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roles ll clectric

tion of eclectric charge ;l:h':
organic polymers such as
tics, rubbers and synthetie i
bres were used as insulating
sheaths, and others like

together in a crystal latitce
like arrangement. The melal
cations arc hcld together iIn
the crystalline arrangement,
while the free clectrons move
through the interstices of the
lattice. These

Unlike nrpnh: polymers,
melallic conductors eanhol be
shapced according (o the need,
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Conductive Polymers Taking Charge

which scicntists
lo over-come by

the polymers
conducting,

entists have now
considerable
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development of con-

e

. The
gencration products were
made conductive by incorpo-
rating conductive filers and/or
additives into the desired or-

i,

ganic polymer.

The second generation
conducti polymers them-
uhnmﬂud current

without a additives. Here a
delocalt electron cloud

and/or non-bonding clectrons
conduct the clectricity, just as
the free clectrons do in the

lattice that holds mctal

aloms
The third 'n:f-thn con-

ducting lnlym are basically
insulators :::nt conductors,
which are conducting by
a process called “doping’.
Dopants are cither strong oxi-
dising or reducing agents
which creale positive or -
tive charge carriers In
polymers.

anis are of two types:
fonic dopants and neutral
dopants. Ncutral are
basically neutral melecules
which the transformed during

lontke are salt sys-

tems which dissociate inlo |

negalive and positive jons, of-
ther of which takes part in the

doping process.

Conductive are al-
ready finding a wide range of
applications | several ecoun-
tries, according o a report in
the journal "Science.”

Balicries with conduclive
polymecr clectrodes are being
sold in Japan and Europe.

Toyotla s a wind-
shicld made -'ltll heat-re-
flecting coating of nduﬂiu
FA conductive polymer tem-
pcrature sensor deve by
Allied -Signal Research and
Tech Corporation In
New Je indicates when
frozen food thawed.

The us Defence
Department is testing conduc-
tive polymer latexes as cloc-
tro tic shiclds that can
thwart spics’ ellorts Lo caves-
drop on conversations and

clectronic signals.
And scientists fct that
the day is not far oll when sur-

geons and nurses in an operat-
ing thcatre may be wearing

conductive polymer fibres in
the form ol antistatic
One of most apph-

cations forescen is the use of
conducting polymers to deliver
or rcicase controlled amounts
of drugs directly Into a pa-
tient's skin over wecks or
months. The polymers can be
designed in such a way that
they rcicase the drug jons
when an eleetric ecurrent

passes Lhrough them. The sys-

Earthquake Forecasting : Deciphering
Subterranean Forces

by G. S. Mudur

forecast such an
e, scientists would

have to identily the point

where the siress was

up, determinc the breakin
t ol crustal rocks,

To

With no direct wly of doing
this, scientists arc relying on
indirect approaches to
carthquake fore-casting. But
dc::lte scveral decades of

and a few successes on
seismic science is
. e the Sesckae
that will make an earthquake
forecast as routine as the
weather forecast.

Most scismically active
zones on ecarth lie along arcas
where different continental
plates collide with each other.
Parts of northern India fall in
an earthquake belt that cx-
tends from the Hindu Kush re-

to Himachal Pradesh and
rom the Indo-Nepal border in
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stresses gradually accu-
te at varfous points

n the crust. At
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fracture in the crust. "A major
problem with forecasting is
that we have no direct access

tnﬂieundtr'mund geological

environment,” Dr. V P
Kamble, dcpuly iru:tnr gen-
eral of the division

at the Indian Meteorological
D:Elrtntnt (IMD) in New

The approach to long-term
carthquake [orecasting uses

SAFER
PESTICIDE
SPRAYING

in a joint project with an
Australian company, re-

scarchers at the Imperial
College in London are testing a
prototype of a new manual
crop spraycr thal avoids opera-
tor contamination by possibly
toxic pesticides, reports
London Press Service.

The sprayer uses a process
called Down Fluid Injection
Im-h'hkh ﬂu‘ldll.l'th'l'
troduced and mixed with each
other at a controlléd rate at
the nozzje. As the tank
is fi with water only, it
does not become contami-
nated, enabling the k
to be used for all types -
utﬁel.ln-ddlthn.t}:u::n-
tor does not come into contact
with the pesticides when the

uctmnhin:rll to
prod e opened
ingredient to the s , and
he is not requ te handle
and mix the chemiecal concen-
tralcs.

The problem of operator
contamination is particularly
acute in develo countries,
The World Health tion
estimates that over gne million
pcople world wide are seri-
ously alfected by exposure to
pesticides with up tn two per
cent of these cases proving fa-
tal.

