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EDITORIAL
LET THERE BE LIGHT AND MORE LIGHT ON LIGHT

Light isso special and certral to our existence
tha our seersof thegloriouspas onceusead to chant
"Deegpam Jyoti Paramah Bramhan..." in the
worship of light andfire Theyrealized intheir hdlistic
perception thefoundational precursorsto lifeto say
"Pancha Bhutani Mulani". Thesebas c necessities
must haveappeared through themanifestation of the
primary sourceenergy (Tgjah) initsvarious stages,
starting with the sequential creation of all the material
ingredientsandforcesinthevag expanse of space
(Byoma) over along period of timeto finally redize
asuitable rocky-solid surface somewherelike Earth
(Khiti) with adequate water bodies (Aapah) and
Atmosphere (Marutah) for theemergence of lifeto
be continuously nurtured inthe bosom of heat and
light of astar suchasthe Sun. Thereforeinquoting
theBibleinalighter veinwith : "God sad; L et there
beLight... andtherewasLifeon Earth” - thereisa
profound meaning with lot of significance in the
staement. Infactlight isaformof energy and energy
isthe primary sourceof all that existsand the prime
mover of everything that happensinthe Universe.
Life emerged on Earth, continuously being bathed
and nurturedinthe Ocean of heat and light provided
by the Sun, evolving through various stages of its
growth, sustenance and development, ultimately
endowed with a complex organ like 'Brain' with
sufficient intelligenceto feal curiousandenquireto
understandthetruenatureof Light.

Light withitsmany splendorsisexhibited in
the crimson huesof the setting and rising Sun; the
richnessof the rainbow, the teeming billions of the
twinkling starts and the romantic coolness of the
M ooninthenight sky, thecolourful beauty of Neture
withitsvad blue sky and the deep-blue ocean, has
awaysinspired not only theaesheticsensebut also
challenged the humanintellect ever sincethe davn of
human civilization. Light had remained most elusive
initsnaturethroughitsvariousinterplayswith matter
in phenomena such as reflection, refraction,
dispersion, scattering, polarization, interferenceand
diffraction. It wasoncethought to becorpuscular in
nature by Descartesand Newtonin order to explain

reflectionand refractionbyitsrectilinear propagation.
Thenit wasfound to bewave-likeby Huygens, Young
and Frend inthelateeighteenth and early nineteenth
century. Laterinthemid ningeerth century M axwell
showedthat light isan electromagneticwave cgpalde
of propagating invacuumlike X-ray, Micro-wave,
Radio-waves, ultraviolet and Infrared radiations.
Theninthebeginning of thetwentiethcentury it was
againfound by Planck and Eingeinthat light behaves
asparticlesinorder to explainradiationfromahot
body and the photo-emisson of electronsfrommetd
surfaces. Sowhat islight?A wave or aparticle! It is
neither. | nfact to-day weknow thet it hasthe quantum
nature like that of the electron which can not be
describedinour everyday language. Initsquantum
nature it is a collection of energy quantas called
photons. With this understanding science and
technology has been developed to a great extent
which hasenriched our lifeinevery possibleway,
and now timehasarrived to celebratethe blessing of
light and light-based technologies.

The year 2015 is being celebrated as the
International Year of Light (1'YL-2015) whichisa
global initiativeadopted by theUnited Nations(UN)
to raise awareness of how optical technologies
promote sustainable development and provide
solutionsto worldwide challengesinenergy (Solar
Energy), communication and education (Indoor
lighting by artificial lights, Conputer, Laptops, M dbile
Phones, WorldWideWeb etc.) agricultureand health
(Laser fencing, Laser surgery, Laparoscopy,
Endoscopy etc.) as well. It was launched at the
UNESCO headquarters in Paris on 19th January
2015withunveilingof 1001 invertionson light-based
science and engineering to inspire new ideas and
hopesfor finding solutionsfor new challenges

Let ushope Thel YL-2015will createaforum
for sdentists enginears artists poetsand many other
young brilliant brainsto beinspired bylight to interact
both with each other and with public so asto learn
more about thenatureof light, its many applications
with its role, history and culture to prepare for
futurechallenges.

Prof. Niranjan Barik
e-mail : dr.nbarik@gmail.com
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FORTHOSE WHO LIGHT CANDLES, THE SUN NEVER SETS

Prof. Ajoy Ghatak, is a renowned
Professor of Physics at Indian Institute of
Technology, New Delhi. Hehad earned internationd
acclaim as an expert on nonlinear optics and
laser physics. Withdue permisson from Prof.
Ghatak, a brief essence of his presidentia
address delivered on the occasion of the
celebration of thel nter national Year of Light
(1'YL-2015) duringthe 84th Annual Session of
National Academy of Sciences of India at
Jodhpur on 'Optical Fibres, ispresented here.

It isthe eye which celebrates optics and
none other than Prof. ghatak possesses the
power of the eye of the soul to render the
ongoing OpticsUtsavwhae.

May | sharethesebeautiful lineswithyou all:-

"For a thousand years has the daffodil wept,
For thelack of an eyethat would render it whale;
Just once in an epoch a person is born,

Who possessesthe power of the eye of the soul”

Feynman's incorporation of someones
saying, "The brain has developed a way to
look out upon the world" in his first volume
of Lectureson Physicshasfound afresh echo
recently in Masayo Takahashi (Stem cell
Person of theyear 2014): " Theretinahas been
called the body surface, and for these reasons
it serves as a useful and experimentally
amenable model of the central nervous system.
Until very recently, it wasthought that in adult
mammalsthe retinawas entirely incapabl e of
regenerating. But we now know that atleast

Nachieketa K Sharma

new retinal neurons can be generated after
being damaged. This has opened up new hope
that the ability to regenerate neuronsand even
to reconstitute the neural network may be
retained in the adult retina. We are now
exploring the exciting prospect that, by
transplanting cells from outside of the retina
or by regeneration from intrinsic progenitor
cells, it may one day be possible to restore
lost function to damaged retinas.”

So by replacing "future with optics' in
the beautiful stanza of Allama Igbal (in his
"Shamaur Shair"), we can very well say :-

" Themorningslight will palish thefaceof the sky,
And silent, the night will flee

The world of the Optics will be so very new,
That | cannot expresswhat my mind can see."

And Einstein has rightly said, "All the
fifty years of conscious brooding have
brought me no closer to the answer to the
guestion, "What a light quanta? Of course
today every rascal thinks he knows the
answer, but he is deluding himself."

So, light and eye will continue to
fascinate and challenge human intellect.

"On 20 December 2013, The United
Nations General Assembly proclaimed 2015
as the International Year of Light and Light-
based Technologies (IYL 2015), because
exactly 1000 years back in 1015, Alhazen
wrote the first book on Optics. Alhazen was
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fromMesopotamia- now in Irag. According to
Nobel LaureateAhmed Zewail: " Civilization
would not exist without light - light from our
sun and light from thefocused and coherent
lasers that have now become an important
part of our daily lives, from scanning
packages at supermarkets, to eye surgery,
andto | T communicationsacrossoceans The
International Year of Light will surely raise
awareness of these powerful discoveriesand
their present wide-ranging, light-based
technologies, which are significant
contributors to the world market. As
importantly, the I nternational Year of Light
will inspire future discoveries and
applications for one of the most important
elements of our existence : light."

It so happens that the 2014 Nobel Prize
in Physics was awarded jointly to Isamu
Akasaki, Hiroshi Amano and Shuji
Nakamurafor theinvention of efficient blue
LEDs which has enabled bright and energy-
saving white light sources. Further the 2014
Nobel Prizein Chemistry wasawardedjointly
to Eric Betzig, Stefan W. Hell and William
E. Moerner for the development of super-
resolved fluorescence microscopy. Both
awardsareinthe general areaof optics!! This
showsthetremendousimportance of opticsin
current areas of research.

Why 2015 was chosen as the
Internationd Year of Light?One of thereasons
was that 1000 years back, in the year 1015,
Ibn al-Haytham (often called as Alhazen)
wrotethefirst book on optics. Alhazens Book
of Optics (Arabic: Kitab al-Manazr, Latin:

JANUARY, 2015

De Aspecti bus or Perspectiva) had a great
influencein the deve opment of optics Robert
S. Elliot wrote the following about the book:
"Alhazen was one of the ablest students of
optics of all times and published a seven-
volume treatise on optics which had great
celebrity throughout the medieval period
and strongly influenced Western thought..."

However, mgor scientific anniversaries
to be celebrated during 2015 are

e IbnAl-Haytham'sworksonoptics(1015)

e Fresnelstheory of diffraction (Fresndl,
1815)

e Electromagnetic theory of light
propagation (Maxwell, 1865)

e Einstein's theory of the photoelectric
effect (1905) and of the embedding of
light in cosmology through genera
relativity (1915)

e CharlesKao'sachievements concerning
the transmission of light in fibers for
optical communication (1965).

Coming back to Fiber Optics, in 2009,
Professor Charles Kao was awarded half of
the 2009 Nobel Prize in Physics for
groundbreaking achievements concerning the
transmission of light in fibers for optical
communication. This is truly a very apt
recognition of an area which has touched
amost everyone. The Chair of the Nobel
Committee said "Charles Kaos discovery
made in 1966 led to a breakthrough in Fiber
Optics... and revolutionized the way in which
information can be transmitted globally.

Science Horizon =



IN1966, CherlesK a0 and GeorgeHockham
predicted that if it was possible to produce
opticd fiberswith attenuationlessthan 20 dB/
km, it could compete effectively with the
conventional communication systems; a loss
of 20 dB implies a power loss by afactor of
100. In 1970, Kapron, Keck and Maurer (at
Corning Glass in USA) were successful in
producing silicafiberswith alossof about 17
dB/km. In 1970 itself, Alferov in Leningrad
and Panish and Hayashi at Bell Labs
demonstrated room temperature operation of
semiconductor lasers; and thus started the
revolution in optical fiber communication.
However, in addition to very important
applications in communications, the optical
fiber isplayinganimportant roleinjus guiding
the light beam from one place to the other, in
medical diagnosticsand alsoinnumerousareas
with fiber based devices like Fiber Bragg
Gratings, Fiber Amplifiers and Fiber Lasers.
Fiber based sensors have aso become an
extremely important area.” Theaddressof Prof.
Ghatak thuswent on...

To put it in the words of Byron
" Could love for ever, Flow likeariver!"

And let me conclude with Danie
Colladon who after guiding light for the first
time by total internal reflection wrote:

| managed to illuminatetheinterior of a
streamin adark space. | have discovered that
thisstrangearrangement offers..... oneof the
most beautiful and most curious experiments

that one can perform in a course on Optics."

Senior Lecturer, Department of Physics
Sikshya 'O Anusandan University, Bhubaneswar
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SWITCH ON THE SUN
FOR CLEAN ENERGY

Prof. M. Goswami

Introduction

Energy is akey element in the progress
of mankind. Next only to food, man has an
insatiable hunger for energy. Without adequate
supply of energy man can't survive. In fact
man's progress in the socio-economic ladder
is intimately connected with the amount of
energy he possesses. However, our energy
inteng ve lifestylehasincreased the greenhouse
gasesin the atmosphere that has led to many
disastrous events in the world. In order to
control the climate change due to greenhouse
gas emission, it is imperative that instead of
fossil fuels, various renewable sources like
sunlight, wind, biomass and such other areto
be used to generate electricity. At present
different solar energy technologies are
available for generating electricity to meet
our daily requirement. The device in which
light energy or energy of photonsis converted
to electricity is called photovoltaic cells. The
most comsmon photovoltaic cells are made
with monocrydalline or polycrystallinesilicon.
The concept of twenty four hours power
generation using solar thermal energy is also
coming upinabigway. Indiabeingvery close
to the equator, gets near about 250-350 sunny
daysin ayear. Solar photovaltaics can make,
and have been making, an impressive
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contribution to urban as well asremote- area
infrastructural development in many parts of
India. Hence, Indids solar photovoltaic
achi evements seems to be very promising.

