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fate and way of life of the

people. it has to be re-
membered that the stakes are
high and res ty. enor-
mous. A | mistake or lack
of effective measures can lead
w far-reaching cffects towards
the establishment ol a happy

get

: o of decent
clothes and education. To
them, de means not
only freedom to speak but
freedom from With
what | would the fon
of tion. the production

requirements a
we are getting more and more
dependent on foreign assis-
tance. We thus need, on one
hand, austerity and on the
other, increased production
and services. This needs for-
mulation of a national policy
and execution of a develop-
ment plan which will lead to
an acceleraled increase ol
Gross Domestic Product (GDP)
and im ment of the qual-
ity of life ol our le. Fatlure
to achieve this will result in
countrywide anarchy and
indiscipline and we shall just
gl poorer,

| am assuming that we arc a
free and country and
thus shall not make any devel-
opment plan which will per-
mancntly depend on foreign
aid. No doubt, we shall need
forcign assistance in the be-
ginning. especially for finance
and technology. but we shall

HE GREEK philosop-
her Zeno of Elea is

famous _for demons-
trating that motion is logically
impossible. He argued that a
runner who wishes to reach a
goal must first run from the
starting point to the midpoint
of the journey, then run from
this point to the midpoint of
the remaining distance, and so
on. for ever. The runner will
never reach Lhe goal, said
Zeno, becausc il is impossible
to traverse an infinite number
of intervals.

Of course, Zeno refuted his
own logical deduction each
time he went for a walk.
Nevertheless. the paradox
stimulated considerable

philosophical discussion, and

led eventually to a
mathematical understanding of
the process of infinite

subdivision of a finite but
continuous entity.

In quantum mechanics. the
theory of the microscopic
world, there is a paradox
which is similar in spirit to
Zeno's paradox. In 1977, B.

_suppression.
observed continuously,

have to butld the infrastructure
to achieve scli-rellance, start-
ing with some | tech-
and developing appro-

priatc technology ourselves.
This is where science
comes into the scenario of de-
velopment. The difference be-
tween the rich and poor na-
tions s the f(act that the
former is developing science
(means of understanding the
nalural environment) and
technology ( controlling and
managing it) in order to dis-
cover natural resources and in-
vert means o utilise them and
improve their valuce by applying
technology. Unfortunately
sclence and tec devel-
oped laster for destructive
purposcs. especially in the
twentieth century, but we, the
late-comers in the use of
science and technology. have
the advantage of choosing Lhe
beneficial uses of the tech-

nologics already developed and
:m’in such scientific re-
that help us to adopt
the correct technology for our
necds. Applied and goal-ori-
ented research will automati-
cally give risc to basic re-
scarch.
| shall give one or two ex-
amples. Recently a new tech-
n has been devcloped
which could control pests in
somec crops. This nuclear
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lec
To apply such a method. prior

to ficld research. one has to
know the lfe-cycle and mating
habits of the insects con-
cerned, needing basic re-
scarch. Development and in-
vention of new malerials Lo
produce solar cells of higher
efficiency that will enable us to

" make economic and wide ap-

plication of solar PV-technol-
ogy need fundamental research

on properties of semi-conduc-
tors. And so on. Il is however,
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very impoertant to select areas
of research so that it is in con-

sonance with the principle of
achieving technolagical sell-
rcllance. Here, each country

will foll¢w fts won policy, de-
pending on requirements and
optimum benefit

In a recent study group
mecting held in India between
lop scienlists, industrialists
and administrators fin which |
was fortunate to be invited).
the S&T of India and
Korea were discussed. It was
interesting to note that India
was taking a longer time to de
velop some vital technologies
for production because the
country warnted to be sclf-re-
llant upto the level of the raw
materials that are obtained
naturally in the country so that
they do not have to import any
of them. Economic production
necds larger output which is
only possible for a country with

a large internal market. Korea
developed the same uct,
and faster, because t were

willing to import some of the
raw materials as well as the
technology. They made up the
larger import bill by exporting
some of the products. It is,
therefore, very Important to
draw the level of sell-reliance
to be achieved in technology.
This depends on the need and
cireumstances of a particular
country including the availabil-
ity of the natural resources.
The concept of increased
cmployment and low capital
investment for production

series the author — a noted scientist of the

science for
to better the

eould be followed tn our enun-
try tn the beginning. espedially
lor local consumption. but this
policy should be replaced by
ymethods for higher efficiency
and quality of production and.
in the meantime. the neces
sary technology has to be de

nbred. Higher clliciency and
guality does not necessarily

mean lower employment. be-
cause increasced and improved
ction leads 1o enhance

‘ ment of the value of the prod-

ucet and a wider lechnological

reltance will be determined by
the ulimate capabtiity of the
counlry. at least upto a reason-
able period of time (say one
generation/20 years). In this
connection, preference should
be given to import -substitution
than cxport promotion (except
in exceptional cases like gar-
ment industry), because such a
policy would kcep the prod-
ucts at home, thus meeting the
needs of the people.

The determining f(actor in

In the case of Bangladesh, it has to be remembered

that we are a large country with a of over
100 million, and we must have a plan for

infrastructure which will cre
ate new opportunities with
highcr skill

In the case of Bangladesh, 11
has to be remembered that we
are a large country with a pop
ulation of over 100 milion
and we must have a long-term

plan for tech | self-re
ance. Such a nology plan
should be designed 1o meet
the immediate uirements

but gradually the level of tech
nology and skill should be im
proved to match with the so
clo-economie plan and achieve
ultimate f from foreigr
financial and technical assis
tance. The technology plan will
be automatically taflored and

carving out a development
programme flor the country is
the natural resources available.

Bangladesh 1s rich In man-
power and nol so devold of
natural resources as is popu-
larly believed. Production from
rcnewable resources can be
multiplied many times over
with marginally improved
lechnology and better produc

tifon practices. As for the non-
renewable ones, we must make
optimum usec of them and add
their values with the input of
technology and skill. | would
ke 1o give an cxample. The
beach-sand at Cox's Bazar and
adjointng coastal arcas contain
many hcavy minerals tnchid

ent and
ty of life of our people.
expanded and the level of self Ing. amongst others, good

quantity of “garnet”. The gar-
net can be used as sbrastves in
the manufacturing of
papers. il this Is mixed
sirong cement or sione. the
resu grinding wheel can
be used for sharpening tools
and other pu . The value
of garmet will then be iIn-
creased.

Next, if the les of gar-
nct can be me under heat
and pressurc to make stones
or jewels, the price will be en-
hanced many times. Further
addition of its value is possible
with its use in making micro-
chips and laser-like devises.

| would now like to give an
answer to the adverse com-
ments on the performance of
our scientists and the large
number of scientific research
instimations that exist in the
country. It is certainly not the
fauh of science, which has so
been successfully applied 10
produce technolegy in other
couniries. The reason Is not
difficult o find. In spitc of the
fact that there s an excellent
National Science and Technol-
ogy Policy, last prepared in
1986, and Lhe existence of a
National Council for Science
and Tech , there is lack
ol political will on the part of
the Government to apply
science for development. This
ts borne by the fact that the
scientific Institutions have
been given no specific tasks o

perform, except giving proper
answers to audit queries in re-
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for Bangladesh

e

country — cites the lack of political
suggests effective implementation of

thus it Is an good as zero
allocation with the added
disadvantage of affccting  the
morale of the working
scientists. Control of their
cxpenditure has 1o be made
with a different approach. ban
with accountabtiny. Morcover.
there is a big gap between
research results and
production which has 0 be
filled up by necessary funds
and linkages.

it is due to lack of moral
:.:rpnﬂ and incentive by the

icy -makers Lhat scientists
of the country arc frustrated
There is a large number of
professional scientific bodies
too. whose recommendations
are only gathering dust in the
administrative departments.
The saying that “position
makes a man perfect” is applt-
cable 1o scientists also. If they
arc given a responsibility w
help solve the problems of the
country and are given assur-
ance that Lheir rescarch re-
sults and recommendations
will be properly lollowed up
and a mechaniam is set up lo
exchange experfences of sef-
entists. entreprencurs and
administration. then the cred-
ibility gap between them will

It is also important to in-
volve scientists in policy is-
sues, including export and im-
port. and in the [(eastbility

studc s of natinnally mporan
preecis. i seicnils were i

Mnmm-
start the Jatpsrhat Limestons
Project or adopt a correct
sirategy for the caplorstion
and use of netual gas. then the
Covernment woulkl hawve Laken
8 differemt strptcgy My own
honest adviee s theet we shewbd
no! wuit lor forcign axd o

plement natknally important
projeetls (b be ideniified

intly by professtnal porsons,
cennamisis and adminisira
tors).

Just gs Home was et bl
n aday. 1 has o be resem-
brred thal seience Is ot

of history. where nations fol-
lowing different pohitical

duc o their long-term vwesit -
ments in scienee and lechnol-
ofy. Bangladesh will be no ex
ceplion.

In our struggie for democ-
racy, ket us not forget that the
task of butiding a nation cannot
be achieved by scnliment
alone. The enormous gap in
the standard of living of the
rich and poor nations cannot
be closed or narrowcd without
the input of lechnulogy n our
production process and the
required time can only be re-
duced by a massive use of high
technology ( c.g blo-technol-
ogy. clectronics and computer
science). which is by no means
ex . but whose fall-out
effect In the Reld of local
science and technology will be
far-reaching

Part  of this article on The
Structural Frameweork jor Im

plementation will appaar on
this page next wevk.

Misra and George Sudarshan of
the University of Texas showed

that the decay of
an unstable particle — for
example. a radicactive nucleus
— s suppressed by the act of
observation. The more times it
is observed, the greater is the
When 1t is
the

simply does not happen.
has a quite staggering
implication : a radioactive
nucleus that is watched
constantly remains intact for
ever, despitc the fact that it is
intrinsically unstable. It is this
phenomenon of "a watched pot
never boiling” that Misra and
Sudershan call the quantum
Zeno effect. -

For the ellect to oecur, one
technical condition must be
satisfied. For a short internal of
time after an unstable particle
has been created, the
probability of it decaying
should increase with the

square of its age. In practice,
the condition is usually
satisfied.

The interval of time is
known as the Zeno time. I
measurcments of the particle
are made within one Zeno
time of each other, a
phenomenon known as “the
collapse of the wave [unction”

ensures that the decay Is

su ressed.
¢ wave [unction in

quantum theory is a
mathematical ecntity that
contains information about the
dynamic behaviour of a
particle. The Schrodinger

equation determines how the
wave function evolves in time.
While the wave function is
evolving. 1t contains within it
all the

possibilitics of the

particle’s future; bul the
moment Lhe article is
observed, it falls into one

particular state. Physicists say

! . Ao
_ﬁ‘uﬂn Ihl;* wave  function
The guantum Zeno effect

- occurs in the following way.

Inttially, the wave hinction of
an unstable particle s
concentrated around the
undecaycd state. As Ume
passes, however, the wave
function spreads out into the
dccayed state. But cach time a
measurcment is made, the
wave [unction snaps back, or
"collapses”, into the undecayed
stalc.

The guantum Zeno effect
would seem to imply that an

unstable particle in a bubble
chamber will never decay.

because the track it leaves

behind signifies that it is being
observed continuously. But
physicists see unstable
particles routinely when they
inspect tracks made in bubble
chambers.

In facl, there is no paradox.
When physicists look more
closcly — on the atomic scale

A Watched Atom Never Decays

— they lind that the track is
not continuous, but broken up.
This means that the
obscrvation of the unstable
particle 18 not continuous at
all, but intermittent. Although
the gap between consecutive
nbservations is small, it is
longer than the Zeno time.
which s exceedingly smali.

The quantum Zeno effect
recmains wonderfully
counterintuitive and dclics
belief. Recently,. however.,
DaWd Wineland ‘and’ his
colleagues at the National
Institute of Standards and
Technology, Boulder, Colorado,
have performed an experiment
that lecaves no room for doubt.
The experiment carried out by
Wincland is a slight variant of
an cxperiment roposcd
originally by Richard Cook of
the US Air Force Academy,
Colorado Springs.

The rescarchers studied
the behaviour of tons of
beryllivm. They confined about
5000 tons in an apparalus
known as an fon trap and
applied a radio frequency. or
RF, field. They chose the
frequency and strength of the
RF ficld carcfully so that it
would stimulate the fons to
make a transition from their
lowest cnergy state to a state
at higher cnergy. In the field.
the fons jumped back and
forth between the two en

states once every 2
milliseconds.
Next, the physicists

illhiminated the beryllium tons

with short pulses of light. cach
lasting 2.4 milliscconds. These

were the "measurement”
K::la:a. If a rticular fon
ppened to in the low

cncrgy state. a photon in the
pulsc would rapidly excite it to

the high energy state. The
beryllum ion would then
immediately remit the photon
in a random direction. a
process known as scaltering.

The light was scaticred only
by the jons which were in the
low energy statc, not by those
that had been stimulated by
the RF ficid to make transition
to the high energy state. This
mecant that the intensity ol
scallcred light indicated how
many lons were still in the low
energy state, having [ailed to
make the transition.

Wineland and his colleagucs
applied trains of pulses, with
cach train lasting 256
milliseconds. Within ecach
train, the pulses were cqually
spaced. The most pulscs they
uscd was 64. At the end of

cach {intermnal of 256
milliscconds. mcasurcd
the scattered light intensity

and hence the probabtlity of
finding the tons in the high
energy slate.

Wineland and his
found that the probability of
finding tons in the high encrgy

staie was | when they applicd

no measurcment pulse during
the interval. But the probability
decreased rapidly as they
increased the number of
measurcment pulses. This
agreed well with theory. When
the rescarchers applied 64
mcasurecment pulses. they
found that almost no lons went
from the low encrgy to the
high energy state. The
transition was almost

complctely uurpruwrl.

In view of these results,
there is an obvious qucstion :
will it be w make our
radioactive wasle salc by
monitoring each and every

atom? The AnsSwer.
. soems 1o be, o,

it will be a long time before
somcone invenis an
instrument which can monitor
radiocactive decays on
timescales shorter than the
exceedingly short Zeno time.

Wineland and his s
will be publishing the results
of their expertment In the
Jjournal Physical Review A

— Piyush Ofha
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A Bumper Crop
of Biotech

tolerance to weed killers. Morc ambi-
tious projects are envisioned. among
them adding protein to staples like
corn and changing the type of oil
produced by soybeans. Pigs that grow
faster and leaner and cows that manu-
facture medicine in their mild are
other goals. Observes Amold Foudin.
a bi specialist at the
USDA: “Ideas that a short whilc ago
might have been dismisscd as hareb-
rained Buck are now being
taken quite sen =

It was only in 1983 that scicntists
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urchins, Evertually. crops and farm
animals mayv be raised to not
just food and clothing but also a wide
array of chemcal and
human proteins like issulin. While
research on plants has taken the lead.
work with farm animals does not lag
far behind. Last year the Baylor
College of Midicine and Houstan-
based Granada Bio Sciences sus-
seeded in transplanting growth-
promoter genes into cattle embryos.
Granada now boasts four health
calves, at least onc of which appears
to be slightly larger than others the
same age.

Industry enthusiasts say bioen-

Genetic engineering
promises to transform
agirculture

animals and plants could
1ally available within

beans and cotton that grow well when
sprayed with the company’s Roundup
herbicide. Such research may be in-
tended to benefit society. but some
enviromentalists see it as a cynical

play for profits.

the most naive booster would

argue that the bioenginecring of farm
animals and plants poses no risks
With plants. for instance. there is

the posibility that new traits
could be accidentally transferred to
wild relatives of domestic specics.
Theoretically. experiments with gencs
that confer resistance to disease or
herbicides could create hardier
weeds. Food safetv is another legiti-
mate oncern. Products from geneti-
cally altered crops and livestock will
require rigorous testing to ensure that
they are harmiess.

On balance. however, bioengincer-
iltil likely to be more a benefit than
a bane. In the case of cotton. which is
heavily sprayed with chemical insecti-
cides. the addition of a bactenal gene
that poisons budworms and boll-
worms could help farmers and the
environment alike. Similarly. the dis-
covery that plants can be “vaccinated™
against discase by equipping them
with viral genes ought to reduce
reliance on chemical insecticides
Currently. farmers battle such dis-
eases by spraying the insects that
carry them. Genetic engineering
could also be used to give livestock
more resistance to bacteria.

It is to the hungry Third World that
b offers the greatest |
ashington University plant |

hope. W
pathologist Roger Beachy as working

on introducing genes for diseasc re- |

sistance into casava. a cntical food
source for much of Alfnca. Scientists

at the Intermational Potato Center in |
Peru and the International Rice Re- |

search Institute in the Philippines arc

applying the tools of genetic engineer- |
ing to improve the major crops of |
South America and Asia. Before the |

middle of the next century. experts
warn. wrold population may reach 10

billion., and agriculture had better
keep up. By time the planet’s
crop and livestock growers will prob-

ably have new environmental chal-

lenges to meet. among them a chang-
ing climate and increasingly  salty
soils. Asserts Beachy: “Some argue
that it is | ible to use biotech.
nology. To me it seems irresponsible
not 1o use it.”

— M.N.

Germany's biggest [usion energy facility has just been
operations in Garching near Munich. Researchers from throughout the European

\_Commumw will work here to advance understanding and fusion technology.

Transputer on
a Single Chip

NMOS, thc company that
developed the Lranspuler,
the sclf-contained compulcer
on a single chip of silicon, an-
nounced plans [or its next
generation of processor. These
chips will be able to process
information 10 times as fast as
currcnt transputers, and will
have to satisfy the dcmands of
the scientific applications of
the next decade. They will also
be the first major development
lo emerge since SG Thomson,
the Franco-italian microelec-
tronics group, bought Inmos in
April.

The transputer is now one
of the most widely used pro-
ccssors in the scientific com-
munity, and was the first to
offer parallel computing equiv-
alent to the power ol super-
compulcrs, at a fraction of the
cosl. The first of the new
serics of lranspuler, code-
named the H1, is a 32-bit pro-
ccssor capable of processing
more than 100 million instruc-
tions per second. This will be
ideal for numerically intensive
scientific applications, such as
simulation and modelling,
since it will be able o carry
out 20 million opcrations every
Sy pabcast placce: & wel
many significant ;K
carry on board its own large
memory, and communicate
with other chips at 10 times
the speed of loday's transpul-
ers.

The H1 will be the first
transputer to be manufactured
using a ncw processing lech-
nology which allows its com-

is o sit | microme-
mpﬂ unjl:.l':dr silicon.
inmos's current lranspulers
are manulactured using a
technology which limits this
distance to between 1-2 and |-
5 micrometres.

Accord toe Peler Cavill,

director of technology al
Inmos, the new technology
uscs [wo of mcial

over the surface of Lhe ¢ o

= 1

act as communications links
between the components that
make Lip the compuler.
Today's transpulcrs usc only
the cxtra laycr gives Inmos
more [lexbility in dcsigning
the geometry of the links be-
tween componenis, and allows
the company lo increcasc the
density of transistors on the
chip by up lo four times.
Researchers 'n the scien-
tific community will be pleased
to hear that Inmos has also de-
veloped several software pack-
ages lo casc Lhe task of pro
gramming the transpuler. The
difficulty of writing soltware 1o
run on parallcl processors has
been a long- standing bugboar
among mmers. The kal
esl software will enable pro
written in convenlonal

ing languages o run
in parallel on lranspulers

without the programmer hav
ing to rewrile them.Other new

sofltware should simplify the

task of debugging programs on
the transputer.

Inmos has also cul Lhe price
of all of its r chips, by
between 40 70 per cenl

The lack of cheap, reliable
rs has proved one of
the most important barricrs o
running many Pproccssors :n
parallel to » up compul-
ers.mather than using a singc
rocessor o oul onc op-
:'I!'-llhn afler :r-:ilﬂ l'nnqui
Pistorio, president and chicf
executive of SGS Thomson,
claims that the price cul
should help 0 overcome ul?:l
barrier, up paralic
WIM:P:!I wider audi-
ence.

Over the past few months
Inmos has strengthened iis
links with academia, and
mm-ﬂupruthh:l-
itics at both Yale Universily in
the US and the University of

Tokyo in Japan.
—AwW



