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EDI TORIAL
SCIENCE AND FRONTIERS OF REASON

When the country isawakein paying tribute to
the legacy of Sir C. V. Raman for his nobd prize
winning discovery of Raman effect on 28th February
1928 and Celebrating National Science Day on 28th
February every year since 1987, for reminding its
younger generation to draw inspiration from this
spectacular scientific achievement; it isan appropriate
occasionto reflect upon Science; itsscopeanditslimits.
This is because; vast majority of people do not
understand scientific principles, even though science
hasinvaded our lives, our languageand our religionin
a magjor way. Science remains a sort of magic or
miraclefor many, sinceit impingeson our lives, not at
theintdlectual levd but practically through the many
marvds of technology only.

Science represents one of the great systems of
human thought; which is based on human reasoning.
Careful experimentations, systematic observations,
thorough analys's, leading to formul ations of theoretica
models to connect observations and experiences
centering on certain ideas or events pertaining to the
physical world; constitute the hallmarks of scientific
methodology. By this process; possible regularities,
subtle order or hidden patterns in the observed set of
data are sought, which hopefully reveal the

fundamental laws according to which matter and
forces in nature behave.

L anguageof mathematics and logic providethe
pathway not only to enforce human reason and
rationality insuch scientific enquiry; but alsoto provide
guantitative exactitude and reliability to the arrived
inferences. Any scientific theory, modd or inference;
however successful it may be in certain domain of
observation and experiences; if found unsuitable and
inadequate in the face of new evidences or in an
extended domain of investigation; it becomesimperative
on the part of scientific culture to rectify this
inadequacy by improving or generalizingthetheoretical
formulation. Similarly any idea pertaining to physical
worldimagined or borrowed fromany other traditional
systems of thought is unbiasedly pursued and examined
but never suo-moto rejected outright in science, until
unlessitsfalsity isesablished by rigorous mathematical
logic. Therefore a true scientific culture calls for not
only the spirit of enquiry with childlike curiosity, but
aso an open mindedness with strict honesty and
integrity in character; an attitude of preparedness to

adopt self-corrective measures for continuous
upgradation of ideas and explanations. In this process
science has developed its capability of creating an
exact and reliable knowl edgebasethat has empowered
the human society to gain control over many physical
systems in our environment.

Scientific quest isa continuous journey into the
unknown; an eve unfinished intellectual enterprise
which, at each step of its advance; brings new and
unexpected discoveries to chalenge the mind and
intellect with very difficult and unusual concepts.
However underlying all these challenges runs the
familiar thread of rationality and order which science
so far has been successful to exploit. Science, at its
formativestagesupto 19th century, was mostly guided
by rigid classical logic based on common-sense. This
socalled classical science, with a mechanical world-
view, helped us to make sense of the world in an
objective and methodical manner. It generated the
technad ogy that brought industrial revolution. Twentieth
century found new evidences in atomic realms
contradicting our common-senselogicinamajor way.
In the face of this challenge science grew up to be
young and spirited by crossing the rigid boundary of
classical log c and by broadening thehorizon of human
reason with subtle intuitive thinking to accommodate
these new phenomena in atomic realms. This gave
rise to the so called modern science centering around
'Quantum Theory' and'Relativity' that usheredinmany
marvds of modern high technology.

In course of its advancements with dazzling
success, science has also realized through
(i) Heisenbeg's uncertainty, (ii) Einstein's Relativity
and (iii) Kurd Godd's undecidability; somefundamenta
limits, which may forbid it to arrive at all the truths
that existinnature. Thereforeintheprocess of pursuing
science it is very likely that uncertainty and mystery
would beencourtered. Inall probability at somestage,
reasoning may fail; which may require other routesto
knowl edge, such as mysticismor revd ation. Thiswould
bypass or transcend human reason. But till then human
reasoning should be pursued through science as far as
possible in exploring the frontiers of reason and
rationality. Science should continue its march on its
way to maturity to attain not only enough knowledge
but alsowisdom, if possible.

Prof. Niranjan Barik
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THE MYSTERY OF BLUE SEA AND THE RAMAN EFFECT

The Blue Mystery

It wasearly Sept.,1921.TheBritish ship
named S.S. Narkundawas sailing through the
Mediterranean Sea towards Bombay (Now
Mumbai) harbour. Onboard ayoung prof essor
of Calcutta University, sitting calm and quiet,
was curiously looking at the deep blue water
of the sea. He was very much excited by the
optical illuson of the blue sea. Severd
questions were perplexing in his mind. Why
doesthe seal ook blue?Water doesn't have any
colour but the seawith huge quantity of water
appearsblue. Isit because of the reflection of
thebluesky as Professor Rayleigh, explaned?
or | sthereany interaction betweensunlight and
thewater mol ecul es? Could something el sebe
the reason? The other day, weather changed.
The sky got cloudy but the colour of the sea
didn't change. It still remained blue. He
confronted Professor Rayeigh'sexl anati on that
says. thedark blue of degp seahasnothingto do
with the colour of the water but simply the
reflection of thebluesky.No, somethingelseis

S.S.Narkundasailingin Mediterranean Sea).
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happening here. He guessed, the colour of the
seacould have someand ogy withtheRayleigh
scattering which explained why the sky isblue

According to Rayleigh, the sky is blue
because of elastic scatteringof sunlight by the
molecules present in air, wherein scattered
light intensity isinversely proportional to the
fourth power of thewavel ength of theincident
light. Theblue colour havinglower wavel ength
scatteredin all directionswithgreater intensity
as compared to other colours (green, yellow,
red, etc) making the sky blue. Inspired with
Rayleigh scattering concept, he went to the
deck of the ship, took out asmall Nicol prism
and a pocket telescope he had with him. With
these optical gadgets, he conducted a series of
experiments to explore the blue mystery of
the Mediterranean sea during his fifteen-day
long sea voyage and convinced himself in no
time that the blue colour of the sea was
independent of reflection of the blue sky as
originally thought by Professor Rayleigh. He
discovered that water molecules could also
scatter the sunlight just likeair molecules. He
noted down all the observations made out of
his experimentsand soon after the ship docked
in Mumbai port on Sept. 26, 1921, he
telegrammed aletter to the editor of thejournal
"Nature" entitled "The colour of the sea’
explaining the light scattering of the water
molecules could be the probable reason for
the blue colour of the sea rather than the




refection of the blue sky aspreviously thought
by Rayleigh. The young professor was none
other than the brilliant Indian physicist
Chandrasekhar Verkata Raman popul arly known
asSir C.V.Raman.

The Raman Effect

The simple observations during the
mai den seavoyage inspired the young Raman
to pursue more detailed studies on light
scattering. On returning to Indian Association
for Cultivation of Science (IACC), Calcultta,
Raman started seriousresearch on thissubject.
He passed the light beam in a number of
liquids and studied its effects. In 1922, he
wroteabrilliant essay entitled " TheMolecul ar
Diffraction of Light". It was during 1923,
Professor Compton discovered that when
X-ray was passed through graphite, a small
fraction of emergent beam had wavelengths
different fromtheincident oneduetoinelastic
scattering of X-rays by the electrons. This
discovery known as Compton Effect earned
Nobel Prize in physicsin 1927.This was the
turningpoint for Professor Raman. Heintuited,
if Compton inelastic scattering was true, then
it could betruefor light beam aswell. Taking
inspiration from Compton Effect, Raman
started research to find out similar effect of
light beamsasthat of X-rays. After aseriesof
experimentations and detailed deliberations,
on Feb.28, 1928, he and his colleague,
K.SKrishnan, established that when a
monochromatic light (single colour, say
wavelength ; ) passed throughaliquid, asmall
fraction (1x107) of scettered light had different
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colours (i.e. A2 ,) than the incident light. It
wasshiftedtobath higher andlower wavelengths.
The higher wavelength line (1 +2 ,) is called
Raman-Sokeslineand thelower one (s, - 1)
iscdled Raman anti-Sokesline. Thisdiscovery,
widely known as Raman Effect, had a great
impact onthe scientist fraternity and created a
sensation around the world. Many scientists
worldover induding themast famousscientists
like Neils Bohr, Louis de Broglie, and Lord
Rutherford sensed the importance of Raman
Effect and recommended it for prestigious
Nobel Prize. In 1930, C.V.Raman becamethe
first person fromAsiato be awarded the Nobel
Prizeinphydcs.In 1954, Gowt. of I ndiabestowed
on him, Bharat Ratna, the highest honour of
theland. In 1986, it was decided by the Govt.
of Indiathat Feb. 28, theday onwhich Raman
discoveredthiseffect, becd ebrated as” Nationd
ScienceDay" all overthecountry to commermorate
the discovery of Raman Effect, one of the
greatest discoveries of nineteenth century.

The Applications of Raman Effect

Soon after the discovery, Raman Effect
had a catalytic effect in research worldwide.
During the period between 1930 to 1942,
approximately 2500 chemical compounds
werestudied and around 1800 research papers
were published on various aspects of Raman
Effect. It became a technique of choice for
studying the structure and composition of
materials. However, after World War-Il, it lost
its flavour mainly due to its weak excitation
light sourcewhich givesfeebleRamansignds
and replaced by simple complementary
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Infrared (IR) technique. Coincidentally, in 1942,
theBritishship S.S Narkunda, which ledtothe
discovery of Raman Effect, was sunk by
German'sbombers. Raman techni quegot back
itswings only after the discovery of LASER
(Light Amplification by Simulated Emission
of Radiation) in 1960. Subsequently, many
advanced versionsof Raman Spectroscopy like
Resonance Raman Spectroscopy (Raman peak
intensity 106X), Surface Enhanced Raman
Spectroscopy (Raman peak intensity 10%-
10%°X), Tip-Enhanced Raman Spectroscopy,
Spatially-offset Raman Spectroscopy (SORS),
etc. were devel oped. Surface Enhanced Raman
Spectroscopy (SERS) wasdevelopedin 1974
by Fleischmann, Hendra, and M cquillan of the
University of Southampton (UK). Thereafter,
Raman technique became a powerful and
indispengbleandyticd toal for many scientific
researches. It has been successfully used in
many areas of science like biology, medicine,
pharmaceuticals, cosmetics, polymers,

explosives, forensic, mining, mineralogy, and
many more. Off late, Ramanimag ngisevolving
asapotentially more safer and sensitive cancer
diagnostic tool withextraordinary precision to
detect even a microscopic cancer tumors.
Recently, scientists have developed a device
called Raman Scanner. It can be pointed at a
substanceto tell what it is. Police have started
using this scanner to find out if people are
carrying any banned substances.

Conclusion

To achieve the highest international
honour for thework entirely carried outin India
was indeed incredible. Raman was a genius, a
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determined, and single-minded scienti st who
never deviated from hisgoal inany adversity.
He had the courage and conviction to sail
through the stormy weather. Raman'slife and
work is an excellent example of passion,
determination, devotion, and audacity to
pursuit science. It has been inspiring and will
continue to inspire the young scientists
worldwide throughout the age. A tree was
planted in the lawn of Raman Research
Indgitutein memory of Sir C.V. Raman (known
as Raman tree) and coincidentally, it blooms
in the month of February as India celebrates
the "National Science Day" to pay tribute to
this great legendary scientist.

Fig.2: Ramantreein bloom at Raman Resear ch
Ingitute, Bangalore
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HOW SAFE ISNUCLEARPOWER

India hastargeted production of 700000
Megawattsof electric power by 2030. Out of
this 592000 M.W will be thermal power and
84000 M.W. Hydro power. After the Nuclear
agreement with U.SA., India expects to
produce 63000 M.W. of Nuclear power inthe
next 20 years.

At present there are 432 Nuclear power
plants in 29 countries, America has 104,
Canada 18, Mexico 2, France 58, Britain
19,Germany 17, Sweden 10, Russia 32,
Spain 8, Romanial, Ukrainel5, Pakistan 3,
Japan 54, South Korea20,and India20. By
2030 the target  is another 90 plants.

Indiaproposesto have 40 Nudear plants
by 2030. 17 prgects are working. (15 with
indigenous techndogy and two with Russian
asd stance) 16 new projectsunder 12th fiveyear
plan will be constructed at a cost of Rs23000/-
crores. Out of this 8 will be 700 M.W. Heavy
water plantsand anaother 8 Light water plants.

Asper clause 123 of Indo-US agreement
India will import Light water reactors from
USA. AsaresulttheNuclear plants lyingidle
iInUSAwill findtheir way to India. Asper the
agreement I ndia hasto purchase Uraniumal so
from USA. But there is no guarantee for
continuousfuel supply. Thereisno permission
for disposal of by-product Plutonium. India
has no power to withdraw from the agreement
and in case of accident there is no assurance
of full compensation.

India has devel oped its own technol ogy
forinstalation of 270 M.W. and 500 M.W.

Dr. Brundaban Chandra Padhi

Nudear plantsand management of emergency
measures in these small project is easier.

Nuclear power is certainly a viably
unlimited and alternative source of energy;
which was believed to be safe till the 1st
accident occurred at Chernobyl in Russiaon
2nd July 1984. All the four reactors of the
plant exploded and radiation spread over 30
kms area, 32 died and more than 200 fell
sick. After Chernobyl; there were ten more
nuclear accidents with loss of life and
property. But no serious attention was paid
till the Fukusimaaccident on 11th March
2011, when a8.9intensity earth quakehitthe
Japan coast and subsequent Tsunami destroying
Sendai city inhabitated by 10 lakh people.
33 ft high waves swept over Sendai city and
destroyed Fukusima Daichii nuclear plant.
15846 died, 10000 went missing and more
than 5 lakhs rendered homeless. Many Ships
and four trains disappeared and 21 kmsof the
seashoredestroyed. Theintensity of the quake
was equivalent to 8000 Hiroshima Bombs.
The ground developed 448 Kms long crack
and Japan island was pushed 8ft to the east.
Even with four stage control measures; the
plantwas totally destroyed spreadingradiation
over 60 kms area. Thetotal lossisestimated
at 15900 crore dollars. Reconstruction may
take more than 40 years.

After the Fukushima Daichii accident
most nations changed their nuclear policy.
Japan decided to closeall the Nuclear power
plants by 2030, Germany by 2020 and
Switzerland by 2034. Francewho gets70% of
power from its nuclear power plants decided
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to reduce it to 50%. USA decided to reduce
dependence on nuclear power from 65% to
4%. The USA has not constructed any new
plantsafter threemileisland accidentin 1979.