Plugging into the Sun

Sunisthe centre of the solar system; the
heat and light on the planetsincludingearthis
because of the radiation from sun. It isa star,
which is a large ball of burning gases. Its
energy is due to the nuclear conversion of
hydrogen into helium through nuclear fusion.
The protons liberated at the end of the last
reaction above starts reacting with each other
again. Thisishow the nuclear reactionsinthe
sun areself- sustaining. Sun converts4 million
tons of hydrogen into energy every second
which is radiated into space. The radiation
fromthe sun that isreceived on the surface of
theearthismostly ( 43%) inthevisibleregion
of the electromagnetic spectrum with some
amount of ultraviolet(UV ) andinfrared (IR )
regon, asshowninthefigurel. Thewavelength
range of sunlightisfrom 2 x 10'm (6.2eV) to
4.6 x 10°® meters (3.1eV). Wavelength ), of
theradiationisrelated toitsenergy, E, through
the equation E=hc/), , wherehisthe Planck's
congant andcisthevelocity of light. ThusUV
radiation has higher energy than visible or
infrared radiation.

Figure 1 shows the energy distribution
in asolar radiation spectrum. It is estimated
that earth receivesaround 0.012 PWWh amount
of power per square milein ayear (where P
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is peta= 10"™) and thereisroughly 200 million
square miles of earth surface including the
oceans. Thecurrent annual el ectricity demand
across the world is in the range of 16 PWh
and islikely to increase to about 36 PWh by
2030. Considering the vast area of the earth,
we get amost 20,000 times more solar energy
than our electricity requirement, for all
practical purposes. Therefore it makes a lot
of sense to harness the solar energy for our
benefit. The main advantages of solar energy
technology are:

e  Sun shines on the surface of the earth
which means, the fuel required for
generating power is free. Unlike fossil
fuelslike coal and petroleumthereisno
fluctuationsinthe price of fuelsaswell
as itsavailability.

e Mod of thesolar technol ogy based power
generators have no turning or moving
parts to wear out or break down. Hence
the system does not require much
maintenance
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e The solar power generators do not
produceany noise. Modular systemcan
be quicklyinstalled anywhere.

e There are no emissions of harmful or
polluting gases. Thisis one of the safest
ways of generating power without
polluting the atmosphere.

Evenwithsuch critical advantages, solar
photovoltaic power generating modules are
not yet used extensively to exploit the solar
radiation that the earth isreceiving. Currently
the cost of photovoltaic modules and their
installations are high. The challenge for the
technologists to find a cost effective way of
converting the solar energy into usable energy
for our applications.

Photovoltaics

When a surface is exposed to solar
radiationthreethings canhappen: theradiation
can get absorbed by the material, theradiation
can get reflected of f thesurface or theradiation
may passthrough thematerid. If theelectronic
band gap of thematerial isvery large compared
to the wave length of the incident radiation,
thentheradiation will passthroughthematerid.
However, if the band gapisin the samerange
as the energy of the radiation, then there can
be absorption by the material. Thusin order to
absorb the solar radiation, we need to use
materialsthat have the electronic band gapin
the range of the solar radiation spectrum.
Materias like silicon, GaAs, GalnP, CdTe,
Culn_,, GaSe, are a few examples of solar
radiation absorber.
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A solar photovoltaic ( PV) cell contains
a junction of two types of semiconductors
(Figure 2). The junction is caled a p-n
junction, which isformed by putting together
a p-type semiconductor layer and a n-type
semiconductor layer. Thefree electronson the
n-type and free holes on the p-type initially
move acrossthejunction. When afree electron
meets a free hole they cancel each other and
disappear in the lattice, leaving behind
oppositely charged specieson their own side.
Because of their movement, the free charge
carriers near the junction tend to eat each
other, producing a region depleted of any
moving charges. This creates a neutral zone
called thedepl etion zone. Any freecharge that
movesinto the depletion zone find itself in a
region of no charge. Locally the free charges
seealot of positivechargeson then-typeside
and a lot of negative charges on the p-type
side. These exert a force on the free charge,
pulling it back to its own side of the junction
away from the depletion zone. Once the
depletion zone forms, the negative charge of
the p-type semiconductor's extraelectron and

= Science Horizon



thepogtive chargeof then-typesemiconductors
extraholetend to keep the depletion zonefree
of free charges. A free charge now requires
some extra energy to overcome the forces
from the donor/acceptor atoms to be able to
cross the depletion zone and go over to the
other side of thezone. Thejunction actslikea
barrier for any chargeflow acrossit. Thefree
chargecarrierscan pick up the extraenergy in
the form of photons from a light source or
voltage from an electrical circuit depending
on the properties of the materials used to
make the junction. It is now clear that for
photovoltaic application there is a need to
have material sthat absorb sola radiation. Such
absorption of radiation provides the extra
energy for the charge carriersto move through
the depletion zone. The free charge carriers
wouldthen becollected by electrical conductars
for application in the external circuit.

The voltage produced in asinglecell is
not sufficient for most of the applications. An
array of 36 cellsis put together in the module.
For larger applications, many such modules
are connected in seriesand parallel to obtain
the right power output. The output from the
modulesisdcinnature. Aninverter and other
electronic control systems are needed to use
the power from these modules (Figure 3).

Regardingthe materialsat thecell level,
the PV cellsthat are being used can be broadly
categorised intotwo groupsbased onthebasic
material that isused to makethecells. They
are silicon and non- silicon based PV cdlls.
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Figure-3: Componetsof a Solar Photovoltaic system.

Solar Thermal to Electricity

The concept behind the usage of asolar
thermal system is quite ssimple. The solar
energy isdirectly collected and converted to
electricity using a heat to €lectricity
conversion device. Somekinds of heat engines
or thermoelectric converters are the most
common devicesthat are used. The heat from
the solar radiation is concentrated on to a
heat transfer fluid. In some cases water is
directly heated using the solar radiation that
Is converted into steam. In more advance
systems, synthetic oil isused asaheat transfer
fluid that produces steam from water. The
steam is expanded in a Rankine cycle and
finally convertedto electricity. The efficiency
of conversion depends on factors like the
temperatureand pressureof the steam. Higher
the temperature and presaure, higher is the
efficiency of conversion into electricity. In
order to increase the temperature and pressure
of thesteam, the temperatureof the heet tranger
liguid needs to be higher. Hence more heat
fromthesolar radiationwill havetobefocussed
on the fluid. This brings in a requirement to
design the solar radiation concentrators.
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Unconcentrated solar radiation can heat
the fluid upto 200°C which is enough for
heating water and room space in domestic
applications. Concentrati ng solar radi ation onto
asmall area using a parabolic trough or dish
withmirrored surface can producetemperature
in the range of 400-650°C. A schematic
diagram of a solar thermal steam producing
system is shown in Figure 4.

Solar Thermal 4
Panel N

Hot Water
Usage

t

b g

Figure-4: Schematiclayout of different component
of a Solar Thermal System.

Somemateriaslikethesaltsareusedin
moltenformto storethe heat. A 19.9 MWsolar
thermal power plant has been set up in Spain
(called Gemasolar Power Plant) over a 185
hectare area. This plant uses an array of
2650mirrorsto reflect light onto atower top
that is 140m high (Figure5).

The solar radiation heatsup the saltto a
temperature higher than 500°C and the molten
saltsare stored in special thermally insulated
tanksthat can preservethe temperature of the
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Figure5: Gemasolar Power Plant in Spain.

salts. Themolten salt (amixture of sodiumand
potassium nitrates) is then used to generate
steam and run steam based turbinesto generate
electricity at any timeof theday. Itisestimated
that Gemasolar will generate about 110 GWh
of electricity per year reducing 30,000 tons of
carbon dioxideemissionand can power 25,000
homes. Thus, thisis the first round the clock
€l ectricity generation stetion using solar power.

Indian Scenario

The geographical location of Indiais
guitefavourable to take the advantage of solar
radiaion. Theaverageg obal radiaion received
iIsaround 4.5 -5.5 KWh per square meter per
day in most part of the country (Figure 6).

With about 250 - 300 clear sunny daysin
ayear inmost part of the country solar PV can
be judiciously used to meet substantial part of
our ever-increasing energy demand. On an
average, an Indian house in urban location,
with all its modern gadgets, consumes about
250 - 400 KWh electricity per month. Even
with partial roof area coverage, it is possible
to generate enough power to run house hold
electricity demand. In rural and unaccsessible
places electricity needs can be achieved by
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Partsof Rajastan, Gujarat and Kashmir receilve mor eradiation than therest of the country.

setting PV modules on roof tops of houses or
even solar parks near villages. This would
ensurethe saving of cost on establishment and
maintenance as well as transmission and
distribution of energy. Attempts are made to
use the solar PV modules to power the
irrigation pumpsinremoteareas. Government
of Indiaisgiving certainincentivesinterms of
tax and customsduty benefitsto encouragethe
manufacturers of solar modules. Inthesilicon
solar PV area, India is the second largest
manufacturer in the world and 67 % of the
manufactured solar PV modulesare exported.
Ministry of New and Renewable Energy has
initiated the Jawaharlal Nehru National Solar
Mission (JNNSM) under thebrand'Solar India
to encourage Research& Development
(R&D), manufacturing and investment in the
area of solar technology. The mission of this
schemeisto set up20,000 Mw grid- connected

power generation capability and off-grid
capability of 2000 Mw by 2022. Asof March
2014, about 2600 Mw capacity power plants
have been installed around the country.

Solar Thermal Power generating plants
are not yet set up in the country. Thermal
systemsmainly for water heatingand cooking
have been in use extensively all over the
country. In Mount Abu ( Rgasthan) a solar
steam generating system comprising of 6
dishes with 16 sg. mareaeachisset upfor use
in kitchens, laundry, sterilization, etc.
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LED LIGHT: BENEFITS AND HAZARDS.

Eco-friendly (lighting emitting diodes)
LED have been touted as a super- efficient
aternative to traditional bulbs because they
use up to 85% less energy and each bulb can
last up to 10 years. Philips, theworld'sbiggest
lighting maker, reported 58% jump in LED
light salesfrom last year. However, a Spanish
study has shownthat thelight emitted by LED
bulbs can damage the cells in the retina by
causi ng oxidativestress Theunpleasantly ‘cod
light'isreported to have caused symptoms of
itchy skin and headaches. A publicationinthe
journal of "photochemistry and photobiology
clamsthat LED radiation causes significant
damage to human retinal pigment epithelial
cells. The light from LEDs, comes from the
short-wave, highenergy blueand vid et end of
thevigblelight spectrum. They haveal so been
blamed for the changing hues of masterpieces
in the galleries. Incandescent bulbs are being
phased out infavor of low-energy alternatives
such as CFLs, but there are concernsabout the
safety of the new generation of so -called
‘environmentally friendly' lighting.

The LED headlights in cars trigger
migraine. Light flashes from emergency
vehicles at night, can cause seizure in some
people. The electromagnetic spectrum ranges
fromlow- frequency wavessuch asrado waves
(TV signals), microwaves, infrared (cable TV),
and high frequency ultraviol et to X-rays(used
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for medical images) and gamma radiation
(which kills cancer cells). Unlike sunlight,
however, the LEDslightisnotintenseenough
to damage someone's eyes. Only ultraviol et
and higher frequencies can cause damage.

Thebluewavelength light isperceived as
being dangerousto theretina. Damage can be
caused if one experiences extremely intense
blue light for an extended period of time. It
can cause eye strain, Computer vision
syndrome- headaches, dizziness, and soreeyes.
Eyeshaveaphysical barrier to thespectrum of
light. The light passesthrough the corneaand
thelens which absorb much of thelight. Aswe
age, peopledevel op cataractson theirlensand
thisis another of nature'sways of preventing
the blue end of the spectrum of light from
coming into the eyes.

The "whitelight" LED emitsmuch more
blue light than conventional lamps, as a
consequence it has number of headth
implications. Cumulative exposuretobluelight
accelerates aging of the retina and possibly
play an etiological rolein AMD (age-related
macular degeneration). LEDs are expected to
becomethe primary domestic light sourcesin
the near future. Illuminance levels of LED
domestic light sources have induced retinal
degenerationin albino rats, the exact risksfor
the pigmented human retina require further
study. The light emitting diodes that are to




replace incandescent lamps could be harmful
to the skin and eyes. Having discussed the
benefitsand hazards of LED, abrief history of
lightingisin order.

