
3amn(poBaHHbIE JaHHbIE, TOJHOCTHIO MCKIIOYAIOT BO3MOXKHOCTH I€pexBaTa
3JI0yMBIIUICHHUKAMH. TE€XHOJIOTMS K TOMY K€ IO3BOJISIET KAKIBIM pa3 U3MEHATH
KIIOYM MHUPPOBaHUS. DTO OTKPHITHE JODKHO ChIrpaTh BaKHEHMIIYI0 POJb B
pacIpoCTpaHEHUH IHUPOKONOJIOCHBIX IHTEpHET-CEpBUCOB, B TOM YHCIIE U 34 CYET
NOBBILIEHUS] IOLIATHYBLIErOCs JOBEpUs MOJb30BaTelled K  0€30MacHOCTH

AIIEKTPOHHON KOMMEPIIUHU.

TEJIEBU30OP CTAHET KOMIIBIOTEPOM

TeneBuieHne TMEPECTAHET HCHOJHATh CBOK CBATYK) MHCCHIO. COIJIACHO
TEJIENPOrpaMMe INMOKa3bIBaATh IEpeayu, rnepeMexaeMole pexiamon. I1lo nmporuosy
OJIHOTO W3 TJIABHBIX CHEUUAIIMCTOB MO HOBBIM TEXHOJIOTHUSIM B MUPE, OCHOBATEIA
Microsoft bunna [Ceiitca, «romy0ol SkpaH» MPEBPATUTCS B OOJBIION KOMIBIOTED,
KOTOPBIM CMOJKET CBA3BIBATHCS uepe3 VIHTepHeT ¢ cepBepamu, rie XpaHsITCsA BCE
npousBeJeHHble nepenauyn U QuibMmbl. M Mo 3ampocy Tene3puTens HaXOAuTh U
MOKa3bIBaTh HA SKPAHE €ro JIIOOUMBINM cepuai WM HOBOCTH B JI00oe yao0HOe AJis
Hero Bpems. PexiamMe B €€ HBIHEIIHEW WIIOCTaCH TUINHOTU3Epa  «a-Js
KammupoBckuii», KOHEYHO, MpuAeT KoHel: €€ OyIayT 3aka3blBaTh JIMIIb

3aMHTEPECOBAHHBIE JIMIIA, KOTOPHIM HAJ0 OyJeT KyMUTh-IIPOJaTh-CHATb.

TAKCO®OHBI U3T'OHAT U3 BYIOK
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MoOUIBPHUKY HAHECIW MOIIHBIM yAap MO OOBIYHBIM TakcOo(OHaM, KOTOPHIE
IOCTEIIEHHO MCYe3aloT ¢ Hamux ynuu. B SlnoHum TtenedoHHbIX OylnoOK yxke
npaktudecku HeT. A B Hpto-Mopke 1 B MOCKBE MX PEIIMIN CIACTH C TIOMOIIBIO
komnbiorepu3anuu. C suBaps 2004 roga B 00eHX CTONMIIAX yCTaHOBWIM Web-
TaKCO(QOHBI, C KOTOPBIX MOKHO BBIXOJAUTH B MHTEpHET, OTCHLIATH AJIEKTPOHHYIO
noutry, SMS-<coobmenusi, a Takxe choTorpadupoBaThCs U OTOCIAThH POTO MO €-
mail. Ho moka TakcodoHBI OCTarOTCS CaMbiM HAJEKHBIM CPEICTBOM CBSI3H,
0COOEHHO NpH upe3BBIYAiHBIX cuTyanusx. Hampumep, B Horo-Mopke Bo Bpems
tepakToB 11 centabpst 2001roga coToBasi cBsi3b OblIa MEpErpyk eHa, a YIUYHbIC

TenedOoHbI TPoaOIKaIN paboTaTh.

YUYEHBIE CMOT'YT BBISIBJIATh TEHETUYECKHA
MOJNP®UIINPOBAHHBIE ITPOJAYKTbI

BBIABISATE TEHETHYECKUX MYTAaHTOB B TPOAYKTaX IUTaHUS HAYYHUIUCH
poccuiickue yuéHbeie. B ckopoMm BpeMeHH OyneT yTBEp)KIECH CTaHIapT, Oiaromaps
KOTOpOMY HMH(pOpMaIHsi Ha yHaKOBKaX HEKOTOPBIX TOBAPOB CMOXKET OTKPHITH
MOKYTATEJISIM MOJIPOOHOCTH KX CJIOKHOTO COCTaBa.

HoBerii MeTO/ 1M03aMMCTBOBaH OTEYECTBEHHBIMH CIEIIUATNCTAMU Y 3ama HbIX
kojuter. OH TO3BOJIICT BBISSBUTH Yy PACTCHHUS BXKUBJICHHBIH T'€H, KOIUPYIOIIHN
HOBBIE CBOMCTBA, CO CTONPOLIEHTHOM TOYHOCTHIO. JIMmibp B Tex ciaydasx, Koraa
coliepkaHne  MOIU(UIMPOBAaHHOTO  HWCTOYHMKAa odeHb wMaio  (0,1%),
4yBCTBUTEJIBHOCTH MeTO/1a cocTanisieT 83-91%.

Kak wu3BecTHO, MoauduiupoBaHHble MHKpoopraHudMbel emé ¢ 1982 rona
UCITOJIB3YIOT JUISI TIPOM3BOACTBA WOTYPTOB W ChIpoB. Ha ceromHsmHuii J1eHb
CIIMCOK MPOAYKTOB 3HAYUTEIBHO yBeNHUMicsa. Cpeln caMbIX pacipoCTpaHEHHBIX
pacTeHu, MOABEPTHYTHIX MHOTOPA30BOM MYTAIlMH, - Parc, cos U Kykypy3a. OmHa
COSl HCIIOJB3YeTCS MpU Tpou3BojcTBe Oojiee yeM 30 THICAY BHJIOB IHIIECBBIX

IIPOYKTOB.
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[Tocne BHeApEHHsS] HOBOIO METOJA CIELMAIMCTBI HE OCTaBAT 3Ty Temy. OHH
HaMEpEBAIOTCSl  CO3[aTh METOJ, KOTOPBIA IIOMOXET OINpeAesaTh eme u

KOJIMYCCTBCHHOC COACPKAHUC MOI[I/I(bI/IHI/IpOBaHHBIX HNCTOYHHKOB.

HE OTJAJAUM MHTEPHET HA CBEJIEHHUE

OmenomJsifoliee 3asBlIEHUE HEAaBHO crenan npodeccop TexHOIOrnyeckoro
yHuBepcuteTa XenbcuHku Xany Kappu: MHTepHeT mepecTtaHeT CylIecTBOBAaTh B
2007 rony. Yuéuslii cunrtaet, uto CeTh OyJIeT YHUUTOXKEHA BUPYCAMH U CIIAMOM.
JleficTBUTENHEHO, OOPOTHCSA C BUPYCaMHU, KOTOPBIE CO3MAIOT XaKephl, C KaXKIbIM
rogoM ctaHoBUTcs Bc€ cnoxkHee. [lo manueim ®OBP CIIA, ymep6 ot
KOMITBIOTEPHBIX B3JIOMIIUKOB COCTABIISICT TPUUIMOHBI IOJUIApOB exkeromno. Cram
— OecriaTHbIE peKJIaMHbIe TTHchMa — exxeTHeBHO Ha 80 % 3a0uBaroT JEKTPOHHYIO
noury Kaxjaoro mnosb3oBatens Ceru. boppba mpu momonm «4€pHbIX CIHCKOBY,
KITFOUEBBIX CJIOB W OTCIICKUBAHUS JIOKHBIX aJPECOB OTIPABUTENS pe3yjbTaTa HE
nana. B aTom romy momnpoOyroT yHUYTOXAaTh HA30MIMBBIE PEKJIAMHBIE MHUChbMa C
MOMOIIBI0 HOBBIX TPOTPaMM, KOTOphle OyayT TpeboBaTh OT OTIPABUTENS
NOATBEPKIATh CBOIO JIMYHOCTh €LIE JI0 TOro, Kak MUCbMO YWJIET C MOYTOBOIO
cepBepa. B o01ieM, nporpaMMHCTBI MOKa JenatoT BCE, yToObl criactu BeemupHyto

IIayTUHY.

«CYMACHIEJIIAS» PYCCKAS PAKETA

OauH U3 caMbIX 3aCEKPEUYEHHBIX POCCUICKUX BOEHHBIX CYNEPHPOEKTOB UMEET
KofoBoe HazBaHue «(Ctpena». Hamum KOHCTPYKTOpPBI CO3[al0T NPUHLHMIHAIBHO
HOBOE OpY>KHE — THUIIEP3BYKOBYIO PaKETHYIO CHCTeMY. JTa pakera cCrocoOHa
MaHEBpPUPOBATh IO BBICOTE U KypCy M MOpa)KaTh LEJHU B JHOOOM TOUKE 3eMIIU.
[ToBenenue «Ctpenbr» B MOJETE HE CMIOCOOEH MPOCUUTATH J1aXKe CaMblil MOLTHBIN

KOMIIBIOTEP INPOTHUBHUKA — aJITOPHUTM HU3BCCTCH TOJIBKO TEM, KTO BBOJUT MOJIETHOE
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3alaHie B «MO3r» pakeThl. Kypc BBITVISIAUT COBEPIICHHO <«HEIOTUYHBIMY,
HAPYIIAIONIAM BCE 3aKOHBI 0ATUTUCTUKH.

Jlaxke caMble aBTOPUTETHBIC 3aIlaJHbIC YYEHBIC MPU3HAIOT, YTO 3((HEKTUBHBIE
cpenctBa OOpHOBI C Takoil pakeToll OyAyT pa3paOoTaHbl B JyYIIeM Cly4dae JeT
yepe3 50-70. €T1pena» BBIBOAUTCA B KOCMOC C IMOMOIIBIO MOIIHOTO JBUTATENS
MEXKOHTHUHEHTAJILHON OQJNTUCTUYCCKON paKeThl, Ha 3a/IaHHON BBICOTE OT/IEIISCTCS
OT HEEe W JICTUT aBTOHOMHO CO CKOPOCTBIO, KOTopas oT 6 10 14 pa3 mpeBsimaer
CKOPOCTH 3BYKa.

OOBEKTUBHOCTH pajyl CTOUT CKa3aTh, YTO TMEPBBIE HWCIBITAHUS 3TOTO
CYMEepOPYX U XOTSI W TPOIUIA B IIEJIOM YCIIENIHO, HO BBISBWJIM U HEKOTOPHIC
TEXHUYCCKHUE TIPOOJIEMBI, CBS3aHHBIC NPEXKJE BCEro C JBUTATEIIIMH PaKETHI,
KOTOpbIE TPU MaHEBpax IO BBICOTE W KYypCYy HWCHBITHIBAIOT 3ampeeiabHbIC
Harpy3ku. OJHAaKO HAIlMM HWHXXEHEpaM YXKE YAAIOCh <IIePEXUTPUTH» H ITY
npo0eMy 3a CYET HCIIOIB30BAaHUS CEKPETHOTO HOY-Xay, KOTOPOE IT03BOJIIET

JIBUTATENISIM YCTOMUMBO pabOTaTh MPHU JHOOBIX TEMIIEPATYPHBIX PEXKUMAX.

YTO TAKOE WI-FI 1 WI-MAX?

Wi-Fi (Wireless Fidelity) -0ectipoBoiHast KOMIIbIOTEpPHAS CETh, MPUAYMaHHAs
Bukom Xeitsom. WM3nawameno Wi-Fi npennasHadanach miiss  0OCITy>KMBaHHS
KaCCOBBIX CHCTEM, HO TMOTOM yIIIa B Macchl. Kak 3asBISIOT KOMITBIOTEPHBIC
rurantel Tuma Intel, B ckopoM BpeMEHM MBI IIOJIHOCTBIO TIepelaéM Ha
oecripoBogabie TexHosormn Wi-Fi mmu Wi-Max. WM 310 He ToJoCIOBHBIE
sasBiennss — B 2003 rogy B Ilapwxke Havaim co3jaBaTh HallMOHAIBHYIO
O€CIIPOBOHYIO CETh, KOTOPas HAKPOET HE TOJIBKO BCIO (PPaHIly3CKYIO CTOJUILY, HO
u Omwkaifmue mpuropoasl. IlpencraBere cebe: nokampHas OecrpoBOJHAS CETh
pasMepoMm ¢ Mmeranonuc! O1o m He danTactuka? A B okpyre Koxymous (CIIA)
MecTHBIN MHTepHeT-TipoBaiiiep coOupaeTcs co3gaTh OECIPOBOMHYIO CETh,

MOKPBIBAKOITYI0 TeppuTopuro 9500KM.
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Ha naHHBI MOMEHT HaM mpeiararoT ucmonb3oBath Wi-Fi npaktruecku Besje.
KapmanHble wWrpoBble TIPHCTaBKU mpu ucnojb3oBanuu WIi-Fi  nmaror Ham
BO3MOXKHOCTh KOJICKTUBHOM urpel. B Mmogembr DSL unm Dial-UP BcrpauBatores
nepenatanku  Wi-Fi, 1omoOHbIE yCTpoWcTBa MOTYT HE TOJIBKO OOECIeYHTh
WHTepHETOM BCIO KBapTHUPY M COCEACH, HO M HAIAIUTh MAJICHBKYIO JOMAITHIOK
O€CIIPOBOIHYIO CETh.

B Mockse xe ceitvac okomo 1000 3aperucTpupoBaHHBIX TOYEK AOCTyHa M
npuMepHo S000HeopUIIMATBHBIX OESCITPOBOAHBIX ceTei. Macca moBOOB TOBOPUTH
o toM, uyto Wi-Fi — 310 Oyayiiee u, KCTaTH, TOBOJLHO HEIJIOX0€ OYyyIee, Tak KakK
B Ommkaiiiee BpeMs oxuaaercs npoaosnkenue cemeiicta Wi-Fi. Vike poamnoch
cuibHOe auTs ¢ uMeHeM Wi-Max. B npuniume 3to sorudeckoe npogonkenue Wi-

Fi, HO ToNBKO TOpa3mo MorIHee u ObICTpee.

HOBBIN CTAHJAPT, BOJIBIIIE BO3SMOKHOCTEM

Wi-Max (Worldwide Interoperability for Microwave Aess) -koMMepueckoe
uMs cranaapTta OecnpoBogHoi cBsizu. Ceromns Wi-Max - ato yke He mpocto
HEOOJIbIINE TEepPeJaTYMKU C MaJ€HbKUMH BO3MOXKHOCTSMU — 3TO TEXHOJOTHUS,
NO3BOJISIONIAs TepeAaBaTh JaHHbIE HAa /-8 KM CO CKOpPOCTbIO 2 Mmeradura B
cekyHay. A mepcrnekTuBbl emé Oonee comuanbie: 50 kM u ckopocth g0 /0
meraburt. Ilpuuem ecnu pasbiie ¢opmarel crangapra GSM «waraunBanuch»
CHavaja I MepeIadu rojoca, a MoToM JUIsl iepeadn JTaHHbIX, To Gopmat Wi-
Max «3atoueH» cpa3y i Tepeaadnd TaHHBIX — BHIIE0-ayauO0 U JIIOOBIX (HaniioB.
DTO NMOJTHOIEHHBIN 1TUdpoBoi popmar.

[Tomyugaercsi, Wi-Max MOXeT COCTaBUTh CEPbE3HYI0O KOHKYPEHITUIO HE TOJBKO
Ha pbIHKE OCCIPOBOJHBIX CETEH, HO M Ha PbIHKE MOOMJIBLHOMN CBS3M. YKe ceiuac
IUTAHUPYIOT BhINyCKaTh TeledoHbl ¢ mnoaaepxkoi Wi-Max3Hauut, Oymyiiee
BUJICOTENIe(POHUM HE TTPOCTO HE 3a TOPaMHU, a YKEe Ha TOPU3OHTE.

BYMAKHBIE I'AZETBI OCTAHYTCA B BUBJIMOTEKAX
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[IpencraBeTe cebe, 4TO BBl unTaeTe razery. Ho B pykax aepKute HE OOBIYHBIN
ra3eTHBIN JIMCT, a THOKYIO TUTACTHKOBYIO TUIEHKY. KaXIble MSATh-ACCATH MHUHYT
uH(popmaIus Ha Hell OOHOBIIAETCS MPSMO Y Bac Ha rja3ax BMECTE C KapTHHKAMHU.
Nmenno Tak, mno mporHo3am dkcrneproB IBM u  Maccauycerckoro
TE€XHOJIOTUYECKOT0 UHCTUTYTA, OYyT BBITJISAETh Ta3eThl OyAYIIEro yxKe JIET yepes3
ceMb. PeBomionuss B MHpe HocHUTeleld HWH(OpManuu CcoBepudTca Onaroaaps
AIIEKTPOHHOM Oymare, KOTOpas CMOXXeT padoTaTh, Kak IUCIUICH, U MPUHUMATH
TEKCThl U (poTorpaduu ¢ MOMOIILI0 HOBOW OecpoBOAHON TexHOJoTuu. [Ipu 3TOM
«ra3era» MOYTH HUYEM He OyAeT OTIMYAThCS OT CTapoil OyMakHOW: M300pakeHne
BUJIHO MOJI OOJIBIIUM YTJIOM 3peHusl, €€ MOXKHO CBEPHYTh B TPYOKY AMaMETPOM B
JIBa CAHTHUMETpa WU CJOXWUTb, Kak HOCOBOM 1iaTok. Wudopmanus Ha
AJIEKTPOHHOM Oymare MoxeT ObITh «tepepucoBaHa» 6omee 1000pa3 — Tpu pasa B
JeHb B TeyeHue roxaa. Kamko OyneT BbIOPOCUTH HE 10 KOHIIA MCHOJb30BaHHBIN
razeTHpld JucT. KpoMe Toro, y 3JeKTpoHHOM raszersl OyaeT emié u yCTpOMCTBO,
KOTOPOE MO3BOJIUT CKauMBaTh U3 MIHTEpHETa HOBOCTH I10 JKEJIAHUIO BJIAIEIIbLA.

W3 takoil Oymaru M3roTOBAT W AJIEKTPOHHBIE KHUTH, KOTOpPBIE MOXHO OyAeT
«MEHATH» Ha HOBBIE MOCTIE MPOUTEHUS. YK€ €CTh ONMbITHBIE 00pa3libl, Ha KOTOPHIX,
OMUMO TEKCTa, JIETKO OTOOpa)karoTcsi BuaeomaTepuaibl U rpaduka. [logoOnas
TEXHOJIOTUSI CO BPEMEHEM TMO3BOJIUT YHUTATENIIM OYyKBaJIbHO BXXHUBAaThCA B
JMHAMUKY BUPTYaJIbHOTO MOBECTBOBaHUA. WM jaxe CTAaHOBUTHCS YYACTHHKAMHU

CHOXKETa.

I MOLIHBIX JIASEPOB

SIBneHME AIEKTPUUECKOTO pa3psia B razax JEKUT B OCHOBE MHOTUX MPHUOOPOB
U YCTPOMCTB, CI€JTaHHBIX YEJIOBEKOM, HAUMHAas OT JaMIl JHEBHOI'O CBETA U KOHYas
ra30BbIMU JIa3€paMH.

Pa3psan MoxkeT ObITh BBI3BAH MPUIIOKEHHEM K 3JIEKTPOJaM KaK MOCTOSHHOTO
HAOpsDKEHUs, TaK M DJIEKTPUYECKOro ummyibsca. llpu HeOOnbmIMX 3HaYEHMSIX

BEJIMYMHBl HMMIIYJIbCA W HU3KOM JaBJICHUM IPOLECC IPOTEKAET MeIJEeHHO. B
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pe3yJbTaTe 3TOr0 HOHMU3UPOBAHHBIN ra3 (I1a3ma) 3amoJHsAeT O0JIbIIONH 00BEM, Kak
B TOH K€ JlaMIie THEBHOTO CBETA, TJI€ OH 3aHUMAaeT BCIO TPYOKy. CTOUT yBEIMYUTD
BEJIMYMHY HMITYyJIbCa M JaBJICHHE, KaK pa3psi NpUHUMaeT (GopMy HCKPOBOTO
ITHYpa, IPOTIHYTOTO MEXTY SJIEKTPOIaMHU.

ABTOPBI OTKPBITHS MMOKA3aJld, YTO M MPU aTMOC(HEPHOM TaBICHUH U OOJBIIHX
3HAYEHUSIX MMITYJIbCa MOYKHO TOJyYUTh OOBEMHBIN, a HE MIHYPOBOM paspsia. s
ATOTO JOCTATOYHO TOJBEPTHYTH Ta3 MPEABAPUTEIBHON HOHU3AIUU C TTOMOIIBIO
00JTydeHus.

OTKpBITHE AAJI0 BO3MOXKHOCTH CO3/1aTh TEXHOJIOTHIO TIOJYyYEHHUs ITUTa3Mbl B
Oonpmx 00BEMAx, YTO B CBOIO OYEPENb CTAJIO OCHOBOW JJIi HOBBIX MOITHBIX

ra3oBbIX JIa3€POB HA pa3psaAac BLICOKOI'O AaBJICHUS.

YKA3YIOIIU TEPCT

Hapner »ToT mepcreHb Ha yKa3aTeNnbHbIA Maliell MOXHO  yIPaBIISATh
KOMITBIOTEPHBIM KYPCOPOM, KaK YroJHO MepeMenias Ja3epHblil 1yd aOCOIOTHO MO
10001 MOBEPXHOCTH. DTO UEATHLHOE YCTPOUCTBO TSl IPOBECHUS MTPE3CHTAIINN C
UCIIOJIb30BAaHUEM MYJIbTUMEIUNHBIX MPOEKTOPOB. [lo/ OonbiiuM nanbiiemM yno0HO

PasMECTUIIMCDh KOJICCO CKPOJIMHIa U JIBC KIIABUIIIH.

O/JHOATOMHBINA TPAH3UCTOP

Cnenuanuctel MaH4YeCTEPCKOT0 YHUBEPCUTETA B AHIJIMU O] PYKOBOJCTBOM
npodeccopa Auape ['eiima u noktopa Koncrantuna HoBocenoBa co3nanu camblii
MaJIeHbKHI B MHpe TpaH3ucTop. OH mpecTaBiseT co0oi CTpyKTypy u3 rpadeHa -
MaTepuana, COCTOSILIEr0 M3 OJIHOTO CJIOSi aTOMOB yriepoda. Takum o0Opas3om,
TpaH3ucTop npu mupuHe SO aTOMOB MMEET TOJIMHY BCEro B OAMH aToM. Yem
MEHBIIIE  pa3Mephbl, TEM  BHINIE  OBICTPOJACUCTBUE, OJHAKO  OOBIYHBIN
MOJIYIPOBOJJHUKOBBIA Marepuan — KpEMHUH — B TaKMX MaciiTadax TepsieT CBOU

CBOICTBa, B TO BpeMs Kak rpadeH ocTaeTcsi CTaOMIBHBIM Ja)XX€ B TOM Ciydae,
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KOTJIa peub UAET 00 3JIeMEeHTax aTOMHBIX pa3MepoB. JlocTukeHne ncciaenoBaTenen
JieaeT BO3MOXKHBIM CO3JjaHHE CBEPXOBICTPHIX MHKPOIPOLIECCOPOB C HEBBICOKHM
JHEPronoTpedieHueM, OJHAKO MPEeXAe MNPUAETCS  PEHIMTh  MHOXXECTBO
TEXHOJOTHYECKUX MpoOJieM: B HAcTosllee BpeMsl HE CyHIecTBYeT 3(P(PEeKTUBHBIX
METOAMK I (POPMHUPOBAHHS 3JIEMEHTOB Pa3MEPOM B HECKOJIBKO HAHOMETPOB,
NOJOOHBIX TPAAUIMOHHON nuTorpadguu. Tak 4TO MOSIBIEHUS MUKPOYHUIIOB HA

OCHOBe rpa)eHOBBIX TPAH3UCTOPOB BPSII JIM CTOUT OKuath panee 2025rona.

HUDPPOBASA ®OTOIIJIEHKA

Komnanus SANDISK, u3zBecTHas Kak KpyImHEHUIINN TPOU3BOIUTENb YCTPOUCTB
Ha OCHOBE SHOPIOHE3aBHCHMOM MaMsTH, pa3padaThlaBaeT MPUHIUITHAIBHO HABBIN
BUJ ITU(GPOBBIX HOcUTeNer s poTokamep. OCOOEHHOCTh UX OYyIET 3aKItouaTcs B
TOM, 4TO WH(OPMAIIHIO TTOJIE30BaTEh CMOXKET 3aMucaTh TOJBKO OJUH pa3, KaK Ha
Tpanuiuonnyio (oromnenky. B SANDISK nomuepkuBaior, 4TO NpUMEHEHHE
Takol «auppoBoii (GOTOIUICHKH» W30aBUT BIAJENbIEeB (oToammapaToB OT
HEOOXOJMMOCTH XPAaHUT CBOM KOJUIGKIIMM HW300paXeHMd Ha BUHYECTEpax
KOMIIBIOTEPOB WJIM OMNTHYECKUX JUCKaX. [ apaHTUPOBAaHHBIA CPOK XpaHECHUS
JaHHBIX HAa HOCHTENSAX, IOCTPOCHHBIX Ha OCHOBE TPEXMEPHBIX CTPYKTYD

MOJTyTIPOBOTHUKOBOM mamstu, coctaBut 1007er.

KYPTKA C MbILIIIAMMH

Kuner POWER JACKET3amensier HepaboTaromue Mbltisl. [Ipote3 coctout
U3 BOCBMH TPYNI HMCKYCCTBEHHBIX MYCKYJOB — aHAJOTOB TPAINCIMEBUIHOM,
JENbTOBUAHON MBI, OuWIlerca, TpHUIENca, MBI mnpeariedbs. CeHCOopHI,
YCTaHOBJICHHBIC HA JIOKTAX M 3aMSACThAX 3J0POBOM PYKH, MEepenaroT HHHOPMAITUIO
0 nBwkeHHH B Onok ympasienus. [locme oOpabOTKM MPOIECCOPOM CHUTHAI
MIOCBUTAETCS YK€ Ha COOTBETCTBYIOIIME MTHEBMATHUYECKHE MEXaHWU3MBI, KOTOPBIC

YIPaBISIOT HUCKYCTBEHHBIMH MBIIILAMU OOJNIbHON pyku. B pesynbrare mamueHt
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MOJKET BBIMIOJIHATH MPOCTEUINE JEHCTBUS. MOAHUMATH U OIYCKaTh PyKH, CTHOATH
UX B JIOKTSX M Jyue3amsicTHbIX cycraBax. K coxanenuto, POWER JACKETHe

MOXKET IMTOMOYb ITOJJHOCTBIO IMapaJIn30BaHHBIM JIIOISM.

MSI MEGA BOOK S270

Komnanuss MSI| npencraBuia HamieMy BHUMaHHUIO HOBBbIM HOyTOyK. Mopens
S270 MOXKXHO CUMTATh JIOTMYECKUM pa3BUTHEM 3ToW juHedku. OOnanas spKuMm
JBEHAAATUIIOMMOBEIM [FT — nucruieeMm, cucTeMa NpelHa3HAuY€Ha B IEPBYIO
odepenr IS JIEJIOBBIX JIIOJEH, KOTOPHIM Ba)XHA HE CTOJIBKO CKOPOCTh B
NPWIOKEHUAX, CKOJBKO KadecTBO paborsl. W mpaBna, (QyHKIIMOHUpPOBaHUE
CHCTEMBI, OCHOBaHHOW Ha HOBOM mporeccope AMD Turion 64, 3acmyxuBaer
BCAKUX moxBaj. Hecmotps Ha To, yTo wactoTa mporeccopa qumb 1.6 I'T, Bce
OTEpallMi BBIMOJIHSIIOTCS JIOBOJIBHO IIYCTPO, a 3arpy3ka €MKHUX MPUJIOKEHUN
OCyIIEeCTBIsiIeTCs  ObicTpo, Omaromaps 512 MO  omepaTUBHON  TaMSTH.
B3aumMopeiicTBue ¢ BHEIIHUM MUPOM BEIETCS MPAKTUYECKH BCEMU BO3MOKHBIMU
crocobamu. Brmamenbily HOyTOyKa TPEIOCTaBISCTCS MIUPOKUN BBHIOOpP CIIOCOOOB
BBIMTH B ceTh Win coeneHuth cBoit IIK ¢ apyrumu ycrpoiictBamu: Gigabit LAN,
moneM, Wi — Fi unu Bluetooth.Ho miast HopMaabHOro (pyHKIIMOHHPOBAHHUS BCEX
YCTPOHUCTB MOXET TIOHAIOOMTCS YCTaHOBKA JApaiBEpOB, KOTOpPHIE WIYT B
KOMILJIEKTe Ha JMcKkax. B Hamem ciydae moTpeOoBalioCh YCTaHaBIIMBATHAAKE
JIparBepa Uil 3ByKOBOM IJIAThl. B KOMIUIEKT MOCTaBKM BKJIFOUYEHBI TPU AUCKA C
npaiiepamu u [10. Bo3moxxHoctn oOMeHa JaHHBIMH — MPEICTABICHBI
ycTpoiictBamu pabotsl ¢ guckamu: DVD — RW —papaitBom u diemn — pusiepom Ha
Tpu tuna kapt: SD, MMC, MS. PacumpsTe BO3MOXHOCTH HOYTOyKa MOKHO H
BHEIIHUMHU YyCTpoicTBamu, crnocoOHbiMu mnoakmodatcs kK PCMCIA, USB unu
FireWire. B kopobke Ttaxke Haigercsi USB — Mbliib, KOTOpas CYyIIECTBEHHO
obseraut padboty. OCHOBHOE 3HAYEHHUE JAHHOTO YCTPOUCTBA — OBITH TOMOIITHUKOM
JIEJIOBOMY 4€JOBEKY, KOTOpPbIH HE NpoYb TMOPOM TOCMOTPETh BHUAEO WIIU

MOCIyIIaTh MY3bIKY. BCTpOCHHBIC CIUKEpPHI HE CMOTYT OOECMEYUTh OTIMYHOTO
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3By4aHUs, HO BO3MOXXHOCTh TMOJKIIOUEHUS HAYINTHUKOB HCHPABUT ATOT
Henocratok. Hoyt ocHamien Li — lon — akkaymynstopm emroctbio 4400 MA. K
CO’KaJICHWIO, BpeMsi pabOThl B aBTOHOMHOM PEXHME JUIIb HEMHOTUM OOJBIIE
JIBYX 4acoB, €CJIM Harpy3Ka CUCTEMbI CpaBHUMA C O(PUCHBIMU 33Ja4aMH. AKTUBHAS
urpa, npocmotrp DVD — punpmoB u npyrue mogoOHbIe 3a7a4l MOTYT COKPATUTh
Bpems (pyHkunoHupoBaHus. [logBOAsS WUTOT, CTOWT CKas3aTh, YTO JAaHHAS CHCTEMa
MPEACTaBIIET COOON XOPOIIYH MAIIWHYy, 00JIaJalonyl0 BCEMU HEOOXOIUMBIMU
GYHKIIUSAMEU, HEOOXOAUMBIMHU JIETIOBOMY YEJIOBEKY, HE CTPEMSIIIEMYCs TPEBPATUTH

MOOUJIbHBIA KOMIIBIOTEP B UTPOBYIO CTAHIIHIO.

USB WIRELESS ID — LOCK

JUIsL TOTO 4YTOOBI OrPAaHUYUTH JOCTYI K KOMIIbTEPY B IEJSIX O€30MacHOCTH
CYIIECTBYET HECKOJbKY TMPOCTHIX CIIOCOOOB: ycTraHoBka maposis Ha BIOS,
HampuMmep, Wik Ha mnpodmis monb3oBatenss B Windows. C mosiBieHuEeM
ycrporictBa ID — Lock sator cnimcok mMoxHO pacmmputb. OHO COCTOUT U3 ABYX
YyacTel: JaTYMKANepeNarollero CUTHAl M YCTPOMCTBAa NPUHUMAIOIIETO STOT
curHai. Ilpu mepBoM paccMOTpEHHHM MPUEMHUK TMOKaxeTcs Tebe OObIYHOU
draemkoil HeOonbIUX pa3MepoB. Ha HeMm HamucaHO Ha3BaHUE YCTPOMCTBA U
HAXOJIUTCS CBETOAMO/I, MHIUIUPYIONINI paboTy ycrpoiicTa. [lepenaTunk cuenaxn
B BHJIE€ Kpyrioro Openika, ¢ OJHOM CTOPOHBI KOTOPIO HAXOAMUTCS KHONKa WU
UHIMKATOP BKIIIOUEHUS, C JPYroM OTCEK Uid yCTaHOBKHM OaTapeiiku. Kak >xe Bce
3T0 pabotaer? [lpuemHuk ycranaBnuBaercsi B USB — mopt kommbrepa, a
NepeaTurK UCIONb3yeTCsl Kak cBoeoOpa3Hblil Onokuparop. [lpu ero otmanenun
OT MPUHHUMAIOIIETO yCTPOWCTBA OoJee yeM Ha 2 — SM KOMIIbTEp 3aKPBIBAECTCS OT
NOCTOpOHHUX. Ecau omnsTb BHECTH TNepelaTyuk B pajgdyc JAEUCTBUS, TO
IPOUCXOTUT pa30siokupoBka. KHomka Ha Openke (mepeaTyrke CHrHalla) CIYXKHT
JUISL €70 BKITFOYCHHS/BBIKITIOUEHUs. [Ipy BBIKITFOUEHUH IPUHUMAIOIIEE YCTPOMCTBO
nepecTaeT MPUHUMATh CHUTHAN MepeJaTyrKa W OJOKUpPYEeT JIOCTYI, Ha SKpaHe

BO3HHMKAET TUAIIOTOBOE OKHO, B KOTOPOM HYKHO BBECTH Mapojib (3amaercs mpu
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ycranoBke [10) g cHATHS 3amuThl. Bce J0HENB3s MpPoCTo. Y CTPOHCTBO
MOCTABJISIETCS. C JIUCKOM, KOTOPBIM CONEPXKHUT IMpOorpaMMHOE OOECTieueHue s
pabotel ¢ ID — LOCK 1 pykoBOJACTBO TOJIB30BATENsI, B KOTOPOM OYEHb MOHITHO
pacnucaHbl BCE IIard MO yCTaHOBKE W paboTe ¢ ycTpoicTBOM. MaHyanm MOXKHO
nountath kak B PDF tak m B DOC - ¢opmare. B kopobke ectb USB —
YIJIMHUATENh, YTO TOBBICUT YynoOCTBO paboTel. s mepemerenus Openka —
nepesaTyYuka B KOMIUIEKTE TOCTaBKU MPEIYCMOTPEH NIHYPOK JJIsl €0 HOILLICHUS Ha
miee. [Ipyu Mcnonb30BaHUKM OECIPOBOJHOTO YCTPOMCTBA OrpaHUYEHHsS AOCTyNa K
komrbTepy ID — LOCK ObutM BBISIBIICHBI HEKOTOpPBIE HEIOCTATKH. KphIika,
3aKpBIBAIOIIAS OTCEK IS OaTapeWKu Ha MepeaaTduKe, JENaeT 3TO OYeHb IUIOXO,
TOTO Y IJISIIM ClIOMaenlb 3aienky. Ha npuHuMaroiieM ycTpoicTBe €CTh KOJIIAvyoK,
samumatomuii pazbeM USB ot moBpexaeHuii, Ho OH Tak Tyro CHHMAaeTCs W
0JIeBaeTCs, YTO HAYMHACUIb BOJHOBATCS 3a CyAp0y ycTpoiicTBa. B 3akimtoueHun
MOXHO cKa3aTh, uto ID — LOCK cMoeT OCTaHOBUTH HemoOpoxenaTenei,

BO3KCJIABIINX OBJIAACTH TBOMM KOMIIBTCPOM.
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IMPUJIOXKEHHUE 1

according to- cormacHo

account for- oOBsSICHATH

after a while- uepes Hexoropoe Bpems
after the manner-no crioco0y

a great deal of-mHuoro

ahead of time-3abiaroBpeMeHHO
allow for- kommeHcupoBath

along with- oxHoBpemeHHO

and the like- u Tomy momooHOE
any longer- yxe; 6onbiie He
apart from- momumo, kpome

AdS- Kak, Korjga, Tak Kak

as a matter of fact-baxruuecku

as close as possiblexax MmoxHO ToOuHEE
as a whole- B nieirom

as early as¥yxe; emgé

as for- uyTo xacaeTcs, OTHOCUTEIILHO
as if- xak Oyxaro

as in the casexkak B ciyuae ¢

as long as-no Tex nop, nmoka

as regardsuro kacaeTcs

as so0N askak TOJIbKO

as well as-raxke kak

at a glance-cpasy, ¢ nmepBoro B3risga
at all- BooOie, coBcem

at all events-ipu Bcex ycnoBusx

at least-mo kpaiineii mepe

at a time- ogHOBpeMEHHO

at issue-paccMaTpuBaeMbIii

at random-nayras; npou3BOJILHO
at the cost-3a cuer

at will- o xenanuro

be alike- ObITh MOX0XKUM

bear in mind-umets B BUAY
because of43-3a, Bciieacreue

be due to-o6ycnasnmuBath(cs)
before long-Bckope

be likely- BepositHO

be of use-6bITh NONE3HBIM

be of value-umers 3HauecHUE
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beyond doubt-anecomuenno

beyond questionsue coMHeHus

bring about-ocyiecTBasTh, OBITH IPUUUHOM
bring into contact-coenuusaTh

but for- eciu ObI He

by all means-o0s3arensHO

by far- nenocpeacreenno

by means of-npu nomomu

by no means+#ukonm oo6pazom

by then- k Tomy BpemeHH

by turns- mno ouepenu

by virtue of- 6maromapst, mocpeacTBOM
compatible with-coBmecTumebIii

deal with- umets nemo

depending on-B 3aBHCHUMOCTH OT
despite-necmoTps Ha

do without- o6xoauTecs 0€e3

due- oJKHBIN, HaIexKalnui

due to- BciencrTBue, u3-3a

either...or- wiu...uam

end to end-HenpepbIBHBIH

even-maxe, pOBHbIN, YETHBIN

ever since-c Toro BpeMeHH

far less-ropazno menbie

far more- 3sHaunTeNEHO OOJBIIE

figure of merit-kpurepuit

first rate- nepBokaccHbIM

for- muis, B TedeHue, Tak Kak

for ever- mascerma

for lack of- u3-3a orcyrcTBHSs

former- nepsbrii

for the rest-B ocranpHOM

for the sake of-panu

for the time being-na Bpems, noka

get rid of- ocBoOOkIaTHCS OT

give rise to-BbI3bIBATH

go into operation-BcTynarth B ACHCTBHUE
greatly- odenn, B 3HAYUTEIBHON CTEIIECHH
have nothing to do with#ie uMeTh HUKAaKOIO OTHOILICHUS
half as much-s n1Ba pa3a meHbIie
hence-ciaenosarenbHO

highly- Becbma

if any- eciu TaKkoBBIE BOOOIIE HUMEIOTCS
if at all- ecau 370 BOOOIIE OyAET
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if ever- eciu xorga-i1. 3To ObIBacT

in accordance with€ornacuo

in addition to- B goroJyiHEHUE K

in advance-3apanee

in behalf of- g, pagu

in common with-coBmecTtHO

In comparison to-1o0 cpaBHEHHIO ¢

in consequence ofs pesynbraTe

in contrast t0-B MpOTUBOMOIOKHOCTb
in due time-B cBoé Bpems

in effect- B nelicTBUTENBHOCTH, B CYIIIHOCTH
In evidence-3ameTHbIN

in excess of-6omnpmre, uem

in favour of- B monb3y

in fine with- B cooTBeTcTBUN

in honour of- B yecTh KOro-1I.

In its turn- B cBOIO oUepeb

IN Many respectSBo MHOTHX OTHOIICHHUSX
in Mind- MOMHKTBH, UMETh B BUAY

IN NO Case-Hu B KOEM Cliydae

IN NO time- MOMEeHTaIbHO

in order to- aia Toro, YToObI

in outline- B obmux yeprax

in part- gvacTuaHO

in particular- B ocobennocTH

In point- paccMarpuBaeMblii

In question-o KOTOPOM HJIET peUb

in relation to- oTHoCcHTEIBHO

in respect of-uro kacaercs

in spite of- HecMoTps Ha

instead of-BMecTo TOro, 4TOOBI

INn Step- CHHXPOHHO

iN SUCCESSIoNI0CIIEN0BATENBHO

in such a way-rakum criocobom

in terms of- B Buae, Ha ocHOBE

in the course ofs nporecce

in the long run-B koHIE KOHIIOB

in virtue of- mocpencrBom, Gyrarogaps
irrespective of-6e3oTHOCHTETHEHO

it goes without sayingeamo coboit pazymeercs
it is high time- naBHo mopa

it is of interest-unrepecHo

it is safe to say-mMoKHO ¢ YBEpEHHOCThIO CKa3aTh
it is unlikely- manoBeposiTHO
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last but one-mpennocnenumii

liable- moaBepkennbIi

like- moxoxwuii, mogo0HBIN

likely- BepositHO

make use of+#icmnonp30BaTh
Mmeans-cpecTBo, Crocod

meet demandseTtBeuaTh TpeOOBaHUIM
minute- MenpyanImii

needless to sayHevero u roBOpHUTH
neither ...nor-uu...Hu

no longer- 6obIiie He, yXKe HE

No matter-ue3aBucumMo OT

none the lessHanckoIbKO HE MEHBIIIE
no sooner...thankak ToxbpKO
notably- uckIOYUTEILHO, 0COOEHHO
off the point- e o cymiecTBy

of value- uennsiit

on account of-uz-3a, Bciencraue
on a par-B cpeaHeM

on behalf of-otr umenun, Bo ums
ONcCe- KakK TOJBKO, IIOCJI€ TOI'O KaK
once and againHeoTHOKPaTHO

ON NO acCouNtHu B KOEM Cllyyae
on record-3aperucTpupoBaHHBIN

on the contrary-1ao6opot

on the one hande oxHoli cTOpOHBI
on the other hande apyroii cTopoHsI
on the whole-B uenom

other than-kpome, moMmumo
otherwise-unaue

out-of-date- ycrapeBmuii

out of place-ue Ha mecTe

owing to- u3-3a, BCaCACTBHE
partially- gactunano

particular- ocoOwIii, onipeneeHHbINH
partly- gactunano

pay attention-oOpamaTh BHUIMaHHE
provided- mpu ycioBuu

quite a few-muoro

rather than-a ne

regarding- OTHOCHUTEIBHO
regardless-ue3aBrucumo

relative to- otHocuTeIbHO

result from- monyuyaTthcs B pe3ysbTare
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result in- mpuBOIUTH K

roughly- npuomu3uTenpHO

rule of a thumb-smoupuueckuii MmeTo
scarcely-enBa

similar to- nmomoOHbI

since- ¢, ¢ Tex mop, Kak, Tak Kak

so far- no cux mop, moka

S0 long as-nockoibky, moka
somewhat-B HEKOTOPO# cTereH:

step by stepiiocrenenno

such is the caserak o6crout aeno
take account ofyuuteBaTh

take advantage ofsocronbs3oBaTbes
take into accountyauTeiBaTh

take part-npuHEMaTh yyacTHe

take place-poucxoauTsb

take steps{ipuHUMATH MEPbI

thanks to-6marogaps

that is- To ectb

that is why- nosromy, BoT mouemy
the former- nepBerit U3 ynmoMsHyThIX
the latter- mocnennuii

the only- equncTBeHHBII
the...the-dem...Tem

the very- tot cambrit

thus- Takum o6pazom

to advantage< ycnexom

to a great extents 3Ha4YUTEIBLHON CTENICHU
to be a successimets ycmex
together with-uapsay c, BMmecte ¢

to some extenti1o HeKOTOpOU CTENEHU
to this end-c »1oi1 uenpro

turn out- okasbIBaTHCs

twice as high-B aBa pasa Bbinie

under considerationpaccmarpuBaeMslii
under way-B mporecce oCyIeCcTBICHUS
unless-eciu ... He

unlikely- manmoBeposiTHO

until recently- o HenaBHero BpeMeHH
until then- go Toro Bpemenu

up to- BrIOTH 110

vice versa-Hao0opoT

whatever- kakoii ObI HU
whenever-koraa Obl HA
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whereby- Tem cambiM

wherein- B uem

whether...or-umu ... win

with a glance to< yuetom

with a view to- ¢ nesnpro

without question-6eccriopro

with reference to-cceutasce Ha

with regard to-c mHamepeHuem

with respect to-no orHommeHHIO K

with the exception ofsa uckroueHnem
worth-while- 3aciyxuBatoniuii BHUMaHWSI
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