When most of the nations are closing
down their nuclear plants; India, China and
Pakisthan are contemplating setting up new
Nuclear power plants, Chinais constructing
43 newnuclear power plantsin16 provinces.
Pakisthan has established two reactors  with
Chinese asg stance. Survey hasbeen completed
for constructing six more reactors and has
earmarked 350billiondollars. Indiaisgoingto
setup 16 reactors eight heavy water and eight
light water reactors. On completion, nudear
power production will go upto 10080 M.Ws

With assistance of Rosotam of Russia,
Indiaisbuilding fivereactors at Kudankulum
inTamil Naduto produce 4000 M.W of powver.
The project was expected to becompleted by
2008, then it was extended upto 2010 and
lastly by April 2013 butit wasstill incomplete
It has beenlearnt that thevalves supplied by
Geo Podolask of Russia were found to be
defective due to nepotism by the Chief of
Geo. Due tofitting of defectiveValves, plants
constructedin India, China, Bulgariaand Iran
arestill non-functional. The Kudankulam plant
isalso not Tsunami proof. Expertsopined that
international Atomic Energy experts should
examine the details of construction work
before the plant is made functional.

The nuclear power plant constructed at
Jaitgpur in Maharastraby French firmAriva
consists of 6 units of 1650 M.W. each. The
power plant complex will be setup at a cost of
two lakh crore and will destroy vad tracts of
fertile land. The famous Alphanso Mango
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orchards will be totdly destroyed. The hot
water generated will heat the river and lake
waer destroyingaquetic liferesultingin climate
change and more heat. Bio-diversity of the
Konkan Bay will be destroyed. Besides
Arivass Evolutionary Pressurised reactors
are new technology never tried elsewhere
making it a highly risky proposition. This
area has power plants producing more than
15680 M.W. In addition there are three
Bauixite mining plantsin operation. According
to Dr. E. L. Prasanna, former power
Secretary, Jaitapur is situated in the west-
east fault lineand prone to earth quakes.

Famous Nuclear Scientist V.K. Krishna
lyar has cautioned our Prime Minister about
the disastrous consequences of nuclear
agreement with U.SA. Dr lyer went to
Moscow to discuss about establishment of
nuclear reactors, he vehemently opposed
purchase of reactors and even asked to supply
large graveyards along with nuclear plants.
The Supreme Court of Indiahas warned Govt.
that if thereisany lapsein safety of nuclear
plants they will order their closure. Dr. A.S.
Prasad past Director of Bhavanuclear project
haswarned that by the 123 agreement America
is contemplating to stop our dependence on
our own resources and self-sufficiency.
According to Dr. P. K. Aiyangar, Chief of
nuclear energy commission of India, our
leaders are giving Importance to import of
Uraniumfuel instead of establishingour own
nuclear plantsand utilising our own resources.
Accordingtoformer Director of Nudear Power
corporationof IndiaDr. A. Gopalkrishnalndia
hascommitted agreat blunder and consequences
may bevery grave. Gopal Krishnan haswritten
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severa letterstoour Prime Minister about the
grave consequences of the nuclear agreement.

Our Prime Minister on hisrecent visit
to U.SA. in Sept. 2013 has finalised new
agreement for setting up nuclear plants at
Kovadain AndhraPraesh and Mitthi Viridi in
Gujrat without calling for tender with General
Electric and Westing House. GE9 Economic
Simplified Boiling water reactor and Westing
House's AP1000 Presurrised light water
reactors are also new technology and never
tested anywhere. It seemsindiahasbecomea
testing ground for new and dangerous
technology by the West.

Nuclear power plantsneed vast tracts of
land about 30000 acresper 1000M.Ws. As
such more than 221akh acres of fertile land
will gowastefor production of 63800 M.Ws
of nuclear energy even though the production
cost isvery high. In case of Heavy water
plantsitisabout 12to 13 croresper MW (per
Watt 60 to 80 rupees). In case of Light water
reactors the cost will be Rs.50 per watt of
power produced. Thecost of producing 63860
M.W. nuclear power will be about Rs.819000
crores. Further the life span of a Nuclear
power plant is about 60 years. In USA,
license is given for 40 years and after full
assessment licenseisrenewed for another 20
years. So for production of 63000 MWs of
nuclear power in60 years Indiahasto spend
acolossal sum of Rs.819000 crores. Thusthe
nuclear power plantsare very costly needing
vast tracts of fertile land and thereby
destroying agriculture. In case of acddent,
radiationwill spread to hundredsof kms lasting
more than half a century and affecting our
futuregeneration also.
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Indiahas more land than necessary to
meet the energy needs of the country as per
Austrdian scientists For Solar projects land
requirement, much lessthan thermal, hydro-
electric and nuclear projects. For every river
valley project; 31340 persons are displaced
and 8748 Hectresof land getssubmerged. For
every MW of thermal power, theland regui rement
iIs4to5 acresand for nuclear projects 35
acresper MW. Similarly land is needed for
coa mines, dumpingyards, Ash ponds, waste
water ponds, housing projects, market
complex etc. But for Photo Voltic projects
much less land is needed. For conventiona
Solar projects 500 sqftof landisneededfor
every 2 KW of power produced. But in case
of Solar treesfor every 2 KWSs, only 5sq ft
of landisneeded. Further the vacant land in
between can be utilised for grazing and
vegetablescultivation. Asper solar scientist
Atul Chaksi if solar pannels are installed on
425 million house tops, the energy produced
will be equivalent to 1900 MWs Asper Hira
Mitavachan and Jayaram Srinivas of Indian
Institute of Sdence, Bangdore, 4.1% of our
uncultivated land canbeutilisedfor production
of 3400 MW of solar power by 2070. But
instd lation of Roof topsolar prgect,and Solar
tree can reduce our land requirement to 3.1%.

Itishightimeour |eedersand administraiors
realize the grave consequences of American
diplomacy in subverting India's Independent
nuclear power programme and making us
totally dependant on USA. We should oppose
the heinous conspiracy of the United States

and strive for nuclear free world.

Retd. Chief District Veterinary Officer,
Baikuntanagar, 3rd Line, Brahmapur-760001, Mob.-9668083123
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SOLAR PHOTOVOLTAIC PUMPS

Solar energy, with its virtually infinite
potential and free availability, represents a
non-polluting and inexhaustibleenergy source
which can be harnessed to meet the energy
needs of mankind in a major way. The high
cost and reduced availability of fossil fuels
and the public concern about the safety of
nuclear reactors as a potential power source
haveledto asurgeof interestinthe utilization
of solar energy. The sun gives an average
energy input of 6kW-h/day for each square
meter of the surface of the earth it shines
upon. It depends upon solar intensity,
spectrum, incident angle and cloudiness asa
function of time. Water pumping by solar
power isa concept which haswon widespread
interest sincetheearly seventies. Solar energy
can be utilized to operate pumps, utilizing
either the thermal or light part of the solar
radiation. The operation of solar powered
pumps is more economical and has less
environmental impact than pumps powered
by an internal combustion engine and
electricity. Solar pumps are useful where
grid electricity isunavailablein remote areas.
Solar pump system is comparatively cost
effective because of the free availability of
solar energy.

Photovoltaic Power Generation

Photovoltaic cells frequently referred
to as solar cells, convert the light part of the
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solar spectrum (sunlight) into electricity. They
arethe most rapidly expanding energy sources
in the world. Cost reduction has been the
main concern in solar cell manufacturing in
recent years. Large scale manufacturer of
photovoltaic are expected to make
photovoltaic cells within the affordability
limits of the rural people, where e ectricity
Is not availabl e in the remote aress.

Solar Cells

The solar cells are made of various
material sand with different structuresin order
to reduce the cost and achieve maximum
efficiency. There are various types of solar
cell materials like the single crystal, poly
crystallineand amorphoussilicon, compound
thin film material, and other semi conductor
absorbing layer which give highly efficient
cells for specialized application. The solar
cell operates on the principle of the
photovoltaic effect by the creation of charge
carrier within amaterial by the absorption of
energy from theincident solar radiation. The
solar cell ismadeof two thin layers of asemi-
conductor material appropriately doped with
impurity atoms so as to give one layer a
negative electrical bias (n-bias) and the other
apositive bias(p-bias). Sunlight fallingon the
cell reaches the junction between the two
layers in the form of photons of energy, and




knocksthe electronsacrossthe junction. This
results in the development of a potential
difference acrossthetwolayers. Direct current
(DC) electricity can be drawn across the two
layers through an external circuit. Silicon is
the most commonly used material for making
solar cells. Other materialsinclude Cadmium
Sulphide and Gallium Arsenide. Crystaline
silicon cellsare most popular, thoughthey are
expensive. The amorphous silicon thin film
solar cellsare less expensive. Thefabrication
of the solar cell involves starting from the
growth and characterization of basic silicon
material in water form, followed by junction
formation, contact fabrication and anti-
reflection coating on the active surface of the
cell. The outer surface of thepanel isprotected
by a specia tempered glass which provides
high transmittance of sunlight. The efficiency
of solar cdlsinconvertingind dent solar energy
intoelectri cal energy dependsontheillumination
spectrum intensity, materials of construction
anddesign of thecell, atmospheric temperature
and dustiness of the sky. Dust free atmosphere
and low day temperature lead to higher
efficiency of solar cells.

A solar cell behaves like alow voltage
(0.5 volt) battery whose charge is
continuously replenished at a rate
proportional to the incident solar radiation.
By connecting such cells into series/parall el
configurationresultsin photovoltaic modules
or solar arrayswith high current and voltages.
The power developed by a solar array ranges
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from 80 to 120 watts per square meter of
panel. The photovoltac power can be utilized
to operate conventional electrical appliances,
including DC electric motors. The solar array
is mounted on a simple frame which has
provision for adjusting the array manually
against the position of the sun. The angle of
the array may be changed, if required.

Photovoltaic pumps

The solar pump unit consists of a solar
array, a direct current electric motor and a
pumping unit (Fig.1). The other components
arethe electrical control and somemechanism
for tracking the array against the sun. Two
types of pumping sets are used with

Electronic
Pump
Enhancer

Water Tank

Float Switch
(opliona

Fig.1. Line sketch of SPV pumps
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photovoltaic systems, a vertical centrifugal
pump coupled to a submersible DC electric
motor, or an ordinary volutecentrifugal pump
close coupled to a horizontal DC electric
motor. However, the submersiblepumpunitis
more suitable for the photovoltaic system.
The submersible pump is made leak proof by
a silicon carbide mechanical seal. In case a
volute pump isused, careistakento limit the
pump suction within about 4.5m, tomaintaina
high level of pump efficiency.

The output of the solar array varieswith
the intensity of the incoming radiation and
other factors. Hence, it is necessary to match
a variable speed DC motor with the panel
output. There is considerable commercial
interest in manufacturing photovoltaic
powered pumping sets. The power output of
the system is directly proportiona to the
number of solar cells and the surface area of
the panel exposed to the sun. The array hasto
be tracked 3 or 4 times daily to orient it to
the sun. It requires shadow free area for
installation of solar panel. The discharge of
asolar pump from 1800 watts DC centrifugal
pump variesfrom 6 to 8 liters per second at
ahead of 5m.This could irrigate about 1.5 to
2ha of land with crops having moderate
irrigation requirements. The system can be
used for agriculture and livestock. Solar
water pumps may be especially useful in
small scale or community based irrigation,
as large scale irrigation requires large
volumes of water.
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Solar PV water pumping systems (Fig.2)
are used for irrigation and drinking water in
India. The majority of the pumps are fitted
with a 200-3000 watt motor, powered with
1800 Wp PV array which can deliver about
140,000 liters of water/day from a total head
of 10 meters.

Fig.2. Photovoltaic pumpswit Iar ray
Advantages of SPV pumping systems

i) It is cost effective, more reliable as
compared to the conventional systems.

i)  SPV systemsdepend upon solar energy,
which is free gift of nature.

i)  The operation and maintenanceis very
low, popular for remote rural areas.

iv)  Thisprovidesgreater energy security by
using local resource-sunlight.

V)  SPV systemsare modular in nature and

can be easlly transported and easily
expandableto enhancethe capacity.

vi) Itismost energy efficient and one of the
energy conservation programs.

vii) This system can be coupled with drip
irrigation for water conservation.
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viii) The use of sunlight as a source of fuel
leads to clean, eco-friendly and
decentralized generation of energy,
which saves the fossil fuel, controls
deforestation and prevents environmental
pollution.

Maintenance of Photovoltaic Systems

The solar panel is expected to provide
about 20 years of satisfactory service under
normal conditions, even though the cell itself
may last much longer. The only maintenance
requirement is occasional washing of the
surface to maintain maximum optical
transmissionthroughtheglass. If anindividual
cell of an array is damaged, the same can be
replacedwithout digurbingthearray. Thepanel
hasto be protected from breakage by external
agencies. Some manufacturerscover the cell/
array with unbreakable glass. The motor and
the pump require the usua periodic
maintenance like cleaning, lubrication and
replacement of worn parts.

Refer ences:

1.  Tiwari, G.N. and Ghosa M.K., Renewable
Energy Resources, Basic Principles and
Applications, Narosa Publishing House, New
Delhi-110002

2. Michad, A.M., Khepar, S.D., Sondhi, SK.
Water Wells and Pumps, Tata McGraw Hill
Education Private Ltd., New Delhi-110012

3. Google images on Solar Photovoltaic Pumps.
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NUCLEAR MEDICINES
Prof. Dinabandhu Bhatta

Radio Pharmaceuticals

A Radiopharmaceutical product is a
Sped al Radiochemical formul aion of adequate
purity and Pharmaceutical safty, suitable for
oral or intravenous administration to humans
for performing adiagnostic test or treatment.
This branch of medicine is known as
“NUCLEARMEDICINE’. RediopharmaceLticas
are“Open Source” Radio-Isotopeproductsin
the form of solutions, capsules or injections.

Radio-1sotopes used in
Radiopharmaceuticals

Diagnastic radiopharmaceuti cal semploy
radio-nucleides emitting photons, preferably
of 100-200 Kev energy and miminal or no
highLET (Linear Energy Transfer) particulate
radiations. Positron emiters form a separate
classof radio | otopesused inpagtronemisson
tomography. Someimmensly used diagnostic
radionucleides are *'Cr, %*Fe, Ga, 8K,
82Rb’ 99m'|'c' 111|n’ 133Xe’ 169Y b’ 195M’ 198Au &
201T], The Radio Isotopes used in therapy are
mostly p-emitters such as 3P, #Sr, 0y, 3,
153G, 166H 0, 177 u & 1%8AU.

Radi opharmaceuticals are classified
basing on the nature of formulation.

A landmark in the Nuclear medicine
occurred in the year 1946, when a thyroid
cancer patient's treatment with radioactive
iodine (*3U) resulted in complete cure of the
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disease. Intheyear 1950 swidespread clinical
use of Nuclear medicine took place for
measuring the function of the thyroid &
diagnosis of the disease for the treatment of
patient with hyper-thyroidism.

The advancesin counting & computing
sysems, availability of variety of radionuclides
haveaided the phenomenal growth of Nuclear
Medicine. A mgjor break through in this area
has been the advent of computed Tomography
(CT) & positron emmission Tomography
(PET) which are presently the effective tool
for diagnosis of the disease. Today there are
approximately 100 nuclear medicineimaging
procedureswhich provideinformations about
almost every organ system.

Radio-Isotopesaretagged tovast variety
of chemicals, which can be selected so that it
is targeted to the body organ to be studied.
Sincethe chemical islocalized inthe targeted
organ; it dependsuponthelocalization and on
the special function of the organ aswell asor
the amount of blood flowing to it. By this
means, not only the anatomy or structure of
the organ, but also the function & physiology
of the system is evaluated. If there is any
anatomical defect this will be deteeted by
Radio Pharmaceuticals(Radio | sotopestagged
on specia chemicals).

Hence Nuclear medicine works as a
doubleedged knife. Now adaysitisanintegral
part of thepatient’scare and extremdy vd uable
for early diagnosis, treatment & prevention of
numerous medical conditions.
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Usesof Radiol sotopes(half lifeindicated)

Molybdenum - 99 (*Mo, 66h) is used
as the 'parent’ in a generator to produce
Technetium-99(m) in a metastable state.
Technetium-99(m) with half life of 6 hours
(**"Tc, 6h) isused for imaging the skeleton &
heart muscle, as well as for brain, thyroid,
lungs (perfusion & ventilation), liver, spleen,
kidney, gd| bladder, bonemarrow, sdivary, heat
blood pod, infection & numerous specialized
medical studies.

Chromium - 51 (®3*Cr, 23d) is used to
label red blood cells & quantify gasto -
intestinal protein loss.

Cabalt - 60 (*Co, 10.5 mth) was
formerly used for external beam radiotherapy.

Copper - 64 (%*Cu, 13h) isused to study
genetic diseasesaffecting copper metabolism,
such as Wilson's & Menke's diseases.

lodine- 125 (**I, 60d) isusedin Cancer
brachytherapy (prostate & brain), aso to
diagnostically evaluate the filtration rate of
kidneys & to diagnose deep vein thrombosis
in the leg. It is also widely used in
radioimmuno-assaysto show the presence of
hermonesin tiny quantities.

lodine - 131 (**1, 8d) iswidely used in
treatingthyroidcancer & inimag ngthethyroid.
Itisalso used for diagnosis of abnormal liver
function, rena (kidney) blood flow & urinary
tract obstruction.

Selenium - 75 ("Se, 120d) is used in
the form of seleno-methionine to study the
production of digestive enzymes.




Sodium - 24 (*Na, 15h) is used for
studies of electrolytes within the body.

Srontium - 89 (50d) is very effective
inreducing thepain of prostate & bonecancer.
It is a beta emitter.

Xenon - 133 (5d) isused for pulmonary
(lung) ventilation studies.

Radio isotopes of calcium, gold &
rutheniumare alsoused i nbrachytherapy. These
are known as Reactor Radio |sotopes.

Isotopes such as Carbon - 11 (*C),
Nitrogen - 13 (**N), Oxygen - 15 (*0), Fluorine
- 18 (*®F). are positron emitters which are
used in PET for studying brain physiology &
pathology, in particular for localising epileptic
studies. They also have a significant role in
cardiology. F-18 (*8F) in FDG has become
very important in detection of cancersand the
monitoring of progress in their treatment,
using PET. Cobalt - 5'Co, 272d). isused as a
marker to estimate organ size. It isaso used
for in-vitro diagnostic kits.

lodine - 123 (**I, 13h) is being
increasingly used for diagnosis of thyroid
function. It isagamma emitter .

Srontium - 92 (%Sr, 25d) is used as a
parent in a generator to produce Rb-82.

Thallium - 201 (?*Tl, 73h) is used for
diagnosis of coronary artery disease, other
heart conditions such as heart muscledeath &
for location of low-grade lymphomas.

These are known as cyclotron Radio

| sotopes.
|
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THE UNSEEN INTERIOR
OF THE GLOBE

Dr. R. N. Mishra

Our Globe as we know of

Itisacommon knowledgetha our globe,
I.e. the planet Earth, has been taken
reverentially as the plinth of our standing on
and assuch, classically hasbeen treated asthe
first database of al the wisdom from time
immemorial. The visible surface was
traditionally thought asahabitableflat ground,
centre of therevolving Sunin the'Geocentric
Concept' of theyore enunciated by Plato (429
- 347B.C.) and others It waslater accepted as
a spheroid revolving round the Sun as
propounded by Copernicus(1473-1543A.D.)
in his famous 'Heliocentric Concept’. The
surface features of Earth studied as a subject
of Geography [ Geo=Earth+ graphics=Visuals]
had to remain confined to the uppermost hard
shell of the Globe.

Today of course, the very clear satellite
picturesof theplanet do no longer warrant any
further proof for itsrecognised globular outfit.
The exterior having been established with
unmistaken identity, the probable interior of
the Earth being aninaccessibleregion, hasyet
rema ned dependant upon scientific evidences
to be gathered from the science of Geology
[Geo = Earth + logos = Study] and its allied
sciences combined with their perfect
understandingsand interpretations. Scientific
appreciation of the Earth's internal structure
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isbased upon observations of topography and
bathymetry, observations of rock in outcrop,
samples brought to the surface from greater
depths by volcanic activity, analysis of the
seismic waves that pass through the Earth,
measurements of thegravity field of the Earth,
and experiments with crystalline solids at
pressures and temperatures characteristic of
the Earth's deep interior.

The important clues are :

e Theoveral density of the Earthismuch
higher than the density of therockswefindin
the crust. Thistellsusthat the inside must be
made of something much denser than rock.

e Meteorites (created at the sametime as
the Earth, 4.6 billion years ago) have been
analysed. The most common type is called
chondrite which contain iron, silicon,
magnesiumand oxygen whereasothers contain
iron and nickel. A meteorite has roughly the
same density as the whole earth. A meteorite
minusitsiron has adensity roughly the same
asMantlerock (e.g. theminerd called olivine).

e Iron and Nickel are both dense and
magnetic. Scientists can follow the path of
seismic wavesfrom earthquakes asthey travel
throughthe Earth. Theinner core of the Earth
appears to be solid whilst the outer core is
liquid (S Waves or Transverse Waves do not
travel through liquids). The mantleis mainly
solid as it is under extreme pressure. It is
known that the mantle rocks are under
extreme pressure, so much so that diamond
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isformed from carbon depositsand is created
in rocks of kimberlite type that come from
depths of 150-300 Km, sgueezed under
Massive pressures.

The Earth is a sphere (as is the scotch
egg!) with adiameter of about 12,700 Km. As
one goes deeper and deeper into the earth, the
temperature and pressure rise. The core
temperature is believed to be an incredible
5,000-6,000°C.

Thecrustisvery thin, (average thickness
being 20 Km). Thisdoes not sound very thin
but if one were to imagine the Earth as a
football, the crust would be about 0.5
millimetrethick. The thinnest partsare under
the oceans (Oceanic Crust) and extends to a
depthof roughly 10 Km. Thethickest partsare
the continents (Continental Crust), which
extend down to 35 Km on average. The
continentd crustin TheHimal ayasisestimated
to be some 75 Km deep.

The mantle is the layer beneath the
crust which extends about half way to the
centre. It is made up of solid rock which
behaves like an extremely viscous liquid,
possibly dueto the confined and heavy supra-
incumbent pressure dueto the solidified crust
of the periphery. The convection of heat
fromthe centre of the Earth iswhat ultimately
drives the movement of the tectonic plates
and cause mountainsto rise and subterranean
troughs to get structured out on the crust.

The outer core is the layer beneath the
mantle. It is made of liquid iron and nickel
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eutectic melt, commonly known as the NiFe.
Complex convection currentswithinthisfused
NiFe zone, giverise to a dynamo effect with
the differential angular velocity of Earth's
diurnd rotation between the coreand the crust
(core much faster than the crust); which is
ultimately responsible for the Earth's
permanent magnetic field.

The inner core is the final bit in the
middle. Itismadeof solidiron and nickel and
many indirect inferences in the present day,
points finger to this ultimate core as a hyper-
massive and possibly unitary super-gigantic
crystal of NiFe. Temperatures in the core are
thought to be in the region of 5,000-6,000°C
and it's solidity is comprehended as due to a
mixed combination of pressure-temperature
parameters, non-comparableto any other thing
yet in the Solar System.

Internal Structure of the Earth

The structure of Earth can be definedin
twoways, by physical & mechanical properties
such as rheology, or the overall chemical
characteristics. Mechanically, it canbedivided
into lithosphere, asthenosphere, mesospheric
mantle, outer core, and the inner core. The
interior of theearthisdivided into 5 important
layers. Chemically, Earth can be divided into
the crust, upper mantle, lower mantle, outer
core, and inner core. The geological
component layersof Earthareat thefollowing
depths below the surface; vide Table-1.
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Table 1; Sructural Pattern

Depth in Overall Details
Kilometres of the Layers
0-60 Lithosphere (locally varies
between 5 and 200 km)
0-35 Crust (locally varies
between 5 and 70 km)
35-60 Uppermost part of mantle
35-2,890 Mantle
100-200 Asthenosphere
35-660 Upper Mesosphere
(upper mantle)
660-2,890 Lower Mesosphere
(lower mantle)
2,890-5,150 Outer Core
5,150-6,360 Inner Core

The layering of Earth has been inferred
indirectly usingthetime of travel of refracted
and reflected seismic waves created by
earthquakes. The core does not allow Shear
waves (S- and SS-Waves) to pass through it,
while the speed of travel (seismicvelocity) is
different in different layers. The change in
seismic velocity between different layers
causes refraction obeying Snell's law.
Reflectionsareal so caused by alargeincrease
in seismic velocity and are similar to light
reflecting from a mirror. It is worthy of
mention that, of the more Penetrating waves
(P-, K- and SKP-Waves), K-Waves, whichare
waves of Mixed Characteristics (though in
Simple Harmonic Motion) do penetrate into
the Outer Core, keeping theapprehended solid
Inner Core completely unpenetrated.
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Core

Theaveragedensity of Earthis5.515Kg/me.
Sincetheaverage dendty of surfacematerid is
only around 3,000 Kg/m?, we must conclude
that denser materials exist within Earth's core.
Further evidence for the high density core
comes from the study of seismology.
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Sd smic measurementsshow tha thecore
isdivided intotwoparts, asolidinner corewith
aradiusof ~1,220 Kmand aliquid outer core
extending beyond it to aradiusof ~3,400 Km.
Thesolid inner corewasdiscoveredin 1936 by
IngeLehmannand is generally believed to be
composed primarily of iron and some nickel.
In early stages of Earth's formation about 4.5
billion (4.5x10°) years ago, melting would
have caused denser substancesto sink toward
the center in a process called planetary
differentiation while less-dense materials
would have migrated to the crust. The coreis
thus believed to be largely composed of iron
(80%), aong with nickel and one or more
light elements, whereas other dense elements,
such aslead and uranium, either aretoo rareto
besignificant or tend to bind tolighter elements
andthusremaininthecrud (ssefdScmaerials).
Some have argued that the inner core may be
in the form of asingleiron crystal.

Under laboratory conditions asampl e of
iron nickel alloy was subjected to the core-
like pressuresby grippingitin avice between
2 diamond tips, and then heating to
approximately 4,000 K. The sample was
observed with X-rays, and strongly supported
thetheory that the earth'sinner corewas made
of giant crystals running north to south. The
boundary with the Outer Coreiscalled asthe
L ehman-Bullen Discontinuity.

Theliquid outer core surroundstheinner
core and is believed to be composed of iron
mixed with nickel and traceamountsof lighter
elements. Recent speculation suggests that
the innermost part of the core is enriched in
gold, platinumand other siderophile elements.




The matter that comprises Earth is
connected in fundamental ways to matter of
certain chondrite meteorites, and to matter of
outer portion of the Sun. Thereisgood reason
tobdievethat Earthis, very muchlikeachondrite
meteorite. Beginningasearly as1940, scentids,
indud ng Francis Birch, built geophysics upon
thepremisethat Earthislikeordinary chondrites,
the most common type of meteorite observed
impacting Earth, whiletotal ly ignoring another,
albeit less abundant type, called enstatite
chondrites Theprincipd differencebetweenthe
two meteorite typesis tha enstatite chondrites
formed under circumstances of extremely
limited available oxygen, leading to certain
normally oxyphile elements exiging either
partidly or whaly in the aloy portion that
corregponds to the core of Earth.

Dynamo theory suggeststhat convection
in the outer core, combined with the Coriolis
effect, givesriseto Earthsmagneticfield. The
solid inner core istoo hot to hold a permanent
magnetic field (see Curie temperature) but
probably acts to stabilize the magnetic field
generated by theliquid outer core Theaverage
magnetic field strength in the Earth's outer
core is estimated to be 25 Gauss, 50 times
stronger thanthe magneticfield at the surface.

Recent evidence has suggested that the
inner core of Earth may rotate dlightly faster
than the rest of the planet. In August 2005 a
teamof geophysi cistsannounced inthejournal
Science that, according to their estimates,
Earth's inner core rotates approximately 0.3
t0 0.5 degrees per year relativeto therotation
of the surface.
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The current scientific explanation for the
Earth's temperature gradient is a combination
of heat left over from the planet's initial
formation, decay of radioactive elements, and
freezing of the inner core.

M antle

The core-Mantle Boundary isknown as
Gutenberg Discontinuity. Earth's mantle
extends to adepth of 2,890 km, makingit the
thickest layer of the Earth. The pressure, at the
bottom of themantle, is~140GPa(1.4 Matm).
The mantleis composed of silicate rocks that
arerichiniron and magnesiumrelativeto the
overlying crust. Although solid, the high
temperatures within the mantle cause the
silicate material to be sufficiently ductilethat
it canflow onvery long timescal es. Convection
of the mantle is expressed at the surface
through the motions of tectonic plates. The
melting point and viscosity of a substance
dependson the pressureit isunder. Asthereis
intense and increasing pressure as onetravels
deeper into the mantle, the lower part of the
mantle flows less easily than does the upper
mantle (chemical changes within the mantle
may also be important). The viscosity of the
mantle ranges between 10?* and 10* Poisg,
depending on depth. In comparison, the
viscosity of water isapproximately 103 Poise
and that of pitch is 10" Poise.

Crust

The crust ranges from 5-70 km in depth
and is the outermost layer. The thin parts are
the oceanic crust, which underlie the ocean
basins (5-10 km) and are composed of dense
(mafic) iron magnesium silicate igneous
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rocks, like basalt. The thicker crust is
continental crust, which is less dense and
composed of (felsic) sodium potassium
aluminium silicate rocks, like granite. The
rocksof thecrud fall into two major categories
- Sial and Sima (Suess, 1831-1914). It is
estimated that Simastartsabout 11 Km below
the Conrad discontinuity (a second order
discontinuity). Theuppermos mantletogether
with the crust constitutesthe lithosphere. The
crust-mantl e boundary occursastwo physically
different events. First, thereisadiscontinuity
in the seismic vel ocity, which isknown asthe
M ohorovicicdiscontinuity or Moho. Thecause
of the Moho isthought to be achangein rock
composition from rocks containing
plagioclase feldspar (above) to rocks that
contain no feldspars (below). Second, in
oceanic crust, thereisachemical discontinuity
between ultramafic cumul ates and tectonized
harzburgites, which has been observed from
deep parts of the oceanic crust that have been
obducted onto the continental crust and
preserved as ophiolite sequences.

Many rocks now making up Earth's crust
formed lessthan 100 million (1x10P) yearsago;
howeve, theoldest knownmineral gransare4.4
billion (4.4%10° yearsold, indicatingthat Earth
hashad asolid crust for at |east that long.

Physical Layering [Rheological]

Because of variationsintemperature and
in pressure, the materialsinsidethe earth vary
in there physical properties with depth.

Inner Coreisthe central part of theiron-
nickel core. It is a solid iron sphere. The
reason is that the pressure at the center of the
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earth is significantly higher than the pressure
above, while the temperature is only dlightly
higher. While higher temperature would tend
to melt materials, higher pressures tend to
create solids.

Outer Core constitutes the remainder of
the iron-nickel core and is liquid. It is
comprehended to bein aliquid state because
the overall pressureislower.

M esospher e: Themagjority of the mantle
matter from the core-mantle boundary is solid
and is called the mesosphere.

Asthenosphere: Nearer to the surface
of the earth the temperatureis still relatively
high but the pressure is greatly reduced. This
createsasituation wherethe mantleispartially
melted. The asthenosphereisaplasticsolidin
that it flows over time.

Lithogohere: Above the asthenosphere,
the temperature begins to drop more rapidly.
This creates alayer of cool, rigid rock called
the lithosphere. The lithosphere includes the
uppermost part of the mantle and it also
includes all of the crust. That is, the crust is
theupper part of thelithosphere, and the upper
mantle is the lower part of the lithosphere.
The lithosphere can be deemed as the "float"
on theplastic solid state of the asthenosphere.

Compositional Layering [Chemical]

The chemical layering of the earth
formed as part of the earth's differentiation -
resulting from the heat generated during the
process of planetary accretion. As a generd
rule, denser materials settled to the center of
the earth, leaving lighter materials on top.




Thus, the earth consists of successive layers
of material gettingless denseasyou approach
thesurface Themgor compostional layersare:

Coreismade of ironwithminor amounts
of nickel, and lies at the center of the earth,
while Mantle is made of iron-magnesium
silicates and surrounds the core. The mantle,
critically appreciating, makes up the bulk of
the global body, viz. the planet Earth. Crust
occursastwo distinct types, oceaniccrust and
continentd crust. Both typesof crust arelighter
(less dense) and contain more silica than the
mantle. Oceaniccrug isthecrud that underlies
most of theareaswecall "oceans’. Itisthinner,
more dense, and contains less silica and
aluminum and moremagnesium and iron than
continental crust. The lack of silicamakesit
darker than continental crust. Because
Continental crust isthicker and made of less
densematerial than theoceanic crust, it "floats"
higher on the earth.
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CONQUEST OF PHAILIN
Sri NikunjaBihari Sahu

Phailin, thestrongest cydoneto hit India
inthelast 14 yearssince the Super-cyclone of
1999, wasone of the finest tropical storms
likea Sapphire (truetoitsoriginal meaningin
Thai) that rocked the coastal belts of Odisha
with Ganjam district bearing the brunt of
aggression . The storm had a very interesting
course of development ever sinceitsoriginin
the far sea that acquired immense popularity
amongst peopl elike never beforeasit unfol ded
over the Odisha coast.

Thesystemwasfird noticed asatropical
depression on October 4 within the Gulf of
Thalland. Over the next few days, it moved
westwardsand passed over theMday Peninsula
before moving out of the Western Pacific
Basin on October 6. It emerged into the
Andaman Seaduring the next day and moved
West of the North-West direction into a
favourable environment for further
development. The Indian Meteorological
Department (IMD) on October 9 reported that
the system had been consolidated further to
become a Deep Depression. The system
subsequently passed over theAndaman islands
intotheBay of Bengd toberapidy reorganized
into a Cyclonic Storm named as Phailin.
Phailinintensified further to be recognised as
a category-1Hurricane onthe Saffir-Simpson
Hurricane Wind Scale (SSHWS) early on
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October 10with aclear Eyefeaturedevel oping
which the IMD termed as a Very Severe
Cyclonicstorm. The system continuesto grow
at brisk pace and acquired category-5
Hurricanerank with wind speedsreaching upto
260knvh. It continueditsjourney towardsthe
Indian coast and subsequently made landfall
on October 12 near Gopal pur on Odisha coast
between 8.30 PM. to 9.30 PM. as a very
severe Cyclonic Storm. As the storm moved
inland, wind speeds picked up from 100 km/h
to 200 km/h within 30 minutes and ravaged
the city of Berhampur, (the closest place to
the point of landfall) with gale winds and
heavy rainfall. It moved North-West and
caused large scale destruction to human
habitats all along its path. Eventually, it got
weakened over the land before being last
observed over Jharkhand on October 14 asa
well marked area of low pressure. In spite of
al itsawesome strength Phailin fell short of
the situation of the Super-cyclone of 1999
when thestormlaid stationary over the coastal
region for nearly 24 hours causing a much
higher scale of devastation with a sea surge
of nearly 30 feet.

The destruction caused by Phailin was
immense affecting lives and livelihoods of
millionsof people. Thecyclonehasdevastated
homesin coastal villages uprootingtreesand
tearing down power and communication lines
and knocking out road and rail links. A storm
surgeof nearly 10ft high had inundated coagal
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areas. In coastal towns, shop signs and other
debris were pitched high in the air by storm
gusgtsand el aborate decorationsfor DurgaPuja
were strewn away with the Puja fervour
completely lost. The cyclone has prompted
India'sbigges ever evacuaiondrivewithmore
than 3 lakhspeople movingup from the coastal
villagesof Odishato safer places A cargo ship
with 20 crew on board sank during the storm
off the coast of West Bengal. The cyclone
continues its assault and left its footprints in
the nei ghbouring state of Jharkhandtoo during
its dying hours. Heavy rainfall in the upper
tracts of many rivers caused flash flood
marooning people in the coastal districts of
Odisha. The storm has indeed |eft people in
the coastal districts scared and scarred.

Given the vast devastation as described
above, the huge strength of the storm can be
easily understood. Thesecret to itsenormous
prowessliesonabad c property of Water. Weater,
unlikeall other liquids, hasahigh Latent Heat
of vaporisation which is essentially the heat
rel eased when water in gaseous state changes
itsformtoliquid state asaresult of condensation.
Thisvalue for water is2.5x10° Jkgin contrast
to other liquids like Ammonia: 1.2x10° Jkg,
Propane: 4.2x10° Jkg, Ether: 3.9x10° Jkg,
Carbon tetrachloride: 2.2x10° JKg.

The stormhasitshumblebeginningasa
small twister over the far seas as the sunrays
heat up water producing mass of warm and
moist air. Sometimes, the moist air mass lay




stationary asahuge cloud over the sea surface
without di persng out whichishighly unstable
in nature that eventually becomes the cradle
for the storm. Further heating causes streams
of air rising up within the moist air cloud
creating a low pressure region there.
Surrounding mass of moist air rushesinto the
region that curves around due to the Earth's
spin. Onreachingthelow presaure centre, the
mass of moist air rises upward and expands
suddenly into the higher atmosphere getting
cooled. The cooling triggers condensation of
millions of water vapour present in the moist
air releasing a huge quantity of heat to the
surrounding due to the high Latent heat of
water. This evaporates more amount of moist
air from the sea surf ace that feedsand fuel s
the storm and keeps it raging for weeks with
wind speeds reaching as high as 300 km/h.
Although the common name for such storms
Is Hurri canes, these are named as Typhoons
in the Pacific and Cyclones in the Bay of
Bengd. Theword Cycloneisactually aGreek
word that means coil of a Snake which was
first used by a Briti sh meteorologi st to refer
to small depressions created over the Bay
Eventually, the storm heads
towardsthe land and appears as akiller to be

of Bengal.

reckoned with. But on reaching the land, it
quickly subsides as no moist air is available
to keep its cyclic process going. Before
that, it had caused widespread damageto life
and property.
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Like many other natural calamities, a
Cyclone cannot be prevented with the present
day technology. But early warning of the
impending disaster with accurate
meteorol ogical inputs can bolster the
preparedness of the people to face the
challenge, thus lessening the scale of
devastation. The pre and post management of
Phailin by the Govt. of Odisha is a good
example and should be a torch bearer in this
direction. We need to learn many lessons
from our Phailin experience. Firstly, as the
storm hits hard the power sector in particular
which is the key to al other spheres of
development, €electric transmission cables
should be laid underground to ensure minimal
damage to the network during the disaster and
early restoration of the power supply.
Secondly, the stormisgenerally fed by ahuge
mass of moist air collected from the vast
expanse of the sea (which in case of Phailin
was half the size of India) and this water is
abruptly released on land creating flood.
Hence, we should be fully prepared to deal
with the flood situation in the aftermath of
the storm. Lastly, stringent action should be
taken against unscrupulous traders and
hoarders to ensure availability of essential
commodities to people at reasonable prices

before and after the storm.

Education Officer, Regional Science Centre
Bhubaneswar-75101, Mobile - 8018708858
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IRON AND STEEL MAKING PROCESS

Ironandsteel areimportant infragructure
material sfor the growth and devel opment of a
nation. India ranks fifth in the world in
production of iron and steel. Iron was even
used in prehistoric times. It was produced by
meltingiron orein hearths. Not only iron was
hugely used in India, but its metallurgy was
also praiseworthy. Some of itsfinest examples
are Delhi's "Iron Pillar" and the so called
"Damascus Svord'”.

Production Process

Iron and steel are produced in anumber
of processes starting from iron ore and
ending at finished sted products. The
different stages are: (1) Iron ore preparation,
(2) Coke making, (3) Iron making, (4) Steel
making, (5) Casting (ingot or continuous) and
(6) Rolling and finishing.

1. Iron Ore Preparation

Pureironisnot readily availablesinceit
easily oxidizes in the presence of air and
moisture. Itisavailablein theform of oxides.
These are reduced in blast furnace to make
iron. lron oxidescan cometo theblast furnace
plant in the form of raw ore, pellets or sinter.

The raw ore is removed from the earth
and sizedinto piecesthat rangefrom0.5t0 1.5
inches. Thisoreis either Hematite (Fe,O,) or
Magnetite (Fe,0,) and theiron content ranges
from 50% to 70%. This iron rich ore can be
charged directly into a blast furnace without
any further processing.

Er Mayadhar Swain

Iron orethat containslower iron content
must be processed toincreaseitsiron content.
Pellets are produced from this lower iron
content ore. The ore is crushed and ground
into powder sothewastematerid called gangue
can be removed. The remaining iron-rich
powder is rolled into balls and fired in a
furnaceto producestrong, marble-sized pellets
that contain 60% to 65% iron. Pellet plants
are generally established near iron ore mine.

Sinter is produced from fine raw ore,
small coke, sand-sized limestone and
numerous other steel plant waste materials
(mostly iron dust from the blast furnace and
iron oxide scales from the rolling mills) that
contain some iron. These fine materials are
proportioned to obtain desired product
chemistry and then mixed together. The raw
material mix is then heated (1300°C to
1400°C) to form larger size pieces that are
from 0.5 to 2.0 inches. Before charging to
blagt furnace, thesearecool ed to below 200°C.

2. CokeMaking

The cokeis produced from a mixture of
coals. The coal is crushed and ground into
powder and then charged into an oven called
"Cokeoven battery”.Astheovenisheated, the
coal iscookedand most of thevolatile matters
such as oil and tar are removed. The cooked
coal, called coke, is removed from the oven
after 18 to 24 hours of reaction time. The
coke is cooled and screened into pieces
ranging from one inch to four inches. The
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coke contains 90% to 93% carbon, some ash
and sulphur. 1000 kg of coal usually yields
750 - 800 kg of coke.

Cokeisusedintheblag furnace asafuel
and as the reducing agent. Therefore, coke
manufacturing isdone aspart of anintegrated
steel works activities.

3. Iron making

Ironisproducedinblast furnace. Ironore,
pellets, sinters, coke and limestoneare charged
intotheblast furnaceand cokeisignited by hot
blag and immediately reacts to generate heat.
Iron isproduced fromiron oxide by reduction.
The chemical reactionsare

C+0,=CO,
CO, + C=2CO
3CO + Fe,0, = 2Fe + 3 CO,

Carbon monoxide formed from the
reaction of carbon and oxygen is a reducing
agent, because it is more reactive than iron.
Limegone (Calcium Carbonate) decomposes
forming calciumoxide. Thisisafluxingagent
and combined with impuritiesto make slag.

CaCO, =Ca0 + CO,
FeS+ CaO + C=CaS+ FeO + CO
Ca0 + 30, =CaSiO,

The CaSiO, and CaSbecome part of the
slag(wage). Other impuritiessuchasAlumina
(ALO,), Magnesia (MgO) or Calcia (CaO)
alsoformpart of slag. Theliquid slagfloatson
topof theliquidironsinceitislessdense. The
liquidiron and slag aretapped off through tap
holes at the base of the furnace. Thisiron is
caled pig iron. The dag is cooled and
processed as a sal eable product.
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Blast Furnace
Another product of the iron making
processis hot dirty gases. These gases exit at
the top of the blast furnace. This gas has a
considerable energy valueand soisburned as
a fuel to preheat the air entering the blast
furnace. This gasisalso sent to the boiler and
IS used to generate steam which turns aturbo
blower that generates the compressed air or
the steam can be used to rotate asteamturbine

to produce electrical power.

4. Sed Making

Stedl is an aloy of iron, carbon (less
than 2%) and manganese (less than 1%),
although other alloy metalsare usedto produce
specific properties. Mechanical propertiescan
be varied by changes in composition (for
example mild steel contains less than 0.15%
carbon, hard steel more than 0.3% carbon) or
by heat treatment. Stainless steel also contains
8-25% of chromium.

Either the hot metal from the blast
furnace or iron / steel scrap, or a mixture of
both, is the main raw material for any steel
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furnace. The respective amounts used vary
according to the process and the type of steel
required. During the first half of last century,
basi c Open Hearth Furnaces (OHF) accounted
for about 80% of steel production. Sincethen
the electric arc and basic oxygen processes
havereplaced OHF, and Basic Oxygen Furnaces
(BOF) now account for 75% of the world
steel production, with Electric Arc Furnaces
(EAF) responsible for the remainder.

4.1. Basic Oxygen Furnace (BOF)

Hot metal isthe principal material used
in a BOF. The furnace is charged first with
scrap and then with molten iron; typically
70-85% of the charge is hot metal and the
remainder isscrap. High purity oxygenisblown
into the metal through a lance. The oxygen
combines with carbon and other unwanted
elements, thus eliminating them from the
molten metal as the slag. The reactions are:

2Mn+0O,=2MnO
S +0,=80,
MnO + SO, = MnSO, (dag)
2C+0,=2C0O
S+0,=50,
Duringthe'blow', limeisalsoaddedasa
flux which removes the oxidized impurities
and forms a floating layer of slag. When the
desired quality isachieved, the steel ispoured
into a ladle for casting. The dag is poured
into a separate ladle for removal to adlag pit
where metal reclamation takesplace. Modern
BOFs can make up to 400 tonnes of steel in
about 40 minutes.
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4.2. Electric Arc Furnace (EAF)

EAFs were originaly used soldy for
making steel of spedal high qualities because
of the close control they gave over the
composition of the metal. Nowadays they are
alsowiddy used for making large quarntities of
themore common steds. AnEAF congstsof a
refractory-lined circular bath with aswiveling
roof through which carbon el ectrodeislowered
to a position above the scrap in the furnace.

EAF is charged with clean scrap,
limestone and possibly anthracite or broken
electrodesasasourceof carbon and melted as
quickly as possible. If aloy steels are being
made, the scrap is selected to ensure that the
furnace charge contains some of the elements
required, for example nickel, molybdenum,
chromium, etc. Thelarger EAFscan produce
up to 150 tonnes of steel in 1-2 hours,
depending on the steel type.

5. Casting Process

After the molten steel has been tapped
fromthe steel furnace, it is cast into ingotsor
special castingsor directly into slabs, blooms
or billets by the continuous casting process.
Prior to the mid-1960s, most molten metal
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wasrel eased through the base of theladleinto
moulds in which the metal was allowed to
solidify. Continuous casting processes were
subsequently devel oped and are now used for
most steel making. Molten steel is channeled
down through awater-cooled mould.

6. Rolling and Finishing Operations

Semi-finished cast steel from the steel
making plant is formed in rolling mills into
productsfor the market place. A widerange of
millsexists, varyingin size, profile, complexity
and output. Someform part of large integrated
steelworks and may be almost 2 kilometers
long. Others, morenumerous, producealimited
range and size of productsand occupy asite of
afew hundred square meters. However, they
can be considered in two categoriesi.e. hot
rolling and cold rolling plants.

Stel issubjected toavariety of "finishing'
processes to meet market demands, including
acid picking, painting, gd vanizng, tinning and
plagtic coating. Theprocesses arecomplex and
thedetail ed proceduresvary from plantto plant.

Conclusion

Indiaisthe 4th largest crude producer of
steel intheworld after China, Japan and USA.
In 2012-13, production of total finished steel
was 78 million ton (MT). The production of
pigironin 2011-12 was5.78 MT. Indiaisthe
largest producer of sponge iron in the world
(20.37 MT in 2011-12). The stedl production

inIndiaisexpectedto reach200 M T by 2020.

Dy. Gen. Manager, MECON Ltd., Ranchi, Jharkhand-834002
Mob. -09470193755, E-mail-mayadhar2002@yahoo.co.in
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FAIRCOSMETICISFOUL
Dr. Dwijesh Kumar Panda

Your make up may beleavingyouwitha
touch of toxic heavy metals, with potential
health implications over long term use.
Toxicity...theterm is defined as the severity
of damage; any substance can do to a living
organism. Physical toxicity is caused due to
physical presence of element which has the
tendency to interfere with the biological
activity of the body. The entire concept of
toxicity isbased on theamount of exposure of
the toxic substance and its time span. The
perils under the name of metal exposurewhich
areunseen, slowly accumuainginbody, causes
everlasting effects on physical and mental
abilities. Cosmetics canbeafunway to change
or enhance your look. What is not so funis
that many cosmetics contain toxic chemicals.
A study by Centrefor Saenceand Environment
(CSE) claims to have found high levels of
mercury in several well-known national and
International brands of skinwhitening creams
and chromiumin several brands of lipsticks.
The perils under the name of metal exposure
which are unseen, slowly accumulatinginthe
body, causing everlasting effects on physical
and mental abilities.

High levels of mercury are associated
with kidney damage, skin discoloration and
scarring, while chromium is carcinogenic.
Despite use of mercury being banned in
cosmetics under the Drugs and Cosmetics
Act, 44% of the 32 fairness creams that CSE
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tested reported contained mercury. It found
chromiumin 50% of 30 lipstick samplestesed,
and nickel in 43%. All the samples were
purchased from amarket in Delhi and tested
at CSE'spollution monitoringlab. Thesamples
also included some popular herbal products.
The results showed that whitening creams
can contribute up to 71% of the acceptable
daily intake (ADA) for mercury. Lipstick
users could be worse off. Among the brands
that tested positive for nickel and chromium,
that worst could expose a heavy user to over
15 times the safety limit for chromium,
according to the study.

Heavy metals are generally termed as
toxic elements as our body is unable to
metabolize these elements and they get
accumulated in soft tissues causing
neurodegenerative effect on the body.
Elemental toxicity dueto mercury, chromium,
and nickel are dangerous as it impairs the
functions of liver, kidneys, and lungs. Long
term exposure of these elementscan resultin
dow precipitation of mental disorders like
Parkinson'sdisease and other neurodegeneraive
diseases. Hypersengtivereactionsare common
upon contact with a particular metal exposure
and repeated exposure can cause cancer. Some
of theelementsintrace quantitiesaretol erated
by and are essential for the human body. But
when these levels are above tolerance limit,
they cause diseases.

Diagnosis of metal toxicity depends on
laboratory testing for blood, urine analysis,
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liver and kidney function tests, analysis of
fingernals chest X-raysetc. Arsenicedimation
isdonefromurine sample. Arsenic getscleared
from the blood quickly; hence urine sample
testing can give afair estimatefor over afew
daysof exposaure. If theexposureislonger i.e.,
several months, examination of finger nails
and hair is done. For mercury, urine sample
(24 hrs old) ispreferably tested. Accumulation
of mercury in the chest can be seen by an
X-ray. Asmercury exposure hasadvers effects
on liver and renal system; respectivefunction
tests are recommended by the doctors.

Cosmeticscan beafunway to changeor
enhance your look. What is not so fun isthat
many casmeticsconta ntoxicchemicals. David
Suzuki Foundation has released a report
showing the dangers of 12 toxic chemicals
commonly found in wide range of cosmetic
products in Canada. The "Dirty Dozen "are
found not just in make- up, but in everything
from shampoo to hand moisturizers. These
ingredients include endocrine disruptors,
potential cancer causing agentsand even some
that are often contaminated with neurotoxins
heavy metals.

The" Dirty Dozen Ingredients®

LEAD Foetal sbnarmalities
| Eehaviouns! problews
TRICLOSAN

Toxinsyou put onyour body gointoyour body.




1. BHA AND BHT : Used mainly in
moisturizers and make-up as preservatives.
These are suspected endocrine disruptorsand
maly calse cancers.

2. COAL TARDYES: Used in somehair
dyes and in a variety of cosmetics. These
heavy metals are toxic to the brain.

3. DEA, COCAMIDE DEA AND
LAURAMIDE DEA : Used in some creamy
and foaming products, such as moisturizers
and shampoos. These react to form
nitrosamines, which may cause cancer.

4. DIBUTYL PHTHALATE : Used as a
plasticizer in some nail care products. Thisis
sugpected endocrine disruptor and reproductive
toxicant.

5. FORMALDEHYDE-RELEASING
PRESERVATIVES: DMDM HYDANTOIN,
DIAZOUDINYL,UREAeic. : Usdinavariety
of cosmetics These slowly release small
amountsof forma dehyde, which causescancer.

6. PARABEN, METHYLPARABEN,
BUTYLPARABEN,AND PROPYLPARABEN:
Usedinavariety of cosmeticsas preservatives.
They are suspected endocrine disruptors and
may interferewith mal ereproductive functions

7. PARFUM : Usadinavaiety of coametics
asmixtureof fragranceingredientswhich can
trigger adlergiesand asthma.

8. PEGS: Used in some cosmetic cream
bases. This can be contaminated with
1, 4-dioxane, which may cause cancer.
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9. PETROLATUM : Used in some hair
productsfor shineand asamoisturebarrier in
somelip balms, lip sticksand moisturizers. It
Isapetroleum product that can be contaminated
with polycyclic aromeatic hydrocarbons, which
may cause cance.

10. SILOXANES : Used in a variety of
cosmetics to soften, smooth and moisten.
These are suspected endocrine disruptor and
reproductive toxicant.

11. SODIUM LAURETH SULFATE: Used
In some foaming cosmeti cs, suchas shampoos,
deanersand bubbl ebath. Thiscan be contami neted
with 1, 4-dioxane, which may cause cancer.

12. TRICLOSAN: Usedinsomeantibacterial
cosmetics, such as toothpastes, cleaners and
antiperspirants. Thisisa suspected endocrine
disruptor and may contribute to antibiotic
resistance in bacteria.

FAIRISFOUL. Coandicsgiantsdeny charges.
The government and industry should follow
therecommendationsof David Suzuki Foundation
and take measuresto protect peoplefrom the
toxic ingredients contained in cosmetics.

Refer ences:

1. The David Suzuki Foundation of Canada
Publications 2010.

2. Bulletin of Centrefor Science and Environment
(CSE), Gowt. of India, New Delhi.

3. Dianne R Baldwin and William J Marshal,
(1999). "Heavy metals poisoning and its
laboratory investigation” Ann Cline Biochem,
36:267-300.
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CENTRIFUGATION:
A TECHNIQUE USED INBIOTECHNOLOGY

During last three decades Biotechnology
hasemerged asauseful branchin biology. Itis
afield of applied biology that involvesthe use
of living organisms and bioprocesses in
engineering, technology, medicine and other
fields requiring bioproducts. Biotechnology
also utilizesthese productsfor manufacturing
purpose. Modern useof similar termsincludes
genetic engineering as well as cell and tissue
culturetechnolog es. Theconcept encompasses
awide range of procedures (and history) for
modifying living organisms according to
human purposes going back to domestication
of animals, cultivation of plants and 'improvements
on these through breeding programs that
employ artificial selection and hybridization.

Biotechnology depends on pure
biological sciences (genetics, microbiology,
animal cell culture, molecular biology,
biochemistry, embryology, cell biology) and
in many instances is also dependent on
knowledge and methods from outside the
sphere of biology (chemical engineering,
bioprocessengineering, i nformeati on technal ogy,
biorobotics). Conversely, modern biological
sciences (including even concepts such as
molecular ecology) are intimately entwined
and dependent onthe methodsdevelopedthrough
biotechnol ogy and what is commonly thought

of as the life sciences industry.
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Dr. Anoop Kumar
Dr.K.K.Anand

Centrifugation is one of the most
important and widely applied research
techniques in biochemistry, cellular and
molecular biology, and in medicine. A
centrifuge is an instrument which uses
centrifugal forceto isolae suspended particdes
from their surrounding medium according to
their size, shape, density, viscosity of the
medium and rotor speed. Applications for
centrifugation are many and may include
sedimentation of cellsand viruses, separation
of cellular and subcellular organelles, and
isolation of macromolecules such as DNA,
RNA, proteins, or lipids. A centrifuge,
generally driven by an electric motor (some
older modelswere spun by hand), that putsan
object inrotation around afixedaxis, applying
aforce perpendicular to the axis. Due to this,
lighter objectswill tend to moveto thetop and
heavier at the bottom of the tube.

Incentrifuge, therotatingunit called the
rotor, hasfixed holesdrilled at an angle (to the
vertical). Test tubes are placed in these slots
and the motor is spun. Asthe centrifugal force
is in the horizontal plane and the tubes are
fixed at an angle, the particles have to travel
only alittle distance before they hit the wall
and drop down to the bottom. Among different
types of rotors, anglerotors arevery common




in the laboratories. There are five types of
rotorsviz. Swinging-bucket rotor; Fixed angle
rotor; Vertical tube rotor; Zona rotor;
Elutriator rotor.

Types of Centrifuge

1. Small Benchtop or Desktop Centrifuge
(With or without refrigeration): This type
of centrifugeisgenerally of slow speed (up to
4000rpm). Thesearecommonly useinclinical
labs (for blood/plasma/serum separation).
Dependingon diameter, desk top centrifuge can
take approximately (up to) 100 tubes (Fig. 1).

Fig. 1: A Desk top Centrifuge

2. Microcentrifuge: This type of
centrifugation is very common in
biochemistry/ molecular biology/ biological
labs. In this, small volumes eppendorff tubes
(up to 2 ml) are used. This may be with or
without refrigeration. Such type of centrifuge
can generate force up to ca. 15,000 x g.
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3. High speed centrifuge: High speed
centrifugeisnormally refrigerated. Depending
ontherotor, thishaslarge samplecapacity. Its
speed isgenerally 15,000 - 20,000 rpm. This
is normally used in research applications.

4. Ultracentrifuge: Ultra centrifuge is
very expensive anditslifetimeisvery short.
It requires special rotors. Its speed is 65,000
rpm (100,000's x g). In this balance is very
critical. These are generally used in research
applications (Fig. 2).

Fig.2: Ultracentrifuge
Operation

Increasingthe effectivecentrifugal force
it will cause the precipitate to gather more
rapidly and completed at the bottom of the
tube as a 'pellet’. The remaining solution is
called the 'supernate’ or 'supernatant’. The
supernatant liquid is then either quickly
decanted from the tube without disturbing the
pellet, or withdrawn with a Pasteur pipette.
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The rate of centrifugation is specified by the
acceleration applied to the sample, typically
measured in revolutions per minute (RPM) or
relative centrifugal force (RCF). The particles
settlingvelocity in centrifugationisafunction
of thar sizeand shape, centrifugal accel eration,
the volume fraction of solids present, the
density difference between the particle and
theliquid, and the viscosity.

Types of Centrifugal Separations
1. Differential centrifugation
2. Density gradient centrifugation

1. Differential centrifugation
(Differential Pelleting)

This is the most common method to
separate the particles on the basis of their
size. Thismethod iscommonly usedinsimple
pelleting, for separation of subcellular
organelles and macromolecules. In this
method, when homogeni zed sampl e spined by
ultra centrifugation, the particles moved with
varying velocities down in tubes. The
supernatant can befurther centrifugedto pellet
subcellular organelles of intermediate
velocities such as mitochondria, lysosomes,
and microbodies. Some of these sedimenting
organelles can be obtained in partial purity
which are typically contaminated with other
particles. After spin, pellet contains larger to
smaller particles (usually mixture).
Supernatant contains liquid and most slowly
sedimenting component. Repeated washing of
the pelletsby resuspendinginisotonic solvents
and repelleting may result in removal of
contaminants that are smaller in size.
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2. Density gradient centrifugation :
Densty gradient centrifugaionisthe preferred
method to purify subcellular organelles and
macromolecules. Density gradients can be
generated by placing layer after layer of
gradient mediasuch as sucrose in atube with
theheaviest layer at thebottom and thelightest
at the top in either a discontinuous or
continuous mode. The cell fraction to be
separated is placed on top of the layer and
centrifuged.

Conclusion

Since biotechnology has emerged as a
useful branchin biology; centrifugationisone
of themost important and widely applied step
in research applicablein biochemistry, cellular
and molecular biology, medicine, genetic
engineering and breeding science.
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A JOURNEY OF TRANSLATIONAL
RESEARCH IN ENGINEERING PHYSICS

(Talk delivered by the author at Indian National Association of Engineers(INAE)
on the occasion of Life-time Contribution Award in Engineering-2013)

| wasbornin 1933 in Chaha Kalan - a
small village near Gujranwala in Pakistan.
| used towalk about 4 kmto my school, and
read in the light of an oil lamp. My favorite
sportswerekabadi, wreslingand playing free-
for-all hockey onadirtroad,and | learned to
swim in thevillage pond. My dreamwas to
become an Aeronautical Engineer. The
partition of Indiabrought our family to Delhi
where | completed my tenth grade in DAV
school inacamp near the Golemarket. With
afew career options open evento atopper
inthose days, Physicswasthe most preferred
choice whichiswhat | did to graduate with
BSc(Hons) and MSc (1954) in Physics from
Delhi University. We were taught a lot of
physics by some of the best known teachers
in India in those days. But, sadly, | neither
learned much nor | wasinspired partly because
Physics as taught to us was never related to
anything around us which | could appreciate
,and partly because the physics laboratory
experiments we had to perform as apart of
the curriculum were neither exciting nor
innovative.This led me to look for
opportunities elsewhere.

Inspirational Experience

When | arrived in  the University of
British Columbia, Canadain September 1954
to pursue my PhD programme on aWorld

Prof. K L Chopra

University Fellowship, | suggested to my
proposed supervisor that | wanted to learn
physics by doing thingswith my own hands
andthat | enjoyed doing soand thus| would
like to start with learning workshop skills.
Shockedto seemein abrand new suit andtie
asking to befirsttrainedin workshop practice,
he took me to the Workshop and asked
someoneto put methroughthedrill of learning
theuse of varioustools, lathes, glass blowing,
etc. Subsequently, | designed my own glass
vacuumsystemwith amercury diffusion pump
(whichiswhat vacuum technology was at that
time), silvered large glassdewarsfor storing
liquid nitrogen and liquid helium, and wired
electronic circuits to measure and maintain
very low temperatures of afraction of adegree
K elvin obta ned by adiabati c demagneti sation.
We had to learn how to liquify the gas, and
recycle it after the evaporation of liquid.
Observing the superfluid liquid helium (a
macroscalequantum fluid) gettingout of its
container against gravity (a quantum
phenomenon) wasakinto aspiritual experience
for me. Sometimes, such experiments lasted
upto 48 hours. My supervisor stayed with me
all thetime and brought packed food for both
of us. Thisexperience of conducting exciting
experimentsin collaboration withasupervisor
asacoworker and mentor leftadeep impact
on me. Then and there, | made up my mind
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that, given an opportunity, | would liketo set
up a laboratory where students and faculty
would work together like colleagues, learnto
work with their own hands, learn to learn
fromexperiences, and above all appredcatethe
need to trandate the knowledge so obtained
into an asset for society at large. Littledid |
know at that timethat my dream would be
fulfilledeventually intheformof anInstitution
cameto be known as"Thin Film Laboratory”
(TFL) at I T Delhi.

Thin Film Research : A New Frontier

As a postdoctoral Research Fellow of
the Defence Research Board of Canada at the
Royal Military College, | set up facilities to
verify thelaest BCStheory of superconductivity
by measuring ultrasonic absorption in
superconductors. Thiswasfollowed by a stint
asaMax Planck Fellow in FritzHaber Institute,
Berlin where| established alow temperature
XRD facility from scratch to determine any
asymmetry in electron density distribution
in hexagonal metals.

Intheearly 60's, adramatic change took
place in my scientific career. Based on
remarkable electronic and optical properties
of thin-films, vacuum depaosited ultrathinfilms
of several materials showed great promise of
emerging as a new frontier of science and
technology. Unfortunately, the properties of
such films were not reproducible which led
some to call it "5th state of matter” (besides
solid, liquid, gasand plagma). | choseto work
withtwoleadingindustry research |aboratories
inUSA which provided mewitha chdlenging
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opportunity to establish what thin-filmsreally
were and why they showed anomalous
properties. Of course, this gave me an
opportunity to work ina new, exciting and
evolving field of Thin Film Research for
microel ectronic and photonic applications. As
a senior scientist, | was given afree hand to
conduct researchinany directionwhich could
be of interest totheindustry. First of al, many
workers set out to find out why thin-film
properties were so temperamental. After
numerous studies, we al came to the
conclusionthat propertiesof thin-films(and
similarly nanomaterials created abinitio)
depended strongly on theway atomic species
were created, transported and assembled to
create nanomaterials of different dimensions.
That is, the birth stages of nucleation and
growth of a thin-film or nanomatter
determined the nanostructure and thus the
properties. This meant that controlled and
reproducible deposition parameters were
essential for obta ning reproducible properties
of thin-films.

| published my research findings
extensively and wasgranted 4 US patents. As
early as1962, | published a paper, the first of
itskind,on Thin Film Photocell (solar cell as
itisnow caled) in IEEE Journal. | discovered
current controlled negative resistance
switchinginthinoxidefilms(atopicwhichis
being revived for commercia applications).
Our pioneering work on structural, electrical
and optical changes in GeTe thin films at
elevated temperatures led private companies




(such as Moser Baer) to develop writable
CDs | deve oped and patented aduoplasmatron
ion beam sourcefor vacuum sputter-depogtion
of hard optical films/coatings. Two decades
later, this patent came to the rescue of a US
based multinational who was dragged to court
with anover orebillionddlarlegal sutbyarival
company for violaingtheir patentfor depositing
durable laser mirrors used in laser guided
wegponsfor defence. By citing my patent asan
evidence of anexistingknowledgeinthefidd,
the company won the court battle. The news
attracted headlinesin NewYork newspapers.

The exciting ecosystem of research in
industry oriented research laboratories inUS
pushed me further to challenge myself to
author the very first book in the field. At the
age of 32, | spent the next three years in my
gpare time to write a Treatise "Thin Film
Phenomend'. Published in 1969, thebook was
agrandsuccess. Thebook isglobaly respected
asthe"Bibl€" for newcomersto thefield even
today. Learning about my workinthenew area
of Thin-HIms, the Director, II T Delhi inquired
if | wouldbeinterestedinjoininglITD. Before
long, thelnstitute offered me avery attractive
position of a Senior Professor of Solid State
Physics and also offered to pay al my
relocation expenses by air for the family.
Suchagenerousoffer by apremier institution
inIndiawasunthinkableinthosedays. | could
hardly refuse thisgolden opportunity to fulfill
my dream of setting up a research laboratory
in India with a paradigmatic difference. We
arrivedin Delhi on August 23, 1970. My wife
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and | met the director of 11TD on the 24th
morning. Warmyly welcomingmetolIT Delhi,
the Director handed over personally the keys
of the bungalow at 10, West Avenue, IIT
Campus bungalow which became our future
residence for 17 years. This warm welcome
and reception led me to resolve to burn the
bridge to my attractive US position (from
which | had taken |eave) and, comewhat may,
justify the trust posed in me by 1ITD.

TheBirth of the Thin Film Laboratory
(TFL)

| was shown around the Physics
department and, in particular, two large empty
rooms where | was supposed to set up my
research laboratory. A PhD student, who had
decided to join me even before | joined I1T,
waskeenly waitingto talk withme. | toldhim
that if he was prepared to accept the rough
and tough role of a pioneering scientist, he
was welcome as my student. Thus,both of us
started together to clean the floors of what
would become the globally famous Thin
FilmLaboratory (TFL). | had mentionedinmy
recently published book that growing polymer
filmsepitaxially and dopingthem appropriatdy
wouldbe a fruitful areafor R&D indevel aping
new materials. We devised a very simple
solution growth technique with very little
equipment to deposgt thin-filmsof well known
polymers such as PVC, PVB, etc. By doping
and incorporating different metals in the
polymer films, we created what came to be
knownas semiconducting "Metdlopolymers'.
Wereceived our very first grant of Rs30,000
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as a DST sponsored project to synthesize
conducting polymer films which boosted our
spiritsand our credibility. We werewel | ahead
of timein creating semiconducting polymers
but werenot good chemists. Thediscovery of
conjugated polymerssome 8 yearslater led to
theNobd Prizedisoovery of conductingpaymers
by a Japanese and two American chemists.
No, we were not disappointed. Our simple
Solution Growth Technique became a popul ar
techniquefor synthesizing and studying poymer
thin-films by numerousworkersglobally and
our original papers were cited widely.

The number of students keen to join
TFL for PhD and MTech projects started
increasing rapidly. We needed to build all
purpose vacuum systems for thin-film
research. A workshop was created in TFL out
of whatever old tools were available within
theinstitute. All students, maleor femde, had
to learn to use the workshop for building
equi pment withwhatever wasavai lall eanywhere
in junk, waste or scrap form. The students
built several vacuum systemsfor evaporation,
and for sputtering. Sincelarge metal vacuum
chamberswere not available anywherein the
market, our students bent stainlesssheetinto
a cylindrical chamber by sheer muscle power
and welded it . Improved diffusion pumps,
crude pressure gauges, electron beam gun,
sputtering modules, quartz crystal and opticd
monitor, ellipsomeer, DLTS, EBIC, spray
pyrolysis system rapid quenching set-up,
among others, for thin film deposition by
different techniques were created by jugaad
(an Indian version of innovation).
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After his visit to TFL during 1976,
Dr Arcot Ramachandran, thethen Secretary of
the DST, asked mewhat DST candofor TFL.
| asked for a Nanoanaltyical Facility.
Dr Ramachandran lost no timein sanctioning
Rs 15l&khs. | persuaded aUScompany which,
at that time,was developing aScanning Auger
Microprobe-cum-Electron Spectroscopic
Chemical Analysis, to give usthe instrument
for experimentation and evaluationatanominal
coad of Rs. 15lakhs. The SAM-ESCA wasthe
first such instrument anywhere in India. We
ma nta ned and used thisinstrument exteng vely
for almost two decades. We received some
more analytical equipment suchasan electron
mi croscope and spectrophotometersunder the
Indo-UK aid agreement. With further
development of facilities, TFL became a
foundry to develop alarge number of home
made physical, chemical and el ectrochemical
thin-filmdeposition techniques and arange of
micro and nano-analytical tools. At onetime,
TFL wasconsidered globally asone of thefew
best Thin-FilmR& D facilities under oneroof.

Our research contributions were
appreciated globally. TFL attracted lots of
visitors- foreign dignitaries, academics from
al over theworld and several Nobd L aureates.
The TFL wasopenandfunctioned 24X7.The
Nobel Laureate DrAbdul Sdamvisited TFL in
the late evening. A theoretical physicist,
himself, he was soimpressed to see our work
that he asked me if we could set up asimilar
facility in the International Centre for
Theordical Physics, Trieste, Itdy of whichhe




was the Director at that time. Two prominent
Japanese scientists came all the way only to
verify our clamof having created transparent
conducting ZnO films for the first time.
German scientists visited at night to look at
our work on thin-film CdS/Cu,S solar cells.
ThevicePresident of IBM Research Centreat
Yorktown Heights, USA spent six months of
his Sabbatical leave in TFL. The list of
prominent visitors is endless.

Invitationsto mefor lecturescamefrom
all over theworld. Requestsfor engaging my
students for postdoctoral fellowships came
on telephone from many scientists abroad.
The CEO of ULVAC- a leading Japanese
Vacuum and Thin Film Company - requested
meto send three of my students as PDFson
a5-year contract. During my visitsabroad, |
spent some time to consult at the Research
Centresof IBM , Westinghouse, and ARCO in
USA. Thepinnacleof our global recognition
came when TFL was asked to hold the 7th
International conference on Thin Films in
1987. With 700 participants, including three
recent Nobelists, from al over the world, the
conference held in Vigyan Bhavan is still
remembered by the world community for the
high quality of presentations, superb
arrangementsand hospitality- all taken care of
by the TFLians.

Significant R& D Contributionsof TFL

Someof theoriginal and most prominent
scientific contributions from TFL during my
time are listed as follows:
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Developed Semiconducting Metallo-
Polymers.

Developed graded refractive index
multilayerd coating- thefirst "photonic
crystal " (asit would be called today) of
its kind for nearly perfect reflection
mirrors.

Established rigoroudy el ectron transport
processes in thin metal and amorphous
semiconducting films,

Developed ZnO based bulk and thin-
film varistors. The technology was
transferred to WS Insulators, Chennai.

Devel oped scientificdly aChemica Bath
Deposition process for CdS Films
which some call it a Chopra process-
used globally by al Thin FilmSolar Cell
industriestoday.

Devel oped, for thefird time, Transparent
and Conducting ThinFilmsof ZnOwhich
initsbulk formisawell-known insulaor.
Such ZO -TCO films are now used
extensively by thinfilm solar cells and
other optod ectronic industries- without,
unfortunately, givingcredit to us.

Discovered structural and optod ectronic
changesin various Ge-chalcognidefilms
which has led to the manufacturing
of CDs.

Discovered Giant Photocontraction
Effect in Ge-chalcogenide films and
demonstrated its lithographic and
reprograhic applications.
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e Detailed study of the Physics of
ThinFilm CdS/Cu,Ssolar cells.

e Developed nanostructured auminium
oxide template for synthesizing
nanostructured optically selective
coatingsfor solar -thermal applications.
Creation of templates of various
marerialsisnow an established industry.

e  Developed hard metal carbideand nitride
coatings for surface engineering and
machine tools.

Since patenting of innovations was not
encouraged in educationa institutions at
that time, we missed an opportunity to patent
several significant innovations which were
adopted in due course by global industries.
However, TFL attracted industrial
consultancy assignmentsand thusinteracted
strongly with theindustry in India. Various
consultancy jobs, and technology
development and transfer assignmentswere
executed by our students under the
supervision of the faculty. The first
consultancy assignment inlITD was offered
to TFL by thethen well known razor blade
company manufacturing 7-O'Clock shaving
blades. We were required to improve the
smoothness,sharpness and life of blades by
coating nanometric Cr films by a sputter-
deposition process. The project was
successfully executed to the satisfaction of
the razor blade company by our students
who al so tested the performance of the blades
by regular shavesinthe morninginside TFL.
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Someof theinteresing consultancy and
trandational research projects undertaken
by us were:

e  Sputter deposition of Cr on 7 O'Clock
razor blades(MalhotraRazor Blade Co)

e  Study of nanostructureof importedsilica
powder for rubber tyres(Good Yea, Dehi)

e  ThinFilm CdSPhoto-cells (manufactured
by Patel Enterprises, Bangalore)

e  ThinFilmColour Coatingson Opthalmic

Glasses ( Laxmi Opticians, New Delhi)
e  Manufacturing of Electron Microscope

grids(Montek Industries, Chandigarh)

e ZnO Varistors (manufactured by W S
Insulators, Chennal)

e Moire Gratings for Lathe Machines
(HMT, Bangalore)

e Thin Film Strain Gauge for Roorkee
University
e ThinFilm IR Detector for DRDO

e  Highpower Electron Gun (manufactured
by VICO, Delhi)

e Magnetron Sputtering module
(manufactured by VICO, Delhi);

e  Opticd Monitor for Thin Filmdeposition
(Hind HighVacuum, Bangal au)

e Optically Selective Copper Black
Coatingsfor solar- thermal applications
( Jyoti Ltd and BHEL)

(to be continued).
[ |
Former Professor and Founder, Thin FHIm Laboratory, IIT Delhi
and Former Director, |IT Khargpur

= Science Horizon



FEBRUARY, 2014

GLOBAL WARMINGAND CLIMATE CHANGE :
THE SCIENCE BEHIND AND SOLUTIONS

I ntroduction

We have discussed earlier that the
reasons behind Global Warming and climate
changeistwo fold: - natural and man-made.

Natural causes may have devastating
effect. But nature has devised its own check
and balance system. It counter balances its
positiveand negative actions. Human capacity
islimited. Vast forest went underground with
all itsfloraand faunadueto earth quake, volcanic
eruptions etc., in turn nature gave us coal,
mineral and natural gases. Man is destroying
foreq, can he produce fossil fuel? So let's
leave nature and think of what human beingis
doing. What we should do and what not to.

Negativeimpact of global warming and
climate change has to be tackled urgently to
save everything on earth. Life requires pure
water, air and healthy food for its sustenance.
In previous artide we have discussed about
how industry, mindlessuseof naturd resources
and mismanagement in garbage handling,
pollution etc. do cause Globd Warming and
bring changesin climate. We have also discussed
how to avoid GHG emission, make earth free
from shacklesof pollutionand save our planet.

Now wewill discussabout developing a
greener earth, achieving food security, tackling
the challenges of climate change. Food is the
primary requirement for life to continue.
Agriculture is main thing that gives us food.
Industry, space crunch, pollution, climate

SachalaBalaMishra

change are the main factors that effects
agriculture. Sowe haveto look deepinto, how
to arrange healthy food for every mouth.

Atmosphere acts as a shield around the
globe and protectslife on it from the harmful
effects of solar radiations. Man has evolved
some similar technique to deal with such
situation, which we will discuss here:

" Green House Technology" (GHT) - a
contr dled environmental agricultural method.

Green House Technology is the art of
growingplants, inaplanned way, in temporary
or permanent infrastructures equipped with
several means of controlled environmental
conditions. If managed technicaly and
efficiently, GHT will goalongway inproviding
food and nourishinglife of plants(and anima's)
on earth. In comparisonto the past weare now
at ahigher risk of environmental hazards. But
at the same time human beings are now more
awareof thedanger facingtheworld. Plant and
animal lifeand natural resources on earth, are
facing multifaceted difficultiesand challenges
dueto over population, pollution of air, water
andsoil, hazardsof massscd eindugtrialization,
deforestation, damage and destruction of
ecosystem. Man isat present worried about it
and trying to find solutions that can reverse
the scenario and undo the damage done.

Constructing a Green House

A Green House structureisa permanent
or temporary, small or big shade or building
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made of transparent or translucent materials.
This can be constructed on terrace, on roof
top, in backyard and also in open field. Iron
frame, glass, fiber glass and plastics are used
to build the infrastructure, pipe channels are
fitted for water supply. Electric supply, heating
- cooling systems are needed for internal
environment control. The roof and walls of
this structure allow visible solar radiation to
enter in. Hot air is retained keeping inside
warm to optimum level. Plants, soil and other
things inside the green house absorb solar
radiation. Nutrients and pesticides required
are supplied with water. Designing and
constructing a Green House needs a team of
experts, like sdentids, engineers agriculturists,
masons, electricians, plumbers and those
persons who are trained in construction of
thisstructure Air, water, soil, warmth, sunlight,
nutrients, disease control, protection from
insects and rodents specific for a plant, is
providedtothe plantsinscentificand controlled
way. Plantsgrown in GH are more adaptabl e.

Advantages of Green Housetechnology

In Green Housesadvantagesarein many
folds. Dueto better seed, optimum water and
nutrients, hedthy germination and plant growth,
guantity of produce per unit area is 10 -12
timesmorethan outdoor cultivation. Products
are of enhanced quality as nutrients supplied
are specific to the crop, disease infection is
controlled. Green house cultivation requires
lesswater sincedripirrigationisused. Around
40% less water is needed in comparison with
open field cultivation. Farmers get maximum
yield using less space as internal space is
designed to achievethis. Off season plantscan
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be grown making grains, flowers, fruits
available through out the year. Off season
produce fetches more market value. GHT
provides better scope of experimentation and
innovation. GHT is very advantageous in
extreme climatic conditions. For example in
deserts, excessive cold places, drought prone
areas, it protects plants from extreme cold,
high wind, precipitation (acid rain), excess
radiation (UV rays), high temperature, insect
attack and diseases. Using thistechnique any
plant can be grown at any timein any place.

Disadvantages of Green Hause Technology

Cost of construction and maintenance
cost is high. There is a shortage of High tech
manpower in India to apply this precision
farming method. GHT requires trained man
power and expert technique. Knowledge and
implementation of effective control of climate
inside the house is not an easy task. But al
these can be addressed through research and
training and by using better technol ogy.

Urgent Requirement

Thereport submitted by The Environment
Ministry, Govt. of India, to the United Nations
Convention to combat desertification says,
over onefourth of India'sland area, covering
almost all statesisunder Desertification, Land
Degradation and Drought (DLDD). Thisisa
concern for sustainable development.

Indiahasto be very serious about it and
take firm action urgently to saveitsair, water
resources and soil, arrest pollution, save
environment through massivereforestationand
afforestation and other means.
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About one hillion people al over the
world go hungry. World has a limited space.
Day by day more spaceislost duetoindudries
and construction of buildings, less and less
gpace is left for agricultural land. Climate
changehasproved acongant threat tofarming.
Forests are destroyed decreasing the green
cover on earth and resulting in scarcity of
food, medicine and timber. In India food for
all is adream with reality far ahead. How to
addressmd nutrition and achievefood security
when population ismultiplying very fast? The
simpleanswer is, "grow morefood andincrease
nutrient value of food, reduce loss through
proper storageand distribution, organi sebetter
supply system”. Farmers and farming need
proper transportation (road and automobiles),
communication (telephone and internet),
electricity and water supply, farming tools,
machinery and fuel at minimum cost, training
institutions nearby for training. Using fossil
fuel is too costly for poor farmers. Tapping
alternate sources of energy (Solar, wind, bio-
gas etc) will be highly beneficial. This will
also help keep villages free from pollution.

Usefulness of GHT

Farming concept is shifting from large
farmlandsto small Green Houses. Once new
agricultural techniques and practices are
applied, environmental requirementsof aplant
are understood and fulfilled, harm due to
negative environmental factors etc. are
addressed in-house, in small scale, the same
can be transferred to larger fields. This will
cost lesstime, energy and manpower with less
risk of crop failure.
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GHT is being used for researches on -
application of farmhouse equipment and new
agricultural techniques, effectiveirrigationand
water management, improving and using
pesticides and insecticides that are
environment friendly, grafting and genetic
engineering, evolving newer and more
adaptable healthier and higher yielding plants.

Very old and big trees are being cut everyday
for road construction. It will take 50-100
years to grow such trees again. The fast pace
of Global Warming will not allow us so long
time. Growing healthy, fast growing plants
that can replace the cut ones are the present
day requirement. Good timber plants, plants
having canopy for shade, fast growing plants
arebeinggrowninside Green Houseand being
transpl anted al ong the highwaysand roadsand
on barren land for quick reforestation and
afforestation.

Tomatoes grow best in Green Houses.
Traditionally winter vegetables, are now
available throughout the year. A controlled
temperature of 20 - 25 degree during day and
15-17 degree during night isthe best for plant
growth. Drip irrigation is advantageous.
Tomatoes are fed with carbon dioxide easily,
giving more yield of better quality. Other
plants that yield best in Green house are :
capsicum, cucumber, onion, garlic, brinjal,
some spices. Garbera flowers, used for
decoration in socia events, have higher
market value. They are now commercially
grown in Green House. They need minimum
wet and dry conditions. Open fields are
either more wet or more dry for them.
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Commercial use of Green House
technology

Morethan 50 countriesaroundthe globe
are using GHT for large scale commercial
farming. Japan, China, US, Gulf Countries,

Canada, Philippines Egypt, Spain, Netherlands
are afew to mention.

Indiaisat start point and recently taking
up to Green House Cultivation.

Government of India is subsiding for
setting up a Green House and providing
technical support. Foundation for Organic
Agriculture and Rura Development is
organizing various levels of training
programmes for this.

Research and findings

Extensiveresearchwastaken up all over
theworld after 1990, when Earth'stemperaure
climbed sharply. Scientists under the
leadership of Terje Berntsen at Center for
International Climate and Environmental
Research (CICERO) at Oslo, made a project.

A giant Laboratory was used which had
al the factors- earth, itsnatural climate, man
-made disruptions like emission of GHG,
deforestation and natural disruptions like
volcano, solar activity etc. Thisclimate model
was repeated millions of times and effects
recorded. Scientists are now of opinion that
containing globa warming at lessthan 2 degree
celsiusisattainable. Ocean warming seemsto
have stabilized to some extent. But if we
continue to emit GHG thistrend may reverse
inany time. Policy makersareframing policies
to achieveand maintain this.
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Indiahas established Precision Farming
Development Centers in states to promote
high-tech precision farming. It is organizing
seminars, using media for awareness, and
providing training to stake holders. It is
publishing information on climate zones and
climate. NCPAH, National Committee on
Plasticulture Agriculture in Horticulture is
another effort in this direction.

Organic Agriculture and Rural
Development is promoting Organic Farming.
Organicfarmingworksin harmony with nature
and not against it. Using organic compost and
manure and avoidance of artificially made
manure and fertilizer, using biodegradable
things in farming, maintaining optimum PH
level helpsmantain good soil and soil fertility.
It hel ps growth of environment friendly worms
and insects.

GHT improves the productivity,
profitability and sustainability of major
farmingsysems It may bean answer to hunger,
malnutrition and food security. A modern high-
tech green house with Controlled Environment
Agriculture(CEA) ismadefrom knowhow in
various fields - agriculture, horticulture,
engineering, energy, constructioninfragructure,
electrica and electronics, computer for
controlling heat, light, ventilation, humidity.

This is the place where traditional
farming meets modern scientific practice.
Here theory and practical go hand in hand.
Green housefarmingisan answer to rampage
of agriculture by global warming. It seemsthat
future farming is protected farming.
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Conclusion-Natural climatechangesand
fluctuation is not new to earth. It existed in
past and will exist. Fortunately it isvery slow.
Buthumanactivitiesarepushingitfag. Climate
change has thrown a great challenge to life.
Effective action has to be taken very fast
unless it will spread like a wild fire and the
damage can never be undone.

To contain globd warming anditsimpact
we have to be more aware and make others
aware, understand nature and its fury, know
about preparedness for disaster management,
undertake social responsibility seriously, help
continueand enrichresearchwork by providing
support and feedback, promote scientists,
farmers and ground workers, contain
population and pollution with a firm hand,
manage space crunch through modern
architecture making more space available for
greenery, make best use of garbage. "Reduce,
reuse, recycle" isto be remembered and acted
upon GHT is one of the many ways.
International bodiesarein favour of - Carbon
Taxing-the more CFCsyou spew, themoretax
you pay, and infavour of usingmoreand more
biodegradabl e objects Using Solar and other
renewabl e sourcesof energy replacing carbon
fuel will greatly reduce GHG emisson; lesson
the cost of production as resources are free
Indiabeing on equator has great advantage of
plenty of Solar Power. Solar heater, solar
cooker, solar streetlight system, solar water
pumps are finding newer markets everyday.
About 45% of rural housing who have no
electricity can now belighted by solar energy.
Agricultural wastes, house hold wastes, both
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in solid and liquid form in rural and urban
areas can be converted and reused to our
advantege

Industriesmust take social respongbility,
asitisthe society fromwhich they are getting
raw material, manpower and getting all their
earnings. Taking socia responsibility should
be apre-condition for setting up any industry.
Big corporate houses should take charge of
research and training and developing
infrastructure.

What | Should Do

| shall grow trees near my house and
surrounding and take care of them, use my
garbage for making compost andfor recycling,
use bio-degradable articles, like paper bags,
baskets etc. made of jute, bamboo and such
other things, avoid unnecessary wastage of
water, preserve water, avoid causing any
pollution, undergo training, sothat what ever |
do, it be a perfect and useful work. | shall be
aware and makeothersaware.

Let us help nature in keeping our earth
livable for us for our own requirement and
benefit.

Man has provided "fast pace” toclimaechange,
Solution to arrest it lies with MAN.
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PHYTOREMEDIATION: PLANTS TO CLEAN SOIL

On the morning of April 26, 1986, a
small townintheformer Soviet Unionwasthe
site of anuclear explosion that literally shook
the earth. The historic accident at Chernobyl
Nuclear Plant Reactor 4 in the Ukrane caused
severe radioactive contamination. Families
within a 30-km zone of the power plant were
evacuated, and in the months that followed,
extensive contamination was discovered in
areas up to 100 km from the site. Scientists
are hopeful that plants may play akey rolein
cleaning up some of the contamination.

In 1989, three years after the explosion,
the Soviet government asked the I nternational
Atomic Energy Agency (IAEA) to assess the
radiological and health situation in the area
surroundingthe power plant. Among the most
significant findings were radi oactive emissons
and toxic metals--including iodine, cesium-
137, strontium, and plutonium--concentrated
inthesail, plants, andanimds. Such substances
are potentially harmful to human health. For
example, although iodine tends to disappear
within a few weeks of exposure, it can be
inhaled or ingested and then accumulated in
thethyroid gland, whereit delivers high doses
of radiation as it decays. Since 1991, the
Canadian Nuclear Association has noted a
marked increase in the incidence of thyroid
cancer in the area surrounding the nuclear
acadent. Cesum-137, radioactive cesumwith
a mass number of 137, can enter the food
chain and deliver aninternal dose of radiation
before it is eliminated metabolically.

Apparently thesetoxi c substancesentered
the food chain via grazers, such as cows and

Mihir Kumar Das

other livestock, that fed on plants grown in
contami nated soils. Thetoxinsthen accumulated
and concentrated inthemeat and milk products
eventual ly consumed by humans Additiondly,
wild foods, such as berries and mushrooms,
are expected to continue showing elevated
cesium levels over the next few decades.

To prevent further spread of these toxins,
it was determined that livestock should be
allowedto feed only on uncontaminated plants
and on plants not tending to accumul atetoxic
metal swithintheir tissues. Thenasoil cleanup
method was employed using green plants to
remove toxinsfromthesoil. Thistechniqueis
phytoremediation, a term coinedby Dr. Ilya
Raskinof RutgersUniversity'sBiotechnology
Center for Agriculture and the Environment,
who was a member of the original task force
sent by the | AEA to examinefood safety at the
Chernobyl site. Phytoremediationisa process
that takes advantage of the fact that green
plants can extract and concentrate certain
elementswithin their ecosystem. For exampl e,
some plants can grow in metal-laden soils,
extract certain metals through their root
systems, and accumulatethem intheir tissues
without being damaged. Inthisway, pollutants
are either removed from the soil and
groundwater or rendered harmless.

Today, many researchers, institutes, and
companies are funding scientific efforts to
test different plants effectivenessat removing
awide range of contaminants. Raskin favors
Brassica juncea and Brassica carinata, two
members of the mustard family, for
phytoremediation.In laboratory tests with
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metals loaded onto artificial soil (a mix of
sand and vermiculite), these plants appeared
to be the best at removing large quantities of
chromium, lead, copper, and nickel. Several
members of this family are edible and yield
additional productssuch asbirdseed, mustard
oil,and erudcacid, whichisusedin margarine
and cooking oil. Researchers at the DuPont
Company havefoundthat corn, Zea mays, can
take up incredibly high levels of lead.

Z. mays, a monocot of the Poaceae or
grass family, isthe most important cultivated
cereal next to wheat and rice, yielding such
products as corn meal, corn flour, cornflakes,
cooking oil, beer, and animal feed.
Phytokinetics, a company in Logan, Utah, is
testing plants for their ability to remove
organic contaminants such as gasoline from
soil and water. Applied Natural Sciencesin
Hamilton, Ohio, istaking a dlightly different
route by using trees to clean up deeper soils,
aprocessthey call "treemediation.” University
researchersfrom the UK reported in the May
1999 issue of Nature Biotechnology that
transgenic tobacco plants can play arolein
cleaning up explosives.

In February1996, Phytotech, Inc., a
Princeton, NJ-based company, reportedthat it
had devel gpedtransgenic strainsof sunflowers,
Helianthus sp., that could remove as much as
95% of toxic contaminantsin as little as 24
hours. Subsequently, Helianthuswas plantedon
a styrofoam raft at one end of a contaminaed
pond near Chernobyl, and in twelve daysthe
cesium concentrations within its roots were
reportedly 8,000 timesthat of thewater, while
the strontium concentrations were 2,000 times
tha of thewater. Hdianthusisinthecomposite,
or Asteraceae, family and has edible seeds. It
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also produces an oil that is used for cooking,
Inmargaring and asapa nt additive. H. tuberosus
wasusedby NaiveAmericansasacarbohydrae
source for diabetics.

In 1998, Phytotech, along with
Consolidated Growers and Processors (CGP)
and the Ukraine's Institute of Bast Crops,
planted industrial hemp, Cannabis sp., for the
purpose of removing contaminants near the
Chemobyl site Cannalii sisinthe Cannabi daceae
family and is valuable for its fiber, which is
used in making ropesand other products. This
indudrial variety of hemp, incidentally, hasonly
traceamounts of THC (Tetrahydrocannabinal),
the chemi cal that producesthe™ high" inaplant of
thesame genuscommonly knownasmarijuana.

Overdl, phytoremediation has great
potential for cleaning up toxic metals,
pesticides, solvents, gasoline, and explosives.
The U.S. Environmental Protection Agency
(EPA) estimates that more than 30,000 sites
in the United States alone require hazardous
waste treatment. Restoring these areas and
their soil, as well as disposing of the wastes,
are costly projects, but the costs are expected
to bereduced drastically if plants providethe
phytoremediation results everyone is hoping
for. Meanwhile, of the original four reactors
at Chernobyl, Reactors1 and 3 arestill operating
today, providing 6,000 jobs and about 6% of
the Ukraine'selectricity. Reactor 2 was closed
after afirein 1991; the construction of Reactors
5and 6 cametoagrindinghdt after theexplos on.
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QUIZ ON FISHES

Prof. PrafullaK umar M ohanty

1. Which of the following fishes is
colourful, curious and conspicuous ?

a) Electric cat fish b) Angel fish

c) Climbingperch d) Dolphinfish

2.  Thebranch of science which dealswith
the study of fishesis known as:

a) Herpetology b) Saurology

c) Pedology d) Ichthyology

3. Which of the following is one of the
most popular delicious fishes ?

a) Pomfret b) Pamphret

c) Pamplet d) Pamphlet

4. InZodiacsigns,fishisoneof thesymbols
which occupies the position.

a) First b) Fifth

c) Seventh d Last

5.  Migration of fishes from river to seais
known as

a  Anadromous b) Catadromous

c) Potamodromous d) Oceanadromous

6. Cat fishes are called so because of the

a) Catlikedark body

b) Absence of scales on the body

c) Presence of whiskers like structure
called barbels on face

d) Production of sound like cat

7. Flying fish, which is found in Atlantic
and Indian Ocean, is coined with such aname
because it

a) Flies

b) Possesses large dorsal fin
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8.  Whichof thefollowingfinsarepairedin
fishes ?

a) Pectoral

b) Pelvic

c) Both pectoral and pelvic
d Dorsd

9. Thecopulatory organ of fishisknown as

a) Penis b) Hemipenis

c) Clasper d) Holopenis

10. Which of the following isatrue fish?
a) Silverfish b) Crayfish

c) Jely fish d) Parrot fish

11. Which of the following fishes produce
electric current ?

a) Torpedo b) Cyclostome

c) Ed d Chama

12. Which of the following fishes are
popularly known as three brothers ?

a) Rohu, Catlaand Mrigal

b)  Rohu, Catlaand Anabas

c) Catla, Mahasheer and Rohu

d) Magorcarp, mediumcarp and minor carp

13.  Which of the following fishes appears
like asnake ?

a) Snakeheadedfishb) Sucker fish

c) Flutefish d) Pipefish

14. Which of the following fishes doesn't
havescales?

a Mrigd
b) Magur
c)  Singhi

d) BothMagurand Singhi

15. Allthefishesmove horizontally in water
excepting one. Which is that fish that swims

_ _ verticdly ?
c) Actualy cannot fly but simply glides 8 Seahorse b) Globe fish
d) Hops c) Porcupinefish d) Africanlungfish
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16. Which of the following fishes is
characterized by the presence of hammer like
structre on head ?

a) Hammer headed Shark

b) Tiger Shark
c) EagleShak
d) WhaeShak

17. Hard scales or scutes are found on the
body of crocodiles, snakes etc. But which of
the following fishes possesses dermal bony
scutes or exoskeletal plates ?

a) FluteFish b) PipeFish

c) Mahaser d Maur

18. Whichof thefollowing malefishesbears
a brood pouch for storing fertilized eggs ?

a) Seahorse (b) Ee

c) Futefish d) Flatfish

19. Which of the following fishes exhibits
mimicry ?

a) Seahorse

b) Pipefish

c) Both seahorse and pipe fish

d) Snakeheadedfish

20. Fishesareusually edible. But which of

the following are not edible because of

poisonous nature ?

a)  Scorpion fish and porcupine fish

b)  Flyingfish, Bowfin fish and Trunk fish

c) Africanlung fish, South Americanlung
fishand Australian lung fish

d) Cotton fish, Spoon bill and Sturgeon
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SW'S+H:

(Why, Who, What, When, Whereand How)

FUNGUS
Nityananda Swain

Q. Doctors often use the term fungus
infection. What dothey actually mean by this?

Asyou know, i nfectionsmay occur dueto
attack by bacteria, viruses andparagtis. Butthe
infections that occur by fungus are termed
fungus infections or fungal infections. The
plurd of fungusisfungi (pronounced as‘ funji’).

Although diseases caused by fungi were
known earlier than the bacterial diseases, its
study was not given due attention. Because,
most of the diseases caused by them were not
that serious . However, presently the scenario
Ischanged. The fungusinfections are extremely
common; even afew of them arequite serious
and may cause death of the patient.

In developed countries, most of the
bacterial infections have been satisfactorily
controlled by the use of various antibiotics.
But at present time, the Fungus infections
havera seditsugy headsand thushaveassumed
agreater significancediseases Evenour body
also harbours a lot of them without any ill
effects.

Q. Are the fungi a different class of
microorganisms ?

Yes, they are different with their own
specific characteristics. Do not think that you
are not familiar with fungus and funga
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infections. Infact, theword fungusisaLatin
word meaning ‘mushroom’. You must have
seen different varieties of mushroomssold in
themarket and grown ontheground. You mus
have enjoyed it as a culinary item too.

Not only that; some of you might have
suffered from ringworm infection, ulceration
inthefolds betweenfingersandtoesespecially
during rainy season, severe itching and
discol ouraioninthethigh-foldsor depigmented
patches on face, chest etc. Most of these
conditions are due to fungal infections.

The Yeast your mothers and sisters use
while preparing cakesis nothing but atype of
fungus. Yeastisunicellular and the simplest of
thefungusfamily.

Q. Dothey differ from bacteria ? If yes,
how ?

You have already beentold that bacteria
are prokaryotic cells. On the otherhand, fungi
are eukaryotes. Its cellwalls are thick. They
possessdistinct nudei with nudear membrane
They have paired chromosomestoo.

Fungi grow assinglecellsasin yeast or
as multiple cellular filaments as in various
mushrooms. They obtaintheir food from dead
organic matter or from living organisms.

Q. How do doctors study fungi?

They collect the sample from the
infected lesion and examine their structure
under a microscope. But before putting it
under the microscope, they treat the sample
with potassium hydroxide solution. This
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alkaline solution digests all other cellular
materials but not fungi. As aresult the fungi
are seen clear and distrinct. The fungi can be
grown in specific culture medium; but its
culture takes days or weeks.

Q. How do fungal infections affect us ?

The funga infections are called
‘mycoses’. Mycoses affect human beings as
well asplantsand animals.

Human fungal infections are classified
intotwo maintypes:- thesuperficially seated
infections and deepseated infection. The
former is more common. The superficial
infections or ringworm infections belong to
the superficial category. Such type of tinea
infections, though chronic, are mildin nature.
On the otherhand, the deep-seated mycoses
affect tissuesbeneath the skin and theinternal
organs of the body.

Q. What are the common superficial
fungal diseases ?

In the superficial variety, fungus thrive
and multiply in the most superficial and dead
layers of the skinaswell asin its appendages
like nails and hair. One of the common
examples of the superficial mycoses is the
‘tinea versicolor’. These infective lesions
appear on the skin surface mostly of the face,
neck chest, abdomen, upper limbs and back.
The disease is more prevalent in adolescents
and young adults. The lesions appear as
depigmented brown patcheswhichdlightly itch
and give off fine scales.




A fungusinfection of the scalpisknown
astineacapitisand that of thebearded portions
of theneck andfaceisknownas' tineabarbae’,.
Since the latter is supposed to have come
fromtheinfected shaving instrumentsused by
thebarbers, thiscondition isotherwise termed
‘barber’sitch’.

Tineacorporisor tinea infection of the
body begins with red, slightly elevated scaly
patches. On examination, they reveal minute
vesiclesor tiny blister like projections. New
patchs arise from the periphera region of
the lesion while the central region shows
clearing up.

Tineacrurisisaso not uncommon. Itis
the fungal infection that effects the contact
surfaces of the scrotum, genital areas, anal
region and the inner areas of the thighs.
Excruciating itching is its chief symptom.

Candidiasis is the infection of the skin
or mucous membrane with a type of fungus
cdled ‘Candida albicans. It affects skin,
mouth, birth canal, respiratory passages like
bronchi or lungs. It may even invadetheblood
stream too. The newborn infants may be
infected by thisorganism duringtheir passage
through the birth canal.

The patients with debilitating diseases
like diabetes or cancer or those who are on
Immunosuppressive drugs may become very
vulnerable to fungal infections. Because of
theimmunodeficiency, theAlDSpatientsoften
areitsvictims.
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Q. Can thefungi cause poisoning ?

You might have heard about mushroom
poisoning. There are certain types of
mushrooms when eaten, may cause toxic
effect. The effects are manifested as
diarrhoea, vomiting, muscle cramps, alergic
rashes etc.

The fungus named ‘ Aspergilllusflavus
often infect groundnut, corn and peas. This
fungusishighly toxictoanimalsand birdsand
probably to man aswell . It has very harmful
effects on the liver and possibly has
carcinogenic properties.

Q. Howcanoneprevent fungal infections?

Superficial fungal infections almost do
not occur if persona hygienic measures are
strictly adhered to. Taking regular bath using
antiseptic toilet soaps, applying shampoo on
thehair at | east once every fortnight, wearing,
clean clothes, washing of inner wears as well
as stockings regularly etc. go along way in
preventing mycoses.

As the infections may spread from one
personto another, infected personsshould not

let others use their personal items such as
clothes, towels, handkerchiefs etc.

Q. How are the patients with fungal
infections treated?

They are treated with antifungal drugs,

antifungal cream and powder etc.
|
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