Thetraditional light bulbs have been used
for many years. The halogen lampsthat came
later contain a gas inside the tube that makes
the light much brighter- and lamp more
efficient. The fluorescent lamps keep the gas
at low pressures and produce brighter light.
Solid statelighting devicessuchasLED anew
technology arethe main artificial light source
of the future.

History of Lighting

Ancion] egyptines  Wiliam Merdoch  Thomas Edson  Thayer, Goorge inman  Edward E Hammer  Nick Holomyack

1800 1810 1879 1934 1978 2006 ’
Candle y u
Oil gas lamp  |5candescent o ¢

The2014 Nobel Laureates| samu A kasaki

Hiroshi Amano and Shuji Nakamuraof Japan
invented this new energy-efficient and
environmental- friendly light source for the
greatest benefit to mankind. LED lamps emit
a bright white light, long lasting and energy
efficient. Since about one fourth of world
electricity consumption is used for lighting
purposes, the LEDs last up to one lac hours,
compared to one thousand for incandescent
bulbs and ten thousand hours for fluorescent
lights which will save Earth's resources. Red
and green light-emitting diodes have been with
usfor almog half a century, but bluelight was
needed to realy revolutionize lighting

Tube lght LED-white

JANUARY, 2015

technology. Only the combination of red,
green and blue produce the white light. It is
worthnotingthat in LED electricity isdirectly
converted into light particles, leading to
greater efficiency gains compared to other
light sources where most of the electricity is
converted to heat and only a small amount
into light.

The LEDs do not contain the harmful
mercury vapor/dust that come from
incandescent and other sources in polluting
our water supplies and homes. Many home
appliances are equipped with LEDs. They
shinetheir light on LCD screensintelevision
sets, computers, mobile phones and camera.
Greenhouse cultivation and sterilization of
polluted water isalready areality. It improves
the quality of life for more than 1.5 billion
people of the world who currently lack access
to electricity grid and will benefit from the
use of LED lighting.
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CHANDRASEKHAR VENKAT RAMAN
AND HIS RAMAN EFFECT

With thegreat discovery of theso called
Raman effect by Chandrasekhar Venkat Raman
in the year 1928, for which the Nobel
committee decided to associate his name by
awarding him the Nobel Prize for Physicsin
1930; India shot into prominence as aland of
scientific culture. To speak the truth, his
contribution to science is much more than
winningtheNobd prize. Real evduaionof his
work should be madein termsof hisresearch
pursuit in spite of the heavy odds of the Indian
L aboratories of histime.

C. V. Raman graduated in science from
the presidency College of Madras, when he
was only sixteen years old and obtained his
master'sdegreein Physicsin 1907 at nineteen
years. Born in a Tamil family of Madras
presidency in 1888, hebreathed hislast inthe
year 1970. Heworked asaProfessor of Physics
in Calcutta University from 1917 to 1933,
during which period ateam of research students
worked under hissupervision onthe scattering
of light inthel ACS(IndianAssociationfor the
Cultivation of Science). He was awarded the
Nobel prize for his work on the scattering of
light and the discovery of Raman effect. In
1933 heleft Calcuttatojointhelndian Inditute
of Saenceat Bangal ore (now called Bengal uru)
as Professor becoming the Director of the
Research Inditutein 1948which bearshis name.
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Raman effect belongs to the scattering
of light in the visible range which helps in
determining the structure of amolecule To be
more specific, if amonochromatic light beam
(i.;e. alight beam of single colour) of frequency
v, emitted through a transparent medium
(mainly liquid, but gaseous or solid medium
also will do) is analysed by a spectroscope,
one would observe less bright secondary
spectral lines on either side of the original
spectral linewith afrequency shiftof v,,. This
phenomenon is known as Raman effect.

Duetothisshiftfacter v, , thefrequency
of the secondary spectral line on one side of
theoriginal areof frequency V, getsenhanced
to v, +v,,. The opposite thing happens on the
otherside of the original spectral line with
frequency v, - v,,. Thesechangesin frequency
and the relative intensities of brightness are
not the characteristic of the source that emits
the original light beam, but of the medium
through which the beam is getting scattered.
The spectral lineson thelower frequency side
are called the stokes lines and on the higher
frequency side, the antistokes lines. If the
intensities of these lines are denoted
respectively by Is and la, Raman proved
theoretically, which was also experimentdly
verified, that Ig/lg=exp(-hv/KT). The
exponential term on the right side of the
formulawas further reminded of thistermin
Planck'sformulafor black body radiation.




According to quantum theory, Raman
effect is a consequence of the collision
between the photons of the incident light of
energy hv, and the material particles of the
mediuminoscillatory or/and rotatory motions.
The well known Physicist R.W.Wood of that
timesaid that Raman effect provided as strong
aproof asthe photo-electric effect of Einstein
in support of quantum theory. Though wood
was less known to the mathematica
community, itisworthwhileto know that Niels
Bohr had proposed his name for the Physics
Nobel prize jointly with Raman in 1930 and
also for the previous year's prize.

Incidentally Smekel had predicted the
existence of Raman's spectrum in 1923, but
had not been ableto provehisclaim. Nid Bohr
said that Raman's achievement was a rare
combination of classica and the quantum
techniques of Physics. Raman essentialy
followed classical methods in analysing the
different phenomenon of oscillationsof nature
whether inthetheory of opticsorinaccoustics.
Hedisagreed with Rayleighwhen heexplained
the blueness of the Mediteranean seathrough
the theory of blueness of the sky. Raman
appliedto thediffractionof lightthe Einstein-
Stochastic Theory of
fluctuations and the attendant correlations. In
thiseffort hewas supported by his callaborators,

amongst whomwasK. S. Krishnan.
[ ]
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ENERGY METAL THORIUM
Er. Mayadhar Swain

We get electricity from conventional
sources as thermal power, hydel power and
nuclear power. Nud ear power isaclean source
compared tothermd power. Intheworld today
about 16% of electricity is available from
nudear power plants. Thefud of nudear power
isuranium. But thisisscarcely avalableinthe
Earth and so nuclear power isnot devel oped as
expected earlier. Another metal from which
nuclear power can be generated is thorium.

Nature

Thoriumisanaturally occurring, slightly
radioactive metal. . It was discoveredin 1828
by theNorwegian mineralogist Morten Thrane
Esmark and identified by the Swedish chemist
Jons Jakob Berzelius and named after Thor,
the Norse god of thunder. Esmark found a
black mineral on Lovoyalsland, Norway and
gave a sample to his father who was a noted
minorologist. His father could not identify it
and sent it to Berzelius. Its atomic number is
90 anditssymbol isTh. It existsin natureina
single isotopic formi.e. Th-232.

When pure, thorium is a silvery white
metal that retainsitslustrefor several months.
However, when it is contaminated with the
oxide, it lowly tarnishesin air, becoming grey
and eventually black. Thoriumdioxide(ThO,),
also called thoria, has one of the highest
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melting points of all oxides (3300°C). When
heated inair, thoriummetd turningsigniteand
burn brilliantly withawhitelight. Purethorium
issoft, very ductileand can be cold-rolled and
drawn. Thorium is slowly attacked by water,
but does not dissolvein most common acids,
except hydraulic acid.

| sotopes

Thorium has 27 radioisotopes with a
range in atomic mass from 210 to 236. The
most stable isotopes are Th-232 (half-life of
14.05 billion years), Th-230 (half-life of
75380years), Th-229 (half-lifeof 7340years)
and Th-228 (half-life of 1.92 years). All the
remaining isotopes have half-lives that are
less than 30 days and the majority of these
have half-livesthat areless than ten minutes.

Sour ce

Thorium is found in small amounts in
most rocks and soils. It is three times more
abundant than uranium. The most common
source of thorium isthe rare earth phosphate
mineral, monazite. It contains up to about
12% thorium phosphate, but 6-7% on average.
World monazite resources are estimated to
be about 12 million tonnes, two-thirds of
which arein heavy mineral sand deposits on
the south and east coasts of India. There are

substantial depositsin severd other countries.
Estimated world thorium resources which

can economically be exploited are given in
the following table.
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Estimated World Thorium Resources

Country Thorium % of
Reserves (Ton)| total
Austrdia 489,000 19
USA 400,000 13
Turkey 344,000 11
India 519,000 21
Venezuda 300,000 10
Brazil 302,000 10
Norway 132,000 4
Egypt 100,000 3
Russia 75,000 2
Greenland 54,000 2
Canada 44,000 2
SouthAfrica 18,000 1
Other countries 33,000 2
World total 2,810,000 100

Thorium as a Nuclear Fue

Inanud ear power plant, energy isproduced
by nuclear fission of uranium. Nuclear fission
Is the breakup of a nucleus into two sizeable
fragments. For example, Uranium-235 (U-
235) is readily fissionable by slow neutron
producing krypton andbarium. Thereactionis:

235 — 89 a4 1
U+ 0n1 =  KIr¥ + 56Bal +3,n

Duringthebresk up,3 neutronsarel iberated.
Theseneutrons areusedto fiss on other uranium
nuclel what is then formed a chain reaction.

Thorium (Th-232) is not itself fissile
and so is not directly usable in a nuclear
reactor. However, upon absorbing a neutron,
it transmutesto Uranium-233 (U-233), which
isan excellent fissile fuel material. Hence to
usethorium as nuclear fuel, itisrequired that
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Th-232 is first irradiated in a reactor to
provide the necessary neutron dosing. The
U-233 that is produced can either be
chemically separated from the parent thorium
fuel and recycled into new fuel or be used
in-situ in the same fuel form.

Itispossibleto designthoriumfuel sthat
produce more U-233 in nuclear reactor than
the fissile material they consume. Hence the
technology is often called breeding and the
reactor is known as fast breeding reactor.

Advantagesof Thorium asNuclear Fuel

The advantages of thorium as nuclear
fuel compared to uranium are given below:

1. Weapon-grade fissionable material
(U-233) is harder to retrieve safely and
clandestinely from a thorium reactor.

2. Thorium produces 10 to 10000 times
less|ong-lived radioactive waste.

3. Thorium mining produces asingle pure
isotope, where as the mixture of natural
uranium isotopes must be enriched to
functioninmost commonreactor desgns.

4.  Thorium can not sustain anuclear chain
reaction without priming, sofission stops
by default inan acceleraor drivenreactor.

India's Plan for Thorium

India has huge resources of easly-
accessible thorium (especidly inthe monazite
sandsin K eralaand Odisha), one of thelargest
intheworldandrelatively littleuranium. With
much restriction on import of uranium, India
has planned to use thorium in abig way. The
nuclear power program of India has been
planned in three stages.
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Stage-|

Power is generated in thermal reactors
using natural uraniumasfuel withheavy water
asmoderator. Natural uranium contains0.7%
of U-235, the fissile material and balance is
mostly U-238 which is not fissile. But some
U-238 absorbs a neutron and is converted to
U-239 which then transforms to plutonium-
239 (Pu-239) by successiveradioactive decay.
Pu-239 does not occur in nature.

Stage-1

Pu-239isfissionableand can beusedin
plutonium-based reactor to produce el ectricity.
Th-232will beputinthe plutoniumreactor and
on absorbing one neutron; it turnsinto U-233.

Stage-111

U-233will beusedinthethird generation
advanced heavy water reactor. Fed withthorium,
this U-233 breeder would produce power and
cook up more U-233. 75% of power will be
from thorium.

India has a 40 MW Fast Breeder Test
Reactor at Kalpakkam in which ThO, is
irradiated, producing U-233. India currently
envisages meeting 30% of its electricity
demand from thorium by the year 2050.

Other uses of Thorium

Whenheatedinair, thoriummetal turnings
ignite and burn brilliantly with a white light.
Because of this property, thorium is used as
light bulb elements, lantern mantles, arc-light
lamps, welding electrodes and heat-resi stant
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ceramics. Glass containing thorium oxide has
ahighrefractiveindex andisusedinhigh quality
lensesfor cameras and scientific ingruments.

Thorium is a component of the
magnesiumalloy series, calledMag-Thor, used
in aircraft engines and rockets and imparting
high strength and creep resistance at high
temperature. Thoriumisalsousedinitsoxide
form in gas tungsten arc welding to increase
the high-temperature strength of tungsten
electrodes and improve arc stability.

Nud_ ;;gr?ént
Conclusion

Canada, Germany, India, the Netherlands,
the United Kingdom and the United States of
Americahave madeexperimentsusing thorium
asasubstitute nuclear fuel in nuclear reactors.
There is a growing interest in developing a
thorium fuel cycle due to its safety benefits,
absence of non-fertileisotopes, and its higher
occurrence and avallability when compared to
uranium. India'sthreestage nuclear programis
possi bly themost well-known and well-funded

of such efforts in the world.
| ]
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RICE STRAW -ANALTERNATE
ENERGY SOURCE FOR
RURAL INDIA

Prof. GopendraKishoreRoy

Out of the different power generation
routes, thermal power from coal, gas and oil
accountsfor about 70% of total generation. In
addition, the burning of the fossil fuels is
associated withtherel ease of solid (particulate
matter) as well as gaseous pollutants (toxic
and green house gases) which are potential
threat to our environment. However, an ever-
increasing demand of the society for energy
against the backdrop of rapidly-dwindling
reserves of nonrenewable fossil fuels, has
necessitated the hunt for alternate and
renewabl e energy sources.

Rural India energy scenario- A few
‘hard facts':

e  About 70% Indianslivinginrural areas
continue to use animal dung,
agricultural wastes and fire wood as

fuel for their cooking.

e The thermal efficiency of the above
traditional sourcesused in conventional

heating appliances (chulhas) is as low
as 15%.

e Concentration of particulates in
householdsburni ng biomassis2000ug/ny,
which is much higher than the
permissible limit of 150ug/ms3.
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e  For domestic lighting 55% of the rural

households depend on electricity and
the balance on kerosene.

e Use of traditional fuel is estimated to
cause around 400,000 premature annual
deaths due to various respiratory
problems.

Domestic wastes, which include
agricultural waste and other biomassgenerated
in rural households can be a potential source
for energy.

Rice Straw: A potential energy source:

After Ching Indiaisthelargest producer
of paddy. In 2011-12,India produced about
105 million tons of paddy with nearly 140
million tons of paddy straw. Of the straw
produced, about half isused asanimal fodder.
While a small amount is consumed in brick
kilns, mushroom cultivation, paper and
packaging industries, the rest is mostly burnt
in the fields. For example, Punjab, which
contributes about 60% of the total rice
production of the country burns nearly 12
milliontonsof ricestraw inthefield per year.
A recent satellite image released by NASA
showing millions of hectares of field across
Punjab covered with fire and smoke received
international attention. Burning of rice straw
emits gases like carbon dioxide, methane,
carbon monoxide, nitrogen oxide, sulphur
oxideand largeamount of particulae matters,
which adversdy affect human health aswell as
the environmert.
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Composition of rice straw:

Constituents Amount%
Cedlulose 43-49
Hemi-cellulose 23-28
Lignin 12-16
Ash 15-20
Silica 9-14

Calorific Value: 15.2-17.5KJKg.
Power generation from rice straw:

At present, a good amount of rice straw
isusedintherural householdfor cookinginthe
traditional appliances (open chulhas) where
hardly 15% of the heat contentisutilized. The
effective utilization of thepotential heat of the
ricestraw can beachieved throughpower generation.

Thereare primarily two different routes
to generate power (electricity) fromricestraw;,

(i) By converting it into briquettes (also
called 'White coal or 'Bio-coa')

(i) By direct firing

Power generation from rice straw
briquettes ;

Briquettes are high density solid blocks
formed out of looselow density straw through
the process of briquetting. A power driven
press raises the temperature and pressure of
the fine piecesof straw to 120°C and 150 Mpa
respectively thereby making the lignin of the
straw to melt. Theliquid ligninbinds the fine
straw pieces and when cooled re-solidifies
binding the materials to uniform solid
briquettes(Fig.-1).
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Fig.1: straw briquettes

Briquettes are easy to store, transport
andfire. Inaddition, thesearecleanertohande
and contribute less to the air pollution
compared to direct burning of the straw.

The straw briguettes can be used for any
typeof thermd appli cati on like steam generation
in power plant boilers directly or by the co-
firingtechnique, whereaportionof thecoal in
an existing power plant furnaceis substituted
by straw briquettes. Recently, the Ministry of
New and Renewable Energy has issued
directiveto use up to 20% mix of coal tofire
biomass plants (using briquettes of straw or
other biomass) thusallowingthemtorun during
off-cycles for agro-wastes like straw etc.

Powea generationbydiredt firing of straw:

In adirect combustion system, biomass
isburned inacombustor or furnaceto generate
hot gas, which isfed into a boiler to generate
steam to be expanded through asteam turbine
or steam engine to produce mechanical or
electrical energy (Figure-2).
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Fig.-2: Direct straw ( bio-mass) combustion steam-
turbine- system of power generation:

Small-scale (100 to 1,500 kW) steam
engine/gen-sets and steam turbines (100 to
5,000kW) that arefueled by solid biomassare
currently availablein Europe.

In India, the pioneering work in this
direction has been done by Punjab Biomass
Power Limited. A 50:50j0int venture between
Bermaco Group (a supplier of boilers and
other power plant equipments) and Gammon
Infrastructure Projects Ltd, has completed a
12MW plant near Ghanaur villageinthe Patiala
district of Punjab with paddy straw asfuel. The
feeding of the fuel is by along belt conveyor
after the shreddingof thestraw to small pieces.
An electrostatic precipitator ensures minimal
atmospheric pollution.

Bermaco-Gammon plans for nine more
similar projects in Punjab, six in Haryana.
Bermaco Group aso plans for 26 units in
Bihar to be followed by a series of more
projects in other states in different joint
ventures with power trading corporation and
other corporate bodies. Bermaco is planning
to set up 20 biomass plants generating about
300MW duringthe next threeyears and about
1000MW during the next six years. Locating
biomass-based power plantsin rural areas of
most of the districtsin Indiawill be of direct
benefit to the rural communities.
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Conclusion:

Energy sufficiency or energy security,
Is, of paramount importancefor the economic
development of a country. While adequate
steps have been taken to cater to the ever-
increasing energy need in keeping with the
changed quality of lifeof theurban populaion
and that of the industrial sector, the energy
security of rural India has so far not been a
very significant concern to the planners and
economists Forabalanced economic devd opment
of the country and improvement of the quality
of lifein the rural sector, proper attention is
warranted towards theenergy scenario of rural
India. In view of the huge tonnages of agro-
resdueslikericestraw availableinthecountry,
medi um-si zed bi omass-based power plantscan
quickly augment our power generating cagpadity
in most of the rural areas thereby offering a
viable solution to the rural energy security in
the near future.
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ATOMIC ENERGY
AND RADIATION :
MYTHSVS. REALITIES

RajataKumar Mansngh

Atomisthe smallest possible particle of
an element with adiameter of the order of ten
billonth part of a metre. Each element hasits
own characterigic atoms. Just asawall isbuilt
of bricks or stones, hillions and hillions of
atoms make matter. All living and non-living
things are made of matter.

In 1896, French physicist Henry
Becquerrel discovered radioactivity of
Uranium salts by its effect on a piece of
unexposed photographic film. Later in 1897
Marie Curie and her husband Pierre Curie
succeeded in isolating two more radioactive
elements Polonium and Radium. Energy
coming out from a radio-active source is in
the form of a radiation. Radioactive atoms
emanateradiationtermed asNud ear Radition.
The three main types of radiations emitted by
radioactive substancesarealpha(« ) rays, beta
(B) raysand gamma( v ) rays.

Exposure to radio-active sources, and
medical X-rays delivers a large dose. Those
working in the nuclear industry, coa miners
and X-ray technicians etc. subjected to such
exposures may higher risks than the general
public. Therefore it is strictly regulated by
government exposure limits and monitoring.
The effects depend on the levels of exposure
andthe period of time over whichtheradiation
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isreceived. We can broadly classify exposure
levelsaslow, moderate and high. Each one of
usisexposed to naturd radiationwhichcan be
classified at alow level. The medium level of
exposure is up to about 100 timesas much as
the natural one and the levels of exposure
beyond these can be classified as of high
levels. Exposures at moderate and low levels
over long period of time cause only delayed
effects. Appearance of cancer is the most
important among these. We now know that
cancer can be caused by many thingsincluding
the varioustoxic chemicalsalways present in
theair we breathe, thewater wedrink and the
food we eat. There is no clear evidence that
cancer iscaused by lower doses. Thestatistical
dataavalableprovideno definiteevidenceand
the interpretations vary. The absence of clear
indications arises because there are many
different causes of cancer. Yet to be on the
safeside, it isalwaysassumed that cancer can
appear due to low level of exposures and
necessary radiation protection measures must
be taken. Exposures at high levels received
over a short period of time produces
immediate symptomslike nauseaand vomiting
but thereisno threat tolife. But asdoselevels
increase, the chances of recovery diminish.
Thelevelsthat canleadtolossof lifeare about
1000 times greater than the low levels of
exposure as found in Nature.

Major public perceptions leading to
concerns about nuclear energy is based on
four wide spread myths, needsto be answered
andexpl a ned carefully whichisquitechd lenging.
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e  Thefirst mythisthat; 'Nuclear reactors
arelikdy tobreed weapaons haslittle foundation
in experience. Thefirst five countriesto build
Atomic bombs did so before moving to
electricity generation through nuclear power
reactors. Thus, technically speaking, power
reactors were and are not necessary
intermediae steps for making nudear bonb.

Thefear of nudear proliferationissimply
misplaced in the global warming debate.
Currently maximum carbon emissonisfound
Incountrieswhich havenud ear weapons Thus,
amost every where the reduction in carbon
emission could yield important benefits for
climatic protection. Proliferation is not even
an issue in this context.

e The second myth is that; 'A nuclear
power plant itself islike abomb which, in case
of an accident, can explode and release fatal
doses of radiation'. These fears are based on
the collective memories of accidentsat Three
Mileslsland and Chernobyl.

The simple truth about the accident at
Three Miles Island is that public health was
not at all endangered. The only outside effect
was an inconsequentia release of radiation
which was negligible when compared to
natural radiation in the atmosphere.

The Chernobyl accident was a tragedy
with serious human and environmental
consequencesbut we must remember that even
this accident involving massive release of
radiationdid not result in anything so muchas
to be comparable to an atomic explosion.
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e The third myth is about the question
of Nuclear Waste and its Management. Asper
the myth, nuclear waste is an insoluble
problem a permanent and accumulating
environmental hazard.

On the contrary, it is the fossil fuel and
not nuclear power that presents an insoluble
waste problem. This has two aspects. Oneis
the huge volume of waste products, primarily
gases and particulate matter. Another is the
method of disposal which is dispersion into
atmosphere. None of the above two problems
seems recoverabl e through technol ogy.

e  Thefourth myth isabout radiation and
any thingassod ated withit. No doubt, exposure
tolarge dosesof radiation can be dangerousas
they may causetwo typesof biological effects
I.e. Somatic effect and Genetic effect.

Toxic chemicals released from chemical
and petrochemical industries, coal fuelled power
stationsand burning of firewood and cow dung
can also cause similar biological effects.

Weliveinanaturally radioactive world.
We are exposed to radiation from the sun and
outer space, also fromthe naturally occurring
radioactive materials present in the earth, the
housewelivein, thebuildingswherewework,
the food and drink , we consume. There are
radioactive aerosols and gases in the air we
breathe; and even our own bodies contain
naturally occurring radioactiveelements. This

IS inescapable.
|
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PLANNING AND MODELLING
FORENERGY-EFFICIENT
BUILDINGS

Utkal Ranjan M ohanty

Planning is the process for developing
an unique system and ideal approach to fulfil
apredefined goal and objectiveson the basis
of assesing the present scenario. It is meant
for betterment which can bethe strengthening
of resourcebase, efficient resource utilization
and fulfilment of human needs. On the other
hand, modelling is the process of generati ng
abstract, conceptual, graphical or
mathematical models of an event. Modelling
IS an essential and inseparable part of all
scientific activity, and many scientific
disciplineshave their own ideasabout specific
types of modelling. There is an increasing
attention for modelling in fields such as
philosophy of science, systems theory and
knowledge visualization. Traditionally, the
formal modelling of systems has been via
mathematical model which attempts to find
analytical solutions enabling the prediction
of the behaviour of the system from a set of
parameters and initial conditions.

Meeting the energy access, challenges
and ensuring lifeline supply of clean energy
to all, requires planning in capacity building
and upply. Thechdllengeistoensure cog-effective
energy supply at the same time conforming to
norms set for minimizing global warming.
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Therefore, a precise estimate of demand is
important for the purpose of setting tariffs.

In the present situation, many buildings
even during the day (when there is sunshine)
need to switch on the lights, whichiswastage
of energy. The buildings also require alot of
cooling for comfort. If the buildings are
designed for north south orientation and glare
free daylight with appropriate shading devices
thatwoul dreducealot of energy requirmernt inthe
buildings and aso if the predominant wind
direction is taken into account while planning
for buildings, then thiswould reduce a lot of
lighting and cooling requirement of the
building. Besides, if the building walls are
properly insulated thiswould a so reducealot
of cooling requirement.

Each and every building should beahub
of innovation and fol low energy efficient norms.
The building should be aesthetically designed
with several features of passive solar design,
energy-efficdency andwater and waste manegement
systems. Some detailed outlines of the
different energy conservation measures that
should betakenat any building; areasfollows.

i. Passivesolar design
li. Glare-freeday light
iii.  North South Orientation

iv. ~ Minimum windows on East, West &
South facades

v.  Shadingdevicesonthepredominant wind
direction should be taken intoaccount
in designing the open space.
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Ener gy-efficient-lighting and day light

integration

I.  Recess mounting luminaire fitted with
CFL for task lighting.

ii.  Surface mounted single/twin horizontal
mounting CFL down lighter for task
lighting and common areas.

iii.  Highlumen output and controlled Light
distribution.

iv.  Fitted with mirror optics reflectors and
baturing louvers for glare-free uniform

I lumination.

v.  Energy saving electronic ballast should
be used properly.

vi. Lighting load can be reduced from 2W/
sgft to 1W/sqft.

vii. Wheredaylightisavailable fixtures may
be fitted with continuous dimming
electronic ballast. Thesefixturesmay be
controlled by light sensors.

viii. Inareaswith non-uniformillumination,
occupancy sensors should be installed.

iX. Overall energy saving potential is 70%
approximately.

Thermal Insulation of Walls :

Use of efficient double glazing window
units hel psignificantly the heat gained through
window glazing in the summers and the heat
lost in the winters without compromising on
the day lighting integration and the levels of




visual comfort. The walls that are exposed to
theharsh solar rayshaveastonecladdingwhich
Is fixed to the wall by channels. The air gap
betweenthewadl and thestone cladding by itsd
actsasaninsulation layer. Onthefacadesrock
wool insulation is also provided in the wall.
Energy efficiency is further proposed to be
enhanced by insulation in the roof dab. The
campus should be equipped with three types of
cooling systems;

(@) Variable refrigerant system volume
(VRS) system - Thismoderntypeof Air
conditioning system which issimilar to
asplitACishighly efficient under partial
loading conditionsand beneficial to areas
with varying occupancy. It alows
customized control of individual zones,
eliminating the use of chilled water
pi ping, ducting and pi ping room.

(b) EarthAir Tunnel (EAT) - The EAT can
be used in rooms which uses the heat
sink property of the earth to maintain
comfortable temperatures inside the
building. Theair that passesthroughthe
buried pipes gets cooled in summer and
heated in thewinter. Depending uponthe
severity of the climate, supplementary
system can be used. This gives energy
saving of approximately 50% as
compared to conventional system.

(c) Thermal Mass Sorage(TMS) - TMS
involves storing energy when available
and using when required. Here cooling
of thermal mass is done during night
hours. Thisthermal massis used to cool
ar in day time. This system gives an
energy saving of almost 40%.
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Water Management :

Buildings should be provided with low-
flow fixtures such as dual flush toilets and
sensor tapsfor both savingenergy & water. This
would result in 25% saving in water use.

Wage Water Utilization :

Treatment of waste water generated from
biological process is done by a combination
of micro-organismsand bio-mediafilter. Low
area also requires construction of thistype of
treatment plant. Treated water meets the
prescribed standardsfor land scapeirrigation.
Ontheother hand, very low energy consunmption
IS needed for operation of treatment plant.

Rain Water Harvesting :

Rain water run-off from roof and the
sidewill be used for recharge aquiter through
(i) Enhancethesugdainableyiddinareaswhere
over-development has depleted the aquifer
(i) Conservation and storage of excess surface
water for futurerequirementsand (iii) Improve
thequdity of existingground water by dilution.

|
District Coordinator, NGC & DES, Jagatsnghpur,

E.Mail: utkalranjanmohanty@gmail.com
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GLOBAL CLIMATIC CHANGE AND ITS IMPACT ON THE SEA-LEVEL

One of the magor concerns of the
scientific community and the government
agenciesisthe present 'Climate change' and its
impact on the earth that has direct societal
bearing and could last till the ongoing century
and beyond. Scientific derivationshas proved
that the atmosphereisrapidly getting warmer
to theextent of temperaureriseby 1°C (18°F)
during the last 100 years. This change has
followed theend of another recent cold period
known as the "Little Ice Age" in the 19th
century. Consequent to thisglobal atmospheric
raise in temperature the sea-level has been
rising about 1 to 2 millimeters per year. This
rise of sea-level isascribedto thereductionin
volume of ice caps, ice fields in the polar
region, and mountain glaciers in addition to
the thermal expansion of ocean water.

Several model shave been worked out to
decipher therise of temperature by another 50
or 100 years but there is no unanimity in
projection by which the temperature rise is
expected within the above time frame. The
models and projections by IPCC (Inter-
governmental Panel for Climate Change) are
widely referredto Figure-1 and 2 although not
freefrom generding debates. The exponential
rise in atmospheric temperature undoubtedly
relegated to the factor of emission of carbon
dioxide due to the factorsrelated to industrial
growth and vehicular movement.
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Figure-2 Sea-level changesduringlast threehundred
yearsand projection upto2100 AD by IPCC.

TheGovernment of Indiahasformul ated
the 'National Action Plan on Climate Change
(NAPCC)" with a view to enhancing the
ecol ogica sugainahility of India's devd opment.

Sea-level Change:

The most significant aspect of
atmospheric temperature rise is rise in sea
level and inundation of coastal tract including




wetland. Therise of the sea-level isprimarily
dueto expansion of warming oceansand fresh
waer input fromthe pdar and mountain glaciers.
It is also estimated that thermal expansion is
the significant contributor to the Sea-level
rise than the melting of ice. Theimpact dueto
storms could be more severe than actual rise
in the sealevel by 2080. About 70% of the
global coastlines are projected to experience
arelative sea-level change within 20% of the
global mean sea-level change (IPCC-2013).

IPCC report indicates that "Global
Sea-level is projected to rise during the 21st
century at a greater rate than during 1961 to
2003. As per the report, globa Sealevel
reaches 0.22 to 0.44 m above 1990 levels, and
Isrisingat about 4 mnv yrt." However, thisrise
will not be even but vary from place to place

Basically the expansion of the ocean
water will interact with the coast in a faster
way causing imbalancein sediment supply in
the active coastal zone as a result of which
there will be landward migration of the
coastline inundating the low-lying coast and
wetland indudingtheesuarine, lagoons, inlets
The river mouths being the most dynamic
place of interaction of rivers and the sea, the
locusof theddtabuilding will beinaregressve
stage, unless the sediment supplies are in
dynamic equilibrium with the coastal
processes. In other words, a rising Sea-level
impliesanincreasein sediment demand, which
if not supplied results in coastal retreat. The
corollary effectswill be on the ground water
through saline water incursion, affecting
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drinking andagricultural water. Severd studies
haveindicated that the coastal upwelling pattern
shall have a dynamic change which may also
affect the marine ecosystem in the sea.

Inaddition to coastd inundationtheother
factorsthat arethought to influencethe coasta
zone are increased storminess, higher waves
and changesin prevalent wind directions. Itis
a matter of concern to gauge the circulation
pattern in the oceans which could affect the
prevailing monsoon (?). The reduction of
sediment to the coast is estimated in the tune

of 1.4 £ 0.3 hillion metric tons per year,
because of retention within reservoirs. Over
100 billion metrictonsof sedimentand 1to 3
billion metri ctonsof carbon are now sequestered
in reservoirs constructed largely within the
past 50 years. This will add to the sediment
budgetary stressin thecoastd zonein addition
to the Sea-levd rise by climate change.

Climatic Change in the Geologic Past:

In the earth's history, several such
climatic variations have taken place which
could be more severe in magnitude than the
present one. There the impact was on the
organismor evolvingorgani Smaother than mankind.

The sea-level changes for the last 300
million years have been reconstructed by
seismo-stratigraphy, i.e. from the seismic
characteristic of the geologic formation
(Figure-3). SincetheTriassic period (say about
260 million years ago) till the present day
nearly 100 global Sea-level changeshave been
identified with aperiodicity of 100,000 years.
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Figure-3 Sea-level variation in the last
260 million year s past

Since middle of Cretaceous (100 my),
the frequency of Sea-level fluctuation was
reatively more. Several factorscanbeattributed
towards the sea-level oscillation such as,
e Variationinthevolumeof ocean basins
e  Themassof ocean water due to density

vaiation

Local or regiona tectonics

Gravitational and rotational variation of

the earth
e Changesinatmospheric pressurewinds,

oceaniccirculdionsetc. (Pirazzoli, 1991).

For thelast 2 millionyears(Pleistocene),
there were four major glacial and interglacial
periods which arereferredto asGunz, Mindel,
Riss and Wurmin Europe (Figure-4). During
the last interglacial between about 120,000-
140,000 years ago, atmospheric and water
temperatures are believed to have been
somewhat higher than present-day valuesthe
magnitude of whichisstill debated.

The last glaciations reached its peak
around 20000-18000 years back (Figure-4)
and itsmaxima(Last Glacial Maxima; LGM)
in Indiais recorded in the same period which
isinconfirmation with theglobd curve, severd
phases of sea-level transgression and climatic
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Figure-4 Glacial and inter-glacial period during
Pleistoceneperiod.

changes since last Glacial Maxima has been
recorded in Indian Continental Shelf
(Mohapatra etal 2002, 2003, Faruque eta
2008). During the LGM the sea-level was
nearly 125 m below the present one. Due to
the climatic variation the sea-level started to
risein pulsestill itwasal most stabilized around
6.5 to 7.0 thousand years back (Figure-5).

(Figure-5, Sea-level curveduring last 35000 year s
back till present)

Since the LGM, various relative sea-
level curveshave been worked out (Figure-6),
but thetrendisalmost alikewith minor variation
by different workersin different geographical
location of the world.

The sea-levd can be construed to have
stabilizedintheeast coast of | ndiaaround 6500
yrsBP. (Bruckner,1989). Thiswasfollowed by
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20000 year s back.

the deltac build up by therivers, particularly
Mahanadi, Godavari and Krishna, whereasthe
Cauvery shifteditscoursefromPalk Bay tothe
present podtion during the sameperiod. During
the post sea stabilization period the Sea-level
was3 mhigher than at present before5.6 k. yrs.
and alsobetween 4.3t02.5k. yrsB.P, (Banerjes,
2000).The cordline terraces of Rameswaram,
Mandapam sandstone (Figure-7) at the
southern side of the Indian peninsula
corroboraeahigher strandlinethan the present
during the post sea stabilization period.

Other Factorsrelated to sea-level rise:
The temperature and sea-level rise will

be associated with several other oceanic
parameterssuch as

e Alterationsin precipitation patternsand
subsequent increase of freshwater,
nutrients, and sediment to the sea.
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Figure-7 M andapam sandsoneat thesouther nsideof the
Indian peninsula corroborate ahigher strand linethan
thepresent duringthe post sea stabilization period

e Increased ocean temperature will result
in aterations in circulation patterns,
changes in frequency and intensity of
coastal storms, and increased levels of
atmospheric Carbon Dioxide. The
frequency of more storms and tropical
cyclones shall have tremendous stress
onthecoastal beltincluding theestuaries
and lagoons.

e  Higher water temperatures and changes
infreshwater delivery will alter estuarine
stratification, residence time, and
eutrophication.

e  Thecoralsof thelndian coastsand Islands
may have thebl eaching affect and growth

Table-l

Ecoregion* Total Area % inundated Area % inundated

Area | inundated by | by Imsea- | inundated by by 6m

(km®)* | Imsealevel | levelrise | 6msealevel | sea-level
rise (km?) rise (km?) rise
Orissa semi- 21,321 1,539 7.2 4,229 19.8
evergreen forests
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will be affected because of the
acidification of the coastal water.
(Dissolved carbon dioxide).

e |tisalso reported that "Ocean warming
IS expected to cause pole-ward shiftsin
the ranges of many other organisms,
including commercial species, and these
shifts may have secondary effects on
their predators and prey” (Hoozemans
et al.,1993).

Indian scenario:

India has 7500 km length of coastline
and many magjor cities such as Kolkata,
Visakhagpatnam, Chennai, Kochi, Mumbai etc
are Situated right on the coast with high
population density. Indian coast assumes its
significance becauseof theindustrial activities,
concentration of population, and trade rel ated
activitiesat the ports. Many of theoil exploration
and refinery facilities are located in those
cities. Besidesdischarge of wasteeffluent and
municipal sewage etc affectsthe coastal area.

In the event of Sea-levd rise by 1m an
aerial extension to the tune of 13,973 square
kilometer (3%) of the Indian subcontinent is
estimated to be prone for inundation. In the
extreme case of 6m rise the inundation of
60,497 square kilometer (14%) of the land
areais estimated (Zafar-ul-1slam etal, 2013).
Sdentigsof Naiond Instituteof Oceanography
have estimated that the Sea-level in Indian
coast is rising by 1.09 to 1.75 mm per year
where astha Gangetic Deltahasan anoma ous
rise to the tune of 5.74 mm per year.
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Another extreme case of 7m projection
Globa Sea-level Map by Geology.com
indicated aninundaionevenupto 60 kmfrom
the present shorelinein Mahanadi, Brahmani
delta. Thisincludes magjor part of the districts
of Jagatsingpur, Kendrgpara Bhadrak of Odisha
Anestimate of the affected area of Odishahas
beenworked out by Hossain asinthefollowing
table. The tropical cyclonesin the east coast
has maximum incidence of heat in Odisha
coast (Figure-8), if the frequency of such
storms and cyclonesincreases as predicted, a
considerable | oss could be apprehended.

Figure-8Inadencecyclonic stormsin East coag of India

Conclusion:

So far the research undertaken by the
governmental and other scientific agencies
and individuals, has established that the earth
Iswitnessing a climatic change dueto risein
atmospherictemperature and consequently the
Sea-level rise at global level is inevitable.
However, some of theriddlesaretobeandyzed
and synthesized prior to any meaningful
conclusion:




The climatic changes of the present

magnitudeor morehavehappenedinthe history
of the earth. Thishasno impact on the human

race asit was yet to evolve.

The climatic change is cyclical. The
periodicity may gobeyond thousandsof years
We are now ininterglecia period and are not
sure about its continuation.

The sea-level rise will affect the
continents differently. Each country, region
and local geographical, geological and
anthropogenic factors have direct bearing on
the magnitude of the sea-level rise.

There could be several variable factors
and derivatives (coastal settings, climate
diversity, coastal and oceanic dynamics) that
need to be analyzed for the Indian sub-
continent, for evolving an appropriate model
for the projection of Sea-level change up to
2100 AD. Projections of future relative Sea-
level changesat specificlocationspresuppose
an understanding of the physical processes
that operate. IPCC in its 2013 assessment
reported that regional sea-level rise could
behave independent of global rise and could
vary on the factors of dynamic redistribution
of water masses due to wind, air pressure,
fresh water influx, oceanic currents, air-sea
heat transaction etc.

Although all possibilitiesarefactoredin
global context, a micro level research and
study is essential so as to mitigate any
contingency. If it is assumed that the
temperature is rising since the last part
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(nineties) of the 20th Century, a base level
datacan be created with theexisting parameters
andif any ggp istherethesame canbeabridged
without further delay. It hasbeenindicated that
coastal protection strategies and changes in
the behavior or frequency of storms may be
more important than the projected acceleration
of sea-level risein determining future coastal
erosion rate.

The recent naturals such as
cloudburst in Uttarakhand or Phailin
(cyclone) in Odisha or the frequent land
dides in the Himalayas, coastal erosion
in different parts of India etc. are to be
corroborated with the atmospheric
change. It hasto be established that there
is a deviation from the normal which is
related to climate change.

When it is expected that the mountain
glaciers would melt, its impact on the coast
anddeltas dueto morefresh water and sediment
influx has to be considered. Sediment and
fresh water input from the riverine sources
such as Ganges, Mahanadi-Brahmani, from
Godavari, Krishnaand Cauvery astheserivers
haveformed major deltas, draining major part
of Indian Peninsula and extra Peninsula
Considerablevariationin salinity and density
exists al over the coastal areas due to
abundant freshwater discharges, especialy
during the rainy months. The coastal
circulation is mainly driven by river runoff
and wind thrust andisinfluenced by branches
of the Equatorial Current system. Strong
wind-driven upwelling and sinking are seen
along the eastern Indian coast.
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It has been observed that many of the
coastal erosion are related to the dynamics of
maj or river mouth as substantial changestakes
place a or near the river-mouths due to
interaction of riversand open sea. Theriverine
fresh water input combined with monsoonal
wind driven current causes dynamic changes
inthecoast. A detailed physical parameter has
been described by Varkey etal, 1996. On the
available physical parameters modeling of the
circulation isunique.
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And God said "Lé there be light";
and there was light.
- Genesis
Nature, and Nature's laws, lay hid in night;
God said, Let Netwton be! and all was light.

- Alexander Pope

Maxwell could say, when he was finished with
his discovery. 'Let there be electricity and
magentism, and there is light.'

- Feynman
With the genius, nature remains in eternal union :

What the one promises, the other certainly redeems.
- Schiller




SMOKELSS TOBACCO
AND CANCER

Prof. Niraj K. Tripathy

Theterm smokel esstobaccoimpliesuse
of unburned tobacco in the finished products.
A variety of smokeless tobacco products are
available for oral or nasal use. Products
intended for oral use are sucked, chewed or
appliedto thegumsor teeth, whilefinetobacco
mixtures are usually inhaled into the nostrils.

Tobacco is obtained from the tobacco
plant. Thisplant isthought to have originated
on the mainland between North and South
America. Itscultivation probably started nearly
5000 years back. Tobacco seeds were
discovered during archaeol ogical excavations
in both Mexico and Peru around 3500 BC
indicating that tobacco wasan articleof value
to theinhabitantsof theseareas(\Voges, 1984).
American Indianswereprobably thefirst people
to smoke, chew and snuff tobacco, asearly as
the 1400s (Christen et al., 1982). According
to the same authors these natives inhaled
powdered tobacco through a hollow Y-shaped
piece of cane or pipe by placing the forked
ends into each nostril and the other end near
the powdered tobacco. This instrument was
called a'tobago' or 'tobaca’ and the word was
later changed by the Spaniardsto 'tobacco'. In
1499, Amerigo Vespucci found Indians on
Margarita Island, off the coast of Venezuela,
who chewed agreen herb known astobacco to
quench their thirst as it increased salivation.
He also reported that the Indians chewed
tobacco leaves to whiten their teeth and to
alleviate hunger (Voges, 1984).
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The NativeAmericans, chewed tobacco
as it was thought to have several medicinal
uses, viz., to alleviate toothache, to disinfect
cuts by spitting the tobacco juice and saliva
mixture onto the wound, and to relieve the
toxic effects of snake, spider and insect bites
(Axton, 1975). When smoking was forbidden
on Britishnaval vessdsfor firehazard, sailors
began chewing tobacco and snuff. In Europe,
tobacco wasregarded as aprophylactic during
the plague and, for those who did not like
smoking, chewingwasanaternative. Chewing
tobacco becamepopular inthe USA only during
the first half of the 19th century (Gottsegen,
1940). Although by the 1890s, public outcry
made tobacco chewing asocially unacceptable
behaviour and unlawful in public places
(Christen et al., 1982) and Anti-spitting laws
were passed in New York and Philadelphiain
1896 and in Toronto, Canada, in 1904
(Kozlowski, 1981), chewing, nevertheless,
remained the dominant form of tobaccousein
Americauntil the expansion of the cigarette
industry in 1918 (Maxwell, 1980).

The native populations of Brazil were
thefirg peopleknownto usesnuff. The Dutch,
who named the powdered tobacco 'snuff’, were
using the product by 1560 (Christen et al.,
1982). InIndia, dry snuff wasonce commonly
used nasally, but is now used mainly orally. It
is frequently prepared at home by roasting
coarsely cut tobacco on a griddle and then
grinding it to afine powder.

Thetobacco used in aparticul ar product
has a decisive influence on its chemica
composition. It varies with the plant species
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used, curing, processing and storage. During
product manufacture, tobacco is blended to
achieve a specific percent of nicotine content
and pH. The pH greatly influences the
concentration of unprotonated and bicavailable
form of nicotine. The components of tobacco
include alkaloids like nicotine (85-95% of
total akaoids), terpenes, polyphenols,
phytosterols, carboxylic acids, aromatic
hydrocarbons, aldehydes, ketones, amines,
nitriles, N- and O-heterocyclic hydrocarbons.
Ammonia, ammonium carbonate and sodium
carbonate are applied to control nicotine
delivery by raising pH of the product and
subsequently thelevel of unprotonated nicotine
which is most readily absorbed through the
mouthinto the bloodstream (Djordjevicet al.,
1995). The majority of commercia tobacco
products are made from the plant N. tabacum
species grown throughout theworld with great
variation in akaloid content. In randomly
cultivated varieties, thea kal oid content ranges
between 0.17 and 4.93%. Another species, N.
rustica is cultivated in Eastern Europe, Asia
Minor and Africawherethe cured |eaves may
contain up to 12% of nicotine.

Multiple carcinogens have been
identified in smokeless tobacco products
(IARC, 2007). These include: (a) Tobacco-
specific N-nitrosamines like the carcinogens
Ni-nitrosonornicotine (NNN), and
4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) formed from tobacco
alkaloids during curing, fermentation and
ageing; (b) N-Nitrosamino acids with
secondary amino groups have been identified
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in smokel ess tobacco. Some of these include
N-nitrososarcosine(NSAR), N-nitrosoazetidine-
4-carbaxylicadd (NAzCA), 3-methyinitrasamino)
propionic acd (MNPA), 4-(methyInitrosamino)
butyric acid (MNBA), N-nitrosoproline
(NPRO), N-nitrosohydroxyproline (NHPRO)
and so on (Hoffmann et al., 1995). Of these,
NSAR, MNPA, MNBA and NAzCA are
carcinogenic in experimental animals;

(c) \Wlatile N-nitrosamines which include

N- ni trosodi mehty lami ne (NDMA),
N-nitrosopyrrolidine (NPYR) and
N-nitrosopiperidine (NPIP); (d) PAHs

including benzo [d pyrene, benz [ g anthracene,
chrysene, benzofl uoranthenes anddibenz[a,h|
anthracene. Other carcinogeniccompoundsin
smokeless tobacco products include
formaldehyde, acetaldehyde, acrolein and
crotonaldehyde (Stepanov et a., 2010).
Further, the nitrite/nitrate content strongly
influences the levels of carcinogenic
nitrosamines in the product.

There is sufficient evidence in humans
that smokeless tobacco causes cancer of the
ord cavity (IARC, 2012). Studiesonthenatura
history of oral cancer suggest that several
types of potentially malignant conditionslike
leukoplakia (white patch) and erythroplakia
(red patch) precede the devel opment of cancer
of the ora cavity (Pindborg et a., 1996).
Chewingkhaini (raw tobaccowithlime) leads
to cancers of the gall bladder (Shukla et al.,
2008). Strong positive assod ationsfor cancers
of the tongue and floor of mouth, gingivaand
buccal and labial mucosawere observed in a
study in India(Jacob et al., 2004). According




to Phukan et al. (2001) it involves the risk of
oesophageal cancer. Further, most of the
products are reported to be genotoxic in both
in vivo and in vitro test systems.

India is one of the major producers of
smokeless tobacco products in Asia. It is
processed differently to produce avariety of
tobacco products. The presence of a strong
domestic demand for tobacco products for
chewing and application has influenced the
cultivation of tobacco plants in some states
like Tamil Nadu, Uttar Pradesh, Bihar, West
Bengal and Orissa (Reddy and Gupta, 2004).
In 2002, 40.6% of the total tobacco produced
was used in cigarettes, 33.3% in bidi
production and 12.4% for manufacturing
smokeless forms.

Betel leaf, areca nut, slaked lime and
tobacco in various forms is consumed in
different parts of the country. In severa parts
of theworld, smokeless tobacco isinvariably
chewed with lime which is responsible for
highly akaline pH (Nair et a., 1992),
facilitating ready absorption of nicotinein the
orad mucosa. Inaddition, severd other products
are also in great demand in India. Gutkais
commercially made of sun-dried finely
chopped tobacco, areca nut, slaked lime,
catechu, flavourings, and sweetenersand sold
in attractive pouches. Khaini is made from
sun-dried or fermented coarsely crushed
tobacco leaves. Mawaisa product madefrom
sun-cured areca nut, crushed tobacco leaves
and slaked lime. Naswar/nassisprepared from
sun-dried powdered tobacco, ail, flavourings,
colourings and slaked lime. Tobacco leaves
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boiled with lime and spices until dry with
colours and flavoursis used to prepare zarda
whichischewed with arecanut and spicesand
is an important component of betel quid. Dry
snuff is fire-cured, fermented and powdered
tobacco used for sniffing. Gudhaku is a paste
madeof powdered tobacco and mol asses used
as a tooth paste while Khiwam is a chewing
pasteof tobacco extract, spices, and additives.
Gudaku is applied to the teeth and gumswith
the finger, by people in the States of Bihar,
Orissa, Uttar Pradesh and Uttaranchal.

Theuse of tobacco, including smokeless
tobacco, has been controversial since its
introduction several centuries ago. In 1590,
tobacco was prohibited in Japan, and users
either losttheir property or werejailed. During
the mid 1600s, Pope Urban VIl banned the
use of snuff in churches, and Pope Innocent X
banned its use by priests in the Catholic
Churches. Similarly, the Parsees and Sikhs of
India, Buddhist monksof Korea, members of
the Tsai Li sect of China, and some Ethiopian
Christian sects forbade the use of tobacco
(Christenet al., 1982). A Chineselaw in 1638
stated that anyone who possessed tobacco
would be beheaded. King James| of England
and I reland wasastrong anti-smoking advocate
and increased taxes on tobacco by 4000% to
reduce its import into England. In 1633, the
Sultan Murad IV of Turkey announced use of
tobacco a capital offence, punishable by death
by hanging, beheading or starvation. The
Russian Czar Michael Fedorovich prohibited
the saleof tobacco and stated that userswould
be subjected to physical punishment and
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persistent users would be killed. In Bavaria,
Germany, in 1652, tobaccowasavailable only
on adoctor's prescription (IARC, 2007).

Legidation in India began with the
promulgation of the Cigarette Act, 1975.
Following the example of the state of
Maharashtra in 1987, some other states like
Goaand Delhi prevented smokingand spitting
on government premises. InJune 1999, Indian
ralwaysbanned thesale of tobacco and tobacco
products on railway platforms. In September
the following year, the Government amended
theCableNetwork Rulesand banned television
advertisements for tobacco and tobacco
chewing was prohibited in Government
schools. The Cigarettes and Other Tobacco
ProductsAct, 2003 prohibiteditsadvertisement
in media and sports sponsorships. It also
prohibited smoking in public places and
disallowed the sale of tobacco in any formto
persons under 18 years of age and within 100
yardsof educational institutions. Clear health
warnings in local languages and in English
were made mandatory on all packages of
tobacco products. Beginningwith Tamil Nadu
in 2001, ban orders have beenissued in several
states including Odisha against the sale,
manufacture and storage of gutka.

Although the Government takes severa
measures to ban the production and use of
tobacco products in the country, the
consumption of such smokeless products has
not gone down appreciably. Theconsumersof
such products need to realise the dreadful
health hazardsof tobacco productsandrestrain
from their use so that the production and
marketing of such products can be checked.
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WHAT MADE USTO WALK?
Dr. SoumendraGhosh

Long long years ago a clan of human
ancestors were living in the middle of adark
forest some where in Africa. They were our
own species called Homo sapiens. Life of
those men like apes were not different from
the life of the great apes of today. Like the
gorilla and gibbon, those apes were living
monogamously in groups. However, some
anthropologists believe the apes were
polygamous like the chimpanzees. In either
case, these apeswere happy in their way and
contented in their environment. They spent
most of their days on the treetops munching
languidly on fruits and berries.

Then one day they decided to leavethe
forest for nearby savanna(land with tall grass
and bushes, occassionally with trees). Why did
they take such a decision ? Was it over
population ? Scarcity of food ? Or perhaps
some climatic changewhich made the savanna
tograbtheforest, onetreeat atimeuntil fruits
and berrieswerelost and the apeswho used to
get therfood eadly did not findthemany more.

Lifefor the homininswere harder on the
savanna. No trees, no fruits or berries. They
have to move miles in search of food.
Temperaturein Savannawashigh. They haveto
breathedry and hot air. There were seasons of
drought. Therewerefierceanimalswho didn't
mind baby ape for their lunch.

Theapesdid not run back intothefored.
They learned to live by their wits. They lived
together, fought together. They started
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communicating by gestures. They produced
some soundsby imitating lion'sroar or whistles
of birds. They made fire as a deadly weapon
against prowling lions. But the best thing fire
did wascooking of food. Foodslikeraw mest,
potatoes were baked. Fire not only changed
food's chemistry, it changed the biology of
man. Humanshad an easier timechewing and
digesting old favourites such as raw meat and
nuts when they were cooked. Where
chimpanzees spend five hours aday chewing
raw food, a single hour suffices for people
eating cooked food. Some scholars believe
there is a direct link between the advent of
cooking, the shortening of human intestinal
track and the growth of human brain. By
shortening the intestine and decreasing their
energy consumption, it opened the way to
jumbo brains of sapiens.

This story of the ape who stood up on
two legs has been told many times over the
past century, which is based on a hypothesis
called the'Savannahypothesis. Few quedions
still remain unanswered i.e the gquestion
regardi ngthel ocationwherethetransformation
took place whether it was in Africa or some
wherein South EastAsia If global warming or
some other climatic factors destroyed the
thick forest, then it should have been aglobal
phenomenon, the bipedalism should have
occurred simultaneously. How did it happen ?
One person got up and othersfollowed or the
whole clan onefinemorninggot up and started
walking on two legs ?

Onethingfor sureisthat it was the shift
from life in the forest to life in a more open
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habitat (plain land withtall grass), forced them
to wak on two legs. Bipedalism allowed
hominidsto seeover tall savannagrass, perhaps
to escape predatorsand move moreefficiently
over longdistance. Thefreehandswithfingers
and a thumb moving in opposite direction
hel ped them to manipul ate, maketools, gather
nuts and grainseven do fishing.

In the classic 'Savanna hypothesis
emphasison climatic change and shift of habitat
from forest to open grass land played some
role in the origin of bipedalism. Darwin
believed the stagefor thedramawasin Africa,
where man'sclosest rel ativesthe African apes
still lived. By the turn of the century, some
anthropologists however believed that the
critical move to the grassland occurred in
Asia. The discovery of bones of a primitive
hominid from Southeast Asia Island of Java
made theresearchersthink again onthevenue.
L ater it was proved that thebonewas of Homo
errectus, a different species who were living
there. In such a situation the transformation
from quadripedal locomotion to bipedal
| ocomoti onwould haveoccurred simultaneously
a many places on the globe. Researchers
argue that the Dawn man had the gutsand wits
togoout thereand grabit. Likethe entrepreneurial
spirit of modern man, our ancestors had the
samespirit. It may bedueto someenterprenurial
gene' which isconserved till today.

Refer ences
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INSECTS ON OUR MENU
Dr. Ramesh Chandra Parida

As the per capita arable land and
agricultural productivity areapproachingtheir
limits, it is becoming increasingly clear that
alternativeroutes haveto befoundto feed the
teeming millions that add to our population
every year. Therefore, various unconventional
sources, suchasdifferent kinds of fung, algae,
diatoms etc have come under the scanner to
provetheir viabilitiesto supplement our food
and nutritional requirements in the years to
come. Now insectshave been added tothelist,
as the Food and Agriculture Organization
(FAO) hashailed thaseas under utilized source
of food for the people and the livestock and
called upon for its optimal utilization in a
recently released report (13.05.2013) in
Rome, the Head Quarter of the UN agency.

At present, about 2 billion people of the
world have been already supplementing their
dietswith insects. They , not only include the
tribdsof India, but al sothe common people of
anumber of other countries, like China, Japan,
Thialand, Myanmar, the US and the Europe,
wherethoseareeven considered asdelicadies.

Insects are rich in protein, aminoacids
(particularly, the essential aminoacids) fats,
minerals and vitamins (Table-1). Moreover,
unlike pork or meat, those are free from
cholesterol and are better assimilated. These
arealso extremely efficientin converting feed
into edible meat. On an average, they can
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Table 1 : Nutritional values of some animal products
compared with those of some insects. * (Per 100 gm)

S. Animal/Insect Nutrients Vitamins Minerals K.ca
No. Proten | Fat | Carbo- | Thiamine | Rebo- | Niacin | Ca P Fe

(Gm) | (gm) | hydrate | (mg) | flavin | (mg) | (mg) | (mg) | (mg)

(gm) (mg)
1 Chicken Raw 210 | 7.0 2.0 0.12 091 | 52 | 2301|1420 | 17 157
2 Pork Raw 170 | 50 | Trace 0.43 1.24 6.0 | 350 1320 2.7 117
3. Fish Raw 19.0 | 120 0.0 0.15 0.35 8.4 50 | 239.0 1.0 189
4, Egg (Whole) 130 | 12.0 1.0 0.1 0.29 0.1 54 210 2.7 162
5 Milk (cow) 3.5 4.0 50 0.04 0.17 0.1 118 - - 68
6 Macrotermesp. 384 | 46.1 8.0 8.7 674 | 477 | 40 438 41.7 | 613
(Isaptera)
7. | Rhynochophorus | 181 | - - 2013 | 1317 | 389 | 186 | 314 | 728 | 561
(Loleoptera)

8. Usta sp. 76.3 - - 2447 | 1122 | 26.0 | 355 | 695 | 197.2 -

*(Besidesinsects are aso rich in Cu and Zn)

convert 2kg of feed into 1kg of insect meat,
while cattle need 8 kg of feed to produce the
same quantity of meat. Besides, to feed our
cattle we need plants, grassland, forest land
and agricultural land to produce grains and
fodders. Those havetheir adverseimpactson
our environment. Besides all ruminating
animals like cattle produce methane, the
number -two greenhouse gas. From these
points of view, insectsare muchless polluting
too. All these factors make the UN agency's
pleasstronger for usto becomeinsectivorous.

At present, the most widely used insects
as human food include grass hopper, locusts,
caterpillars, cicadas, moths, ants, white ants,
butter flies, crickets, bees and different type
of beetles. TheFA O'sEdiblel nsect Programme
Is also examining the potentials of arachinds,
such as, spiders, scorpionsetcfor thispurpose

However, not all insectsare safe to eat.
Some of those produce toxic metabolites and
defensive chemicals. Besides, thoselike bees,
wapses and ants bear stings and caterpillars
have sting hairs, which have poison glands at
their bases. Moreover, certain insects are
capable of producing strong allergic reactions
and some others serve as vectors or
intermedi ate hosts of pathogens. Therefore,
proper food processing and screening are
necessary before those are served on the
dining tables.

The insect world consists of the largest
number of speices. Scientists believe that it
may be aslarge as 80 crores. However, only 7
lakh 50 thousand of those have beenidentified
sofar, out of which90% areedible. Therefore,
the total biomass of these insects has been
visulised to be quite high, comparablewith all
thefishesavailablein all the seas, oceansand

Science Horizon =




other water bodies. Under such circumstances,
the FAO's proposal to expand our habit of
insect eating may appear justified , from the
point of view of relieving the world from the
burden of hunger and malnutrition. However,
itsecologicd angle shouldaso beviewed side
by side.

Man isan unscrupul ous eater. We know
how the numbers of many of the species of
domesticated animals and birds like goats,
sheeps, cattle, buffalos, fish, chicken etc have
shrunken, owing to hisvoraciouseating habits.
Even environmentally unsustai nable intensive
rearing of those in captivity has not helped
much. Similarly, wild animals such as deers,
rabbits, porks, various kinds of water fowls,
dolphins, sharks etc are no exceptions. Most
of them are now threatened with existinction.

Some more recent examples are
bullfrogs and crows. We are aware of the
disasters that befell on our environment and
ecol ogy, which seriously affectsour agriculture
and public health, when we started exporting
the delicious frog legs to the European
countries and began killing crows, in order to
savethe grainsthat they eat. Now those have
come under the protected categories and to
remove their names from the Red Data Book
(List of animals, birds and plants that face
extinction), we are rearing those in captivity.

Thedisaster can be of greater dimension
if weall optfor eatinginsectsindiscriminatdy,
thereby pushingthemtothebrink of extinction,
as most of them are the prime pollinators. It
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has been established without ambiguity that
the decline of the populations of bees and
butterfliesduetolossof habitatsand extensive
use of insecticidesin the last few years, have
adversely affected theagri cultural productivity.
On the other hand , spiders are considered as
the friends of the farmers, because they catch
and devour harmful insects, thereby reducing
the use of environmentally hazardous
insecticidesin the crops. Other insect species
must be having similar unigue relationships
with our ecology, some of which are known
and someother unknown.

The population of aimost al insects are
dedining, particularly, theknownones, mastly
due to deforestation and urbanization (loss
of habitat) indiscriminate use of insecticide,
adoption of mono-culture in modern
agriculture and climate change, acid rain and
air pollution due to emission of toxic gases
from industries and automobiles. Therefore,
the question arisesthat if weturn to extensive
ingect eating, will it not worsentheseecdogica
problems ? Infact, it will and the solution lies
with opting for environment -friendly steps
like aforestation and organic farming and of
course, insect-farming. Recently, such afarm
has been set up in Netherlands and Chinaand
the USare planningto follow it. Therefore, if
we want insectsto play an useful roleto meet
our nutritional requirements in the years to

come, we must also try it.
[ |
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SPIDERS -THE CIVIL ENGINEERS

I ntroduction

Phylum A rthropodaisthelargest phylum
and the real rulers of the earth. They have
conquered not only land and air but also the
vast sea. They are highly diversified and
industrious in nature-from the deep sea to
mountain peaks, in size from the king crab
with its 12-foot arm span to microscopic
insects and crustaceans, and in taste from
chocolate covered antsto crawfish jambalaya
and lobster Newburg.

Spiders, the unique member of
Arthropodaare blessed with uniquequality of
craftsmanship combined with matchless
patience. They are the classic weavers and
superb architects. Though dull in appearance
but very prompt in action, and deserve to be
different from other creatures on the earth.
Spidersare theinvertebrates belonging to the
order Araneae of the class Arachnida under
phylum Arthropoda. Spidersareair-breathing
arthropodsthat have eight legsand chelicerae
with fangs that inject venom. They are the
largest order of arachnids and rank seventhin
total species diversity among all other orders

* Animesh kumar M ohapatra
**Priyamvada Pandey

of organisms (Fig.1). Spiders are found
worldwide onevery continent exceptAntarctica
and have become established in nearly every
habitat with the exceptions of air and sea
colonization. About 43,678 species of spider
and 109 familieshavebeen recorded by taxonomids
Spider silk

Spiders have the unique quality of
producing silk which is used by them to
construct beautiful spider webs. Spider silkis
a protein fiber spun by spiders. Spiders use
their silk to make webs or other structures,
which function as netsto catch other animals,
or as nests or cocoons to protect their
offspring. They can also use their silk web to
suspend themselves. Many small spiders use
silk threads for ballooning, the popular
scientific term for the dynamic kiting
spiderlings use for dispersal. They extrude
several threads into the air to be themselves
carried away by winds. Although most rides
will end a few yards later, it seemsto be a
common way for spiders to invade islands.
The extremely fine silk that spiders use for
ballooning is known as gossamer.
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Spider's silk glands

Anatomically (Fig.2) spidersdiffer from
other arthropods in a way that their body
segments are fused into two tagmata : the
cephalothorax or prosoma and abdomen or
opisthosoma, joined by a small, cylindrical
pedicel. There are seven types of silk glands
(Fig. 3) which are present at thelower side of
abdomen of the spider. The abdomen bear
appendages that have been modified into
spinneretsthat extrude silk from seven types of
silk glandswith the hel p of finger-like processes
at the end of each spinneret called spigots.

Figure 2. Anatomical representation of spider'sbody
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Figure 3. Different typesof silk glandspresent in spider

The seventypes of silk glandsand their
functions are:

1. Ampullate (Major) gland: It secretes
draglinesilk used for theweb'souter rim
and spokes and the lifeline. As per unit
weight it can be as strong as steel, but
much tougher.
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2. Ampullate (Minor) gland: Its secretion
isused for temporary scaffolding during
web construction.

3. Flagdlliform gland: Its secretion form
spiral silk used for the capturing lines of
the web. It is sticky, extremely stretchy
andtough.

4.  Tubuliform gland: Its secretion form
egg cocoon silk used for protective egg
sacs. It is the stiffest silk.

5. Aciniform gland: Its secretion used to
wrap and secure freshly captured prey;
used in the male sperm webs; used in
stabilimenta. It is two to three times as
tough astheother silks, includingdragiine

6. Aggregate gland: It secretesa silk glue
of sticky globules.

7.  Pyriform gland: Its secretion used to
form bondsbetween separate threadsfor
attachment points.

Composition and Chemistry of the
spiders silk

Spider silk is an impressive material
having lightweight stretchy and stronger than
steel. It isapolypeptide, scleroprotein nature
containing collagen and keratin. Spidroin is
the main type of protein present in spider's
dragline silk. Spidroins are big protein
molecule 250-350 kDa and with no L.Wt of
3,500 amino acid residence (Fig.4). They are
present in a polymeric organization, mostly
based on highly homogenized tandem repeats.
There are 100 tandem copies of 30 to 40
amino acid residues. On the other hand,




spidroins also have non-repetitive amino (N)

and carboxyl (C) termina domains of

approximately 150 and 100 amino acids
respectively. Therearetwo typesof spidroins.

spidroin 1 and spidroin 2. Spidrion consistsof

approximately 42% glycine and 25% alanine
as the magjor amino acids. The remaining
amino acids are mostly glutamine, serine,

leucine, valine, proline, tyrosineand arginine.

Spidroin 1 and spidroin 2 differ mainly inthe
content of their proline and tyrosine amino
acidresdues. N- and C-termind domainsshare
little resemblance, except that they are both
richinserineand both arelargely amphipathic
o-helical secondary structures. In the
N-terminal domain, there are signal peptides
which regulate spidroin secretion from cells
of the silk gland.

Spidroin prote n consi gsof onerepetitive
region of 100 tandem repeats in between two
non-repetitive N-Terminal and C-Terminal
domains. The 100 tandem repeats are divided
into polyalanine and glycine- rich regions.
Alanine appears in blocks of six to fourteen
unitsthat form (-sheets. Thesealanine blocks
can stack to create crystallinestructuresin the
fiber, linking different protein molecules
together. Glycineispresent indifferent motifs,
such as GGX and GPGXX (where X may be
alanine, lysine, glutamine or phenyl alanine),
that have also specific secondary structures.
Glycine-rich regionsare moreamorphous and
contribute to extensibility and flexibility.
Motif (GGX)n is characteristic in spidroin 1
and GPG and QQ aretypical in spidroin 2.
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SPIDROIN STRUCTURE

3000-4000 amina acids ———————————————_ |
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N- terminal
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GGAGGAGN
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Figured. Structureof spidroin

M echanism of silk formation

In "Lock and trigger" model for spider
silkformation, thegradual pairing up of theN-
terminal domains, locks spidroins into a
network of many protein molecules, whilethe
changesof structurein the C-terminal domains
could trigger the rapid polymerization of
soluble spidroins intoinsolublefibers. During
the passage through the narrowing tubesto the
spinneret the protein moleculesalign and form
partial crystallisation parallelly. This occurs
through self-assembly of the moleculeswhere
the polyalanine regions link together via
hydrogen bonds to form pleated [3-sheets.
These [3-sheetsact as cross-links betweenthe
protein molecules and impart high tensile
strength on the silk. The crystalline regions
are very hydrophobic which aids the loss of
water during solidification of spider silk. This
aso explains why the silk is so insoluble.
Water molecules are unable to penetrate the
strongly hydrogen bonded f-sheets. The
glycine-rich spira regions of spidroin
aggregate to form amorphous areas and these
are the elastic regions of spider silk. Overall,
a generalised structure of spider silk is
considered to be crystalline regions in an
amorphous matrix. However, it may involve
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mechanical and frictional forces that arise
during passage through the spider's spinning
organs. Spidroinshave ahelical and unordered
structure when stored as soluble proteins in
silk glands, but when converted to silk their
structure changes completely to one that
confers a high degree of mechanical stability.

The silk glandsare located on the lower
sideof theabdomen and contain awatery fluid
known as 'dope’ in which protein molecules
can move freely. Thisfluid passesthroughto
the spinneret via a multitude of microscopic
tubeswherewater recovery and solidification
begins. Fluidfromdifferent glandscanleadto
the same spinneret. There are usualy two to
eight pairs of spinnerets but this can vary
depending onthe species. The substanceexits
through the spigots which are mobile, finger-
likeprotrusionsand the resulting silk emerges
as asolid. There are many spigots that so
many fibres are bound together like a cable.

Figureb5. Images of the spinnerets

= Science Horizon

JANUARY, 2015

How spiders construct their web ?

The spidersframetheir web step by step
in a form of decorative stabilimentas in the
following manner (Fig. 6 and 7):

e  Spider releases a single thread of silk
with atiny flattened silken sail at itstip.
Thisallowsthewind to blow onthesilk,
until that gets connected with something.

Inthisway spider setsup thebridgefrom
where the building up of the web starts.

e  Thentheanimal movesback andforward
along the bridge thread and adds more
silk onitto makeit stronger. Thenit will
start to set the centre of the web, and
giveita'V'shgoe. Thetwoarmsof 'V'are
well placed to make two of the major
spokes of the web.

e  Spiderfixesanew threadto thepoint on
the'V' andreelsitself downto groundto
find ananchor point & fagensthevertical
thread to the surface.

[ LI

ider web




e  Thenthat put someframethreadsbetween
theanchor points Thiswill betheoutside
frame of the web.

e After putting the frame threads, Spider
starts to lay theradius threads. The silk
used to maketheframesand radiusