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HE most lamiliar co-
noept about the birth ol
the universe s the Hot

if they meet each
other, will vanish within a
flash. releasing enormous
amount of energy). As the uni
verse started np-nan‘ and
temperature dropping. -
cles started combining to
heavier forms under the
of the four forces

initial moments; later on
revealed themselves as
different aspects of a single
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attraction of strong nuclear
force and started to combine
to form the nuclei of the atom.
Once the temperature had
dropped to a few thousand de-
s, electron and nuclet no
had enough energy to
overcome yet another force.
electromagnetic force (the
elect tic attraction be-
tween negatively charged elec-
tron and positively charged
proton causes the electron to
orbit the nucleus of the atom)
and they would have started
combining to form atoms. With

of atoms
vier ones and
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thereby
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All matter that we see in
this universe. including peo-
is elc. are made up of

tiny building blocks called

explain the wuniverse and
search for a theory

even just one principle
that ltes behind everything
that has happened, is happen-
ing and ever will happen in our
universe.

,As It can be inferred. the
Theory for Everything must
m a model that unifics the

and particles. discuss
boundary conditions of the
universe, L.e. the initial condi-
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The Ultimate Quest : Theory For Everything!

breadth Theorists believe that
the other extra dimensions are
curied up iIn subatomic level.
But it is necessary to know
that the must com-
bine Einstein's Theory of Ce-
neral Relattvity and Quantum
Mechanics. The Theory of
General Relativity describes
the force of gravity and the
large scale structure of the
universe — planets, stars.
galaxies for instance. Quantum
mechanics, on the other hand,
deals with phenomena on ex-
tremely small scales, from
atomic to subatomic level and
s0 on. The most useful wol to
unify elecromagnetic. strong
nuclear and weak nuclear
forces is quantum mechanics
So. in order 10 have a unifica-
ton theory — Grand Unifica-

Many physicists believe that such a set of rules — the Theory
may be within our reach. The theory may contain a set

Everything
Sairly sample

Proton and neutron are made
up of even smaller particles
called quarks. These are ele-

men les under the
class ‘fermions’. There (s a
te set of particles which

transmits the aforesaid forces
betweeh matters in the uni-
verse. Such force-carrying
les are under the class
ns'. Bosons are of four

Ig::: corresponding to four

s — gluon is the unit of

strong nuclear force. Similarly.
photon is for elegtromagnetic
force, graviton for gravity and
intermediate vector boson for
weak nuclear force. So the en-
tire universe boils down to
some clementary particles at
the grassroot level. But this
view of elementary particles
may still, inadequate until
scientists' dash into the Big
Bang. Unification of forces,
truly elementary particles, are
going to be unfold only then. It
would be possible only then to

tions at the every earliest mo-
ments and also the outer
boundary. i.e. if the universe is
still expanding. there should
be an outer boundary or edge
instde which expansion is still
taking place: same goes lor a
contracting universe o. Also
it should predict precisely how
many types of particles there
are. Basically it should give a
mathematical model of the be-
haviour of the universe.

The path w achieve such a
theory is definitely not going
to be an easy one. We muslt
provide room for enormous
complexity although we expect
it to be a simple codc. Many
prominent scientists have sel
themselves for this ultimate
quest. Lots ol new concepts
are in the offing. For example
superstring theory. one of the
most exciting current theories
which predicts ten dimen
sions, may seem crazy at the
first look since we often lind
difficulties in adding the forth
dimension. time, to the other
three — length. width and

tion Theory — a quantum theo-
ry ol gravity must be discover-
ed. Quantum mechanical. way
of looking Into gravity, is that
gravity is made up of gravitons
as light is made up of photons.

But this ‘quantum mechani-
sation’ of gravity has some
technical problems. Stephen
Hawking, one of the leading
physicists working along this
line, has had some bizarre re
sults : 'black holes aren't
black'; there may not be any
boundary conditions. t.e. the
universe is as we sec it sell
contained; then empty space Is
nol really empty — it is teemed
with particles and antiparticics
which add up to gnormous
amount ol energy

So there may sttll be a long
way to go before the theory lo
everything Is handy. But we
wouldn't be far wrong o ex
peclt a positive result at the
close ol the century

Now Lhe gquestion arises il
we have a theory lor every

w will 1t be possible to
iet every detatls! Will a
young married be able
o' predict their crying
at any unpleasant hour at night

with the help of mathematical
formula or how many times
will the opposition walk out
from the national assembly in a
year?

Even if it is possible.
how specific can we be? Not
every, that's for sure? For the
calculations required will be so
vast that no imaginable com-
puter can handle it. There is a
further problem that uncer-
tainty principle of quantum
mechanics restricts our ability
to predict things. Uncertainty
principle suggests that we can
not measure exactly both the
velocity and position of a part-
cle at the same time. no mat-
ter how successfully we try to
observe it We can learn the
precise position of a particle
only to give up the velocity,

Taking this limitation into ac

count. physicists have rede

fined the goal of selence that
the Theory of Everything will
be a set of laws that makes it
possible to predict events upto
a limit set by the uncertainty
principle. which necessarily
means that in many cases we
will have to satisfy ourselves
with statistical probabilities.
not specifics

S0, as it appears the search
for the ultimate theory of the
universe seema difficult to jus-
tify on practical grounds

But eversince the dawn ol
civilzation, man has been Iry-
ing to explain the inexplicable,
s find order that underlics
the nature. o answer the
guestion why we are here and
where we come [rom. His goal
is nothing less than a complete
description of the untverse

And 1t i1s the most persistent
and greatest adventure In hu
man history, this scarch for
understanding the universe.
how it works and where it
came from.

cooling still taking place sam-

Safety of Nuclear Installations

LTHOUGH the opera-

ting record of nuclear

power is good, wides-
pread public concerns about
nuclear power and nuclear
facilities continue.

The main challenge ahead
is to achieve a global record of
safe and well- lated nuclear
technologies which are not
detrimental to human health
and the environment. The
Agency plays an tmportant role
as a visible instrument of in-
ternational collaboration to
maintain an acceptable safety
level worldwide which fosters
international consistency and
harmontzation.

in 1990, the nuclear salety
standards advisory group re-
viewed revised texts of safety
guides on and as-
sociated topics as they relate
to siting of nuclear installa-

tions., emergency power sup-
plies in the of such fa-
cilities, and s and train-

ing of operational personnel.
The international nuclear
safety advisory ge'oula (INSAG)
completed deliberations on
the question of safety culture
and took an active role in pro-
viding advice on the nrolect on

safety. (Photo: Framatome)

the safety of WWER-440 model
230 reactors in Eastern Eu-

e Safe operation of
nuclear installations

Teams of experts f[rom
Member States carried out
seven pre-o tional or oper-
ational safety review team mis-
sions (OSART) to nuclear
power plant sites or plants.

Visits to construction sites
revealed a need for basic orga-
nizational changes. the applt-
cation of modern management
principles, the introduction of
comprehensive quality assur-
ance provisions. and rein-
forced industrial safety prag-
tices.

Crowing interest was shown
by many countries in the
assessment of safety significant
events team (ASSET) pro-
gramme resulting in a signifi-
cant increase in a activities in
this drea. As part of a series of
five ASSET missions requested
on the first generation Soviectl

designed WWER-440 Model
230 reactors, three missions

were conducted to Greifswald
(Germany), Bohunice (Czec-

hoslovakia) and Kozloduty
Mulaarial [ater an ASSFET

‘Maintenance tools are checked before use as part of quality assurance methods in nuclear

implementation miasion to
Gretfswald was carried out to
assist in implementing rec-
ommended immediate correc-
tive actions.

An International seminar on
the use of unusual events to
improve power plant salety

addressed the y and
practice of usng tion,
disseminated 1 gh report-

ing systems, w0 *¥inforce nu-
clear power plamt safety.

It covered unusual event
reporting systems, unusual
event reports as a tool o im-
prove salety. event asscssmentl,
lessons learned and corrective
actions, eflect of the feedback
Frucrss, and objective and ef-
ectiveness of reporting sys-
tems.

The international nuclear
event scale (INES) was final-
ized and adopted for a one-
year trial period. By the end of
the year, 25 countries had in-
formed the Agency that they
were users of the scale to rate
the safety significance of

evenits and had agreed to re-

ﬁor‘l to the Agency within 24
ours inlormation on any

events of level 2 or above for
worldwide disseminatinn The

rating of the safety significance
of nuclear events based on
seven levelg and three at-
tributes, ws ddescribed in de-
il in a use: 5 manual.

Althougly the scale was de-
veloped primarily for rapid
communication with the pub-
lic, it has been used increas-
ingly for technical purposes:
many incident reporting sys-
tem (IRS) reports adopted it
and ASSETS used it to rate the
safety significance of events
being studied.

As part of the incident re-
porting system. the breakdown
of the main root cause cate-
gories experienced in cvents
reported in 1990 showed 48%
were attributed to equipment
faflure. 26% to personnel er-
ror, and 15% to procedural er-
ror [with the remaining in
other categories).

Emphasis was placed in
1990 on tmproving the aware-
ness of ageing phenomena and
on developing methods for
evaluation and management.
Reports in this area were pro-
duced on salety aspects of age-
ing. material ageing mecha-
nisms and the detection and
mitigation of ageing effects.
and_ the use of probabilistic
safety assessment in relation to
plant life extension.

Others covered practices
for data collection and record
keeping and methodilogies for
the selection of nuclear power
plant components whose age-
ing should be assessed for
management studies. and un-

' derstanding. monftoring. and

mitigation ol ageing cflects for
four safety significant plant
components selected for pilot
studies. An advisory group was
formed to assist countries op-
cerating reactors to perform
comprehensive safety reviews
in the light of available interna-
tonal

These reviews should form
the technical basis for the
salety decisions which ulu-
mately should be taken by the
countries. Specifically, the re-
views aim at identifying design

and operational weaknesses

that may threaten plant safety
and at suggesting salfety im-
provements.

The 324 research reactor
facilities operatigg as of De-
cember 1990 provide collec-
tive operating experience ol
more than 10500 reactor
years. In 1990, integrated
safety assessment of research
reactors [INSARR) missions
visited facilities in the Islamic
Republic of lran, the USSR (2).
and Bulgaria, which was the
100th INSARR mission con-
ducted.

Safety assessment
techniques

Work continued in 1990 on
standardizing probabilistic
safety assessment methodology
including specific guidance in
the arcas of computer codes
for probabilistic safety asscss-
ment (PSA). teatments of ex-
ternal hazards, common cause
faflures, human errors. data
collection and analysis. and
performance of independent
peer reviews.

A personal computer based
computer code was finalized
allowing PSA to be used to
predict, for example. the ef-
fect on safety of taking compo-
nents out of service under
conditions. The information
provided includes impact on
core melt probability, likely
accident sequences. and the
ranking of the importance of
cquipment relevant for salfety.

Work on risk assessment
concentrated on the compara-
live envirunmental and health
impact of different energy
syst€ms for electricity produc-
tion in preparation for the Se-
nior Expert Symposium on
Electricity and the Environ-

ment held in Helsinki in 1991.
In co-operation with the

United Nations Environment
Programme (UNEP), the
United Nations Industrial De-
velopment Organization
(UNIDO), and the World
Health Organization (WHO),
work progressed on a risk
management procedures guidc
for industrial areas invulving
potentially hazardous installa-
tion.

New Duct Robots Improve Indoor Environments

NEW generation of re-
A mote-controlled robots
for inspection, cleaning and
coating inside mediumsized
and large ducts and ventilation
shafts has been introduced bK
Wintclean Air, AB, Swedis
specialists in the field of
improving Indoor enviro-
nments.
The new robot called Bandy
11 is equipped with large
brushes, a suction unit and a
video camera for inspection,

runs on caterpillars, and car- -

rics a variety of tools for dlﬂe;-
ent purposes. The new crawi-
ing unit can clean both round
and square ducts, sized
150x3000 mmp and larger,
from dust, fungl, and other

The dirt removed by the
brushes is sucked up by the

| substances

powerful vacuum cleaner, the
micro filter of which has a

99.97 per cent efficiency. The
robot weighs 10 kg. The
chaice of brushes is deter-

mined by the size and shape of
ducts and character of the
dust. Wintclean says even heav-
ily contaminated exhaust ducts

muﬂmnﬂmmu
cleaned.

Ducts with internal acoustic
lining are Mirst cleaned with
high-pressure air to remove
loose dirt without damaging
the surface. The lining is then
sprayed with a specially de-
signed coating, which restores
it to its original smooth condi-
tion and captures remaining
fibres, preventing them from
being emitted into the air ven-
tilation system.
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Saving Ozone Shield

=

Through Sound

HERE is rencwed pre-
ssure on governments

I ol most countries, envi-

ronmentalists and scientists o
tackle ozone depiletion in the
atmosphere due to man-made’
chlorofluorocarbons.

It is now well established
that when released into the
air, cholorofluorocarbons rise
over a period of years into the
stratospherc (atmosphere
above 20 km and below 50 km
[rom the carth's surface),
where ultraviolet (UV) radia-
tion breaks them down into
their components — carbon,
chlorine, bromine and flourine.

Chlorine in CFCs destroys
ozonc, a minor but very impor-
tant part of the stratosphere,
which shiclds the Earth from
much of the sun’'s harmful UV
rays.

Today the [amily of CFCs
includes many hundreds ol
compounds. But only five of
them are considered as most
damaging Lo the ozonc laycr.
They are CFC-11 CFC-12,
which are used in refrigera-
tors; CFC-113 used mainly as a
cleaning agent, and CFC-114
and CFC-115, which have a
variety of uses.

The [irst three constilule
more than 90 per cent of the
CFCs. Teflon, the non-reactive
polymer used in non-stick fry-
ing pans and Halon used in fire
extinguishers are also ameong
them. ;

The main ozone-destroying
relrigerant CFC-12 (Freon)
could be replaced by another
CFC-134a. CFC-12 is very casy
to manufacture, but CFC-134a
is much meore difficult to make
commercially. It is also likely
to cosl three times as much as
CFC-12 and may nol last as
long. It can not be used in pre-
scni-day relrige
on CFC-12 because it is highly
corrosive.

The proposed replacement
for CFC-11, used to make plas-
tic foam and in central air
conditioning systems, is a
compound HCFC-22. This is a
CFC already in use in domestic
air conditioncrs and s much
more expensive than CFC-11.
Its potential applications are
limited, however, by its inle-
rior characteristics.

IICFC-22 is not as good a

healt insulator ag CFC-11 and it
is therefore unsuitable as a
foaming agent for insulating
plastic foams. In addition
HCFC-22 is also a CFC and has
to be replaced ultimately by
2010 AD., as per the Montreal
Protocol.

A Washington-based envi-
ronmental rescarch institute
has issued a report that HCFC-
22 is a very harmful chemical
and should be banned along
with CFCs immediately and not
allowed to be used until 2010
AD. f

Several groups of scientists
and enginecers are working on
development of new refrigera-
tion technologies that do not
depend upon CFCs at all and
many even be more eflicient
than conventional cooling sys-
tems. Altempts are also being

By G V Joshi

made Lo revive old technolo-
gics wilh present-day supcrior
engineering malerials.

One ol these uscs sound en-
crigy blasted into a kid of organ
pipe lo achieve cooling, Deve-
lopers of sound-driven refrige-
ration say that such therm-
oaccouslic devices could chill
nitrogen to its liquefaction
temperature of — 195.5
degrees celsius or cool the air
in a room or an automobile by
only a few degrees. One of
them was tested aboard the
Space Shuttle mission in
January Lhis year.

Another ol the new relrig-
eration technologies subjects
liquids rather than gases in
present-day refrigerators of
cycles of compression and
expansion to move heat away
from the objects being cooled.

Some experts suggest a
return to refrigerants like am-
monia and sulphur dioxide
used during the 1930s belore
the invention of CFCs. But sul-
phur dioxide is very toxic and

Sfive

rators working °

Today the family of CFCs
includes many hundreds
of compounds. But only
of them are
considered as most
damaging to the ozone
layer. They are CFC-11
CFC-12, which are used
in refrigerators; CFC-
113 used mainly as a

cleaning agent, and CFC-
114 and CFC-1185,

which have a variety of
uses.

ammonia frritates the lungs.
Many casily liquified s like
butane and octane Lﬁ.tcmtght
serve as refrigerants are unde-
sirable because they pose [ire
and explosion hazards if
released accidently.

Many other easily liquified
gases that might otherwise
scrve as refrigerants are unde-
sirable because they causc
rapid corrosion of metal parts

‘and seals, destroying the com-

pressors, and valves essential
in conventional rel tors.
The invention of CFCs was
regarded as a breakthrough
because they are non-toxic,
non-flammable, noncorrosive
and practically indestructible
in normal use.
Thermoaccoustic refrigera-
tors have no moving parts,
aside from the disphragm of
its loud-speaker and can use
cnvimnmenl-l’lr:‘cnﬂilyd:n;rklr:g
s. Althou sign is
5:::;:1:! and subtle, the
underlying principle is simple.
A loudspeaker at the end of
a tube emits an extremely loud
note that resonates inside the
gasfilled tube to form what is
called an accoustic "standing
wave' in which individual
molecules of gas are in rapid
oscillating motion while the
wave as a whole does not move
at all. Organ pipes and other
wind instruments set up simi-
lar standing wave resonances.

The gas molecules move
back and forth at the same
frequency as that of the loud-
specaker at the end of the pipe,
and as they move they act as
microscopic workers in a
bucket brigade, carrying heat
away {rom the thinner regions
of the standing wave toward its
thickest bulge, its antinode.

If a metal plate is placed
within this antinode, the plate
absorbs hcat from the gas
molecules and can conduct it
away from the refrigerator,
leaving cooled gas in its place.
The tool gas in turn can draw
heat away from refrigerators or
air conditioners,

The sound note played by
the thermoaccoustic loud-
spcakers is so loud that it
would destroy living tissue
cxposed to it, but the sound ft
almost confined in the res-
onating tube. The noise the
user will hear outside is less
than the noise of an elcctric
fan.

One thermoaccoustic re-
[rigerator built was tested
aboard a space shuttle flight in
January 1992, where it re-
duced the temperature of an
object under study by 118
degrees celsius. By modifying
the design, the device could be

. made to move much more, heat

over a smaller temperature

range as required in a house-
hold size refrigerator or air-
conditioner. Such a unit could
chill beer as well as preserve
vegetables and meat.

Another group of scientists
is wo on an entirely dif-
ferent re ration system in
which liquids rgther than
gascs are compressed under
enormous pressure and used
to pump heat away from the
interior of relrigerators or
even rooms, as a matter of fact
many liquids like water can be
compressed under high pres-
sure and can be even more ef-
ficient than compressed gases
in moving heat from one place
to another as in domestic

refrigerators.

In -one model, scientists
used liquid carbon dioxide, an
‘environmentally friendly’ gas
at one time, at a pressure
141 kg per square centimeter.
However, it must be much
more robust te confine this
enormous pressure.

The principle of working is
the same as in conventional re-
frigerators. A carbon dioxide
refrigerator will be much heav-
jer and bulkier and would be
most useful as an industrial
plant unit for chilling water
which may be used to cool en-
tire buildings.

The ozone depletion prob-
lem has f(inally scien-
tists to take a fresh look at the
refrigerators and a working so-
lution may come out sooner
than expected. However, one
thing is clear. A housewife will
have to spend more money
while buying a new
and the unit is going to be big-
ger and bulkier for the same

interfor capacity.