The environment in general
can also” gain protection with
the new system, as its constant
dilution and flow rates elimi-
nate the need for accurate
quantity mixing calculations by
the operator, mistakes in
which can result in the dump-
ing of unwanted, potentially
toxic solutions in nearby water
sources, due to mixing exces-
sive quantities.

Dr Graham Matthews of .

Imperial College's Interna-
tional Pesticide Rescarch
Centre (IPARC) says the DFI
is likely to represcnt a
stecp forward in

lication tech-

past dala to try and identily
zoncs where carthquakes are
overdue. Studies of historic
scismicily provide clues about
where carthquakes are most
likcly lo occur since
carthquakes tend to recur |
the same arca over long peri-
ods of time.
. In Lhis technique, scienlisls
'try to identify regions around
plate boundaries where
uakcs have nol occurred
for a long time. The secarch for
such “scismic gaps" si based
on the belicl that stress (s
gradually building up in the re-
gion, making it a potential
zonc for a luture carthquake.

Pasl data has hclped seis-
mologists dclincate India into
five carthquake zoncs on the
basis of their vulncrability.
Most damaging ecarthquakes
occur in zone four and zone
[ive. The ecpicentre of the
October 20, 1991 ea uake
in Uttar Pradesh f[cll in zone
five.

Scicnlists at the IMD's
scismology division arca now
preparing a database on past
carthquakcs along the Indian-
Eurasian plale interface.
"Statistical studics are also
aimed at determining return
times for cart in a vul-
ncrable zone,” said Kamble.

Among the most promising
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carricd knapsack
until now.

spraycrs

Iin the ncw equipment, a
disposable concentrate dis-
penser is mounied on Lhe
spray lance handlec. Watcer
pumped to the nozzle sur-
rounds a flexibic beg of con-
centrate in the dispenscr, and
a small pressure differcntial
maintains a stcady upwards
flow of id concentrate into
the bulk in the lance. This
system has Lhc added advan-
tage that feed rate is not de-
pendent on the level of the
fluid, as with gravity-fed sys-
tems. ‘

PAC’s involvemcnt in the
sprayer project is part of the
P me of collaboration
with the Natlural Resourccs
Institute, an agency of the
Britain's Overscas
Development Agency aimed at
developing cquipment for
smallholder farmers ol devel-
oping countrics.

CHEAPER
SOLAR
CELLS

Sflicon solar cells that are
as cfficient (about 10 per cent)
as conventional ones in con-
verting sunlight to electricity,
but are expected to sell for
around 2 dollars per waltt,

t 8-12 dollars per watt
for commercial products, are
now being made in protolype
quantities by Texas
mmntl Inc. based in

Texls, reports the jour-
nal Chemical Enpmuﬁng.jou

The developme

nt is a joint
effort »

hetm:cn Tl and

' Southern California Edison Co.

based in Rosemcad, California,

' which fs intcrested in photo-

voltaics for load leveling, says
Nick Patapoll, Jr., a senior

in Edison's rescarch
center at Irwindale, California.

Conventional solar cells are
more expensive becausc they
are made from scmiconductor-

silicon (about 8$50-
that is refined from in-

expensive metallurgical grades

-Haicheng

arcas of carthquake forecasting
rescarch s the scarch for
cursors Lhal could help seis-
mologists make uscful predic-
tions well in advance about the
time, the location and the
magnitude of the carthquake.

Precursors for earthquakes
rcould be lorecshocks, t ac-
cumulation of stress, strain
changes and thcir effects on
crustal rocks ground-water
lewels and gas emissions.

Forcshocks are clusters of
smaller carthquakes that pre-
code a larger earthquake. They
arc belicved to be causced by
the gradual bufld-up of stress
that will ultimalely be relecascd
in the form ol an carthquake of
larger magnitude.

The first forceast that led to
live-saving action was madc by
Chincse scientists when they
successfully predicted the
February 4 1975 earthquake in
in northeastern
China. The success of Lhe
Chinese was based on the usc
of long-term, medium-tern
and short-term precursors.

Crustal movements wcre
detected in 1974 and a few
months before the earthquake,
water levels in wells n lo
change. The imminent forecast
however was based on the
recognition of a swarm of
smaller earthquakes as a se-

tem, ncediess to say, requires
two clecirodes 16 pass (he
electric current and drive the

drug through the skin into the
blood.
What scientists at Lhe

Universily of Minncsota in
Hlnran envisage is a sys-
tem having a drug-loaded

polymer which scrves as one of
the clectrodes of the baltery.
Turning of the cunient be-
tween the electrodes would
both rclease the drug when
ne¢ded and drive it through
the skin into the blood stream.

® A icss exotic, but far larger

application, according o
"Science™ is the use of con-
ductive rs as antistatic
ts and in electromagnetic

the macket for which

h u:pu:tud to grow by over 26
per cent in the next :
Antistatic clothing is

needed by operating personnel
to climinate static discharges
that can conluse scnsitive
clectirical monitors or even
stun the heart during open
hcart surgery.

Such clothing also reducces
the number of computer chips

and circuit boards ruined by
sitatic discharge in the com-
putcr industry.

Some firms in the US have
alrcady developed methods o
impregnate nylons and
polycsiers with a nunﬁﬂ of
stable conductive
while others have made Hﬂﬂ'ﬂ
ol only conductive polymers
which ean be woven in to lab-
rics or blended with more
conventional fibres.

Another novel application of
these conductive polymers s
In aircrafl to protect against

nl'"‘ bolts that reclease
I-r amounts of ecleetric
ch-rgc When | g strikes
a metal aircrafl, the charge
distribyles fitsell over the en-
tirc metal surface from which
it gradually leaks into the at-
mosphere. Unless they are
rolected in some way, the
ightning can burn right
through an aircraft’'s skin.
Some airplanes now are being
made ol non-metallic compos-
fte malerials that cannot dissi-
palc the electrical charge of a
lightning bolt.
Other intriguing possibili-

walls or buildings with a con-
ductive latex paint to kecp

could either keep HI‘.' h:-i. out
or lct it in, "Science”
Allied-Signal has l:lewh-pﬂl
some polymers, which are
bluish in their original non-
conductive stale and turn

transparent in the conductive

state Lo absorb infra-red radia-

countrics where they can con-
siderably reduce the air-con-
ditioning bills by kecping out
the heat.

In cold climates, the male-
rial could serve two purposes
through a buiilt-in. light-con-
trolled clectrical ecireuit
which changes the polymer
from a non-conductive to a
conductive stale and vice
VETSa. -'

quence ol foreshocks.

The bending ol the crust as
gigantic stresses gradually
build up deep underground
can be monitored by strain-
mcters which can detect uplifl
or subsidence of arcas of hun-
dreds of square kilometres by
only a few centimetres.

Such changes in the strain
will be reflected in the form of
changes in the clectrical con-
ductivity of the rocks and soil
before the earthquake.

Radon is a radioaclive gas
that constantly seeps outl of
underground rocks. Studies by
Japancse scientists suggest
that mecasurement of radon
concentrations in groundwalcr
in carclully chosen wells could
help determine the chances ol
carthquakes.

Some scientists belicve an-
imal behaviour might be an in-
triguing precursor. This fol-
lows scveral reports about ab-
normal behaviour of animals
just before ecarthquakes. Dogs
are said to bark and howl and
snakes come out ol their bur-
rows.

Abnormal animal bchaviour
was also reported just belore
the Haicheng carthquake.
Researchers belicve the high
sensitivity of some animals to
ultrasonic noise and vibrations
that precede an carthquake
might be responsible for the

r bchaviour.
oining the Indian

Mctcorelogical Department
and the Geological Survey of
India, the past three decades
hawvc scen other Indian labora-
torics initiating work on
ecarthquake forecasting.
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Helicopters with Nozzles
in the Rotor Blades

ORE than 50 ycars

have passced since the

test | pilot Hanna
Reitsch hovered in the air in
the Sportpalast in Derlin with
one ol the first hclicoplers.
Despite all assets, they still
retain the disadvantages that
they are noisy and require
large amounts of encrgy lor
relatively low payloads and,
due to tLheir complicated
engineering, also involve high
maintenance costs. lowever,
this could take a turn for the
better thanks to a new heli-
copter development, lor which
the entreprencur Alex Faller
was awarded a 1991 Philip
Morris Rescarch Prize.

Since the birth ol heli-
copter technology, the propul-
sion concept has basically re-
mained the same : via trans-

. mission an engine drives Lhe

rotor, which provides lilt and
propulsion. A tail propeller
must compensate for the
torque of this drive system be-
causc otherwise the helicopter
would rotate constantly around
its vertical axis in the opposite
direction to the rotor. Faller,
the hcad of the machine lool
company Faller Maschinenbau
in Ergoldsbach near Landshut
in Bavaria, who over the years
has dcveloped almost twenty
remote controlled model heli-

co-piérn as a hobby, picked up
on the “reaclion propulsion”
principle for his new concept
and adapted it for use in h:ﬂ-

copters.

The innovation here is that
there is a in the rotor
head, which drives an
“impeller”. This sucks the air
from above and compresses i
aller it has been usced "as a side
benelit® to cool the enginc.
Afltcrwards the compressed air
and the exhaust fumes are
blown through the hollow ro-
tor blades, from whose ends it
then escapes towards the rcar.
The recoll eflfect drives the ro-
tor blades forward: a simple
shicld ensures that the rcar-
mos! blade is not supplicd

with compressed air.

Such a heclicopter does not
need a transmission, clutch,
cocling fan or tail rotor: The
low torque of the impeller can
be compensated for by a verti-
cal rudder. Although this alone
results in huge wcight de-
crease, the suction of the im-
peller reduces it further by
approximately five per cenl.
This means thal grecater pay-
loads can be transporied and
the fucl consumption de-

crcascs by approximalely 40

per cent.

designed rotor blade tips,
which lower the “slapping”
noisc made by the rotor
Furthermore, due to the rela-
tively low rotor speeds, the
tips of the rotor blades do not
rolate in the supersonic re-
gon, thus avoiding the
“booming " noise made by -
coplcrs.

Since only the engine
and rotor bearings require
maintained, the costs are re-
duced accordingly. In Faller's
opinion, the ncw aircrafl, at a
cost of approximately 100,000
DM in series I"ll‘tltliﬂrl

Although his invention only
exists in model form, the jury
of the Philip-Morris Stiftung
(Philip Morris Foundation) in
Munich, who in 1991 awarded
this prize for remarkable
achicvements in the field of
high technology for the ninth
time, are convinced that the
"Fallecr helicopter” will pave its
own way. — M.S.

($1-3/kg). The purification in-
volves reacting metallurgical
silicon with rogen chloride
to form trich ilane, which
is then reduced Lo high purity

polycrystalline silicon: finally,
an ingot is pulled from a
molten bath uf this material
and sliced into 4-in-dia walers.

In contrast, the ncw cells
are made from mctallurgical-

gradce matcrial itsell, by partial
melting at a carefully con-

trolled tcmperature on a pla-
nar surface, [orming silicon
spheres of roughly 30-mil dia.
The melting is done on a [lat
surface rather than in a cru-
cible to keep the spheres from
agglomerating. Next, the
spheres are embedded in a
thin aluminum foil as 4-in-
square cclls, each containing
some 17,000 spheres.

CHEMICAL SWEETENS
SOUR NATURAL GAS

An Amcrican company,
Quaker Chemical Corp. has de-
vcloped an environmentally
safc alkanolamine for re
hydrogen sulfides and organic
sullidcs [rom sour natural gas,
reports the jourpal Chemical
Engincering.

The resulting gas product
will mect pipeline specifica-
lions of less than 4 ppm hy-
firogen sulfide says Edward
Dillon, a Quaker researcher.

Normally, alkanolamines are
not sclective for hydrogen sul-
fide, absorbing carbon dioxide
as wch, according to Dillon.
But Sulfa-Scrub — as the hex-
ahydro triazine is tradenamed
— intstantancously reacts with
carbon dioxide, but does not
reacl al all with hydrogen sul-
fide.

One mole of trianzine can
rcact with four moles of hy-
drogen sulfide Consumption of
Sulfa-Scrub is less than 0.1

mPpm sulfide mil-

sid. cubic of gas.
Dillon says a advan

of Sulfa-Scrub is h-uuﬁ

the reaction product is a |
uid, no hard-to-dissolve sol
arc formed, as is the case with
other solvents, In addition, the
reaclion product is said to be
an exccllent water-soluble cor-
rosfon inhibitor.

OME Diwali and the

neighbourhood is full of

noisc made by crackcrs

and light displays [rom

dazzling fircwork shops which

produce a fountain of while

sparks. Rockctls go up in the

t;rpmducing trails of ycllow-

orange, blue-green, red, white
and gold sparks.

Pyrolechnics has an obscure
history. IL is the science of fire
and embraces not only fire-
works used in dazzling displays
at Diwali and other festivals but
also a whole range of dcvices
that use similar malcrials in-
cluding hazard Marcs, salcty
matches and cven the solid
[uel rocket boosters of the
space shuttle.

One of the oldest pyrotech-
nic compositions is
powder’ or ‘gunpowder’ which
scrves both as a propellent and
explosive charge in modcern
fire-works. Black powder s
belicved Lo have originated ci-
ther in China or India.

It is said that the Chincse
developed black-powder more
than 1,000 ycars ago for.usc in
crude rockets and firc crack-
ers. The knowledge of black
powder (a mixturc of polas-
sium chlorate — salt pclre,
charcoal powdcer and sulphur)
travelled west during the mid-
dle ages. The English monk
Roger Bacon published his
formula for this ecxplosive
mixture in 1242 as a part of

his defence against accusalions
of witchcrall.

But according Lo somce his-
torians black powder was in-
vented in India long before the
Chinese invented it indepen-
dently. Dr Gustav Oppert,
sometime Curator of the
Government Oriental
Manuscripts Library al Madras
wrote in late 19th century that
no Chinese work on blackpow-
der compares in antiquity with
Sukramti whlch prescribes

guns and tile weapons as
the sta wecapons for a
king's war chariol.

Sukramti is a work consid-
ered contemporary Lo
Manusmriti assigned by many
scholars to the second century

BC Dr Oppert cites the cven
more IlI"IL nt Nitishaslra as
describing lmk: balls con-

taining blackpowder among
weapons to be hurled inst
the cnemy. Nitishastra was
wrillen by Vaishmpayana who
is also crcdited with the au-
thorship of Yajurveda belicved
to have been composed be-

‘black |

Pyrotechnics — The Science of
Crackers and Fireworks

by G V Joshi

tween 1000 BC and BOO BC.
The German schelar Dr Oppert
[inds a stanza in Atharvana
Rahasysa as a clear proofl that
Indians wcre familiar wilh
‘agnichurna’, combination of
charcoal sulphur and other
malerial providing the fire
POWCT.
According to Dr Johann
Beckmann, another German
scholar, black powder in-
vented in India was brought Lo
Europe from Africa by a
Saracen (nomadic Syrian
Arabs) and thal Europcans im-

proved ils preparation and

found diffcrent ways of using it
in small arms and canons. '

Whoever invented  it,
Chincese or Indians, it certainly

was nol called gun powder for
guns were invented in Lhe
14th century and.were not
known in India or China until
the Portugucse came in Lhe
early 16th century.

A French chemist Jean
Appicr suggesled (in 1630) an
addition of copper sulphalc to
the basic mixtlure to produce a
green flame, but the brilliant
colour cflcels ecommon loday
were not developed unti]l the
19th century. Claude-lortuce
Ruggicri in 1901 was the [irst
to describe the use ol metal
compounds [or colour cflects.

The spectacular splashes of
light produced by fircworks is

the most famous pyrotechnic
phecnomenon. White light
larcs contain a metal such as
magnesium as a fucl. A mixture
ol polassium perchlorate and
fine aluminfum or magncsium
powder produccs a powcerlul
cxplosion along with a burst of
while light. Charcoal and iron
particlcs produce dimmer gold
coloured sparks. A few metallic
compounds arc responsible for
nearly all the colours in fire-
works. Compounds of stron-
tium produce ihe reds, barium
creates greens. The best blue

emitter is copper chloride,
whilc purple and violet colours

~~are cmitled by a mixture of

strontium chloride and copper
chloride.

-

On board a DC8 specially equipped by NASA as a flying laborutory, a scientist monitors levels

of ozone over the Antarctic

‘an emergency

A common form of crackers
is a sparkler held in hand and
sltarted by heating in a flame.
They derive their colour from
the combination of strontium
carbonatc which emits red
light, and aluminium granules
which provide the sparks.
These ingredients are mixed
with [uel, binders and an oxi-
diser to create a slurry and al-
lowed to harder on a piece nrd
wire lo create sparklers.

Most of the crackers and
lirceworks used in India u
1940s were imported from
China. But now they are made
in India. Sivkasi, a town in
Tamil Nadu, known for calen-
ders and matchboxes, is one of
the lcading manufacturing
centres,

Onc of the simplest py-
rotechnic products in daily use
is a maltch. A reaction between
potassium chlorate (oxidiser)
in thec match stick and red
phosphorous in the striker
surface produces a flame that
ignites the mixture ol potas-
sium chlorate and a blueclike

_ fuel in the match head. All the

pyrotechnic efllects — heat,

- smoke, light, gas and sound —

are present though

in a mild
and salfe form. .

Pyrotechnics has many
other applications. Calefum
silicide luel mixed with ifron
oxide generales a moderate
amount of heat but ne 1
During World War I, small py
rotechnic devices mnluinin“
this composition a and [use
were built into ean of rations
so that they could be warmed
fn the absence of a stove,
Canned noodles which warm
up using similar devices are
common in Japan, where
noodles are very popular.

Flares used by a ship o
indicate its position in case of
are another
form of pyrotechnic product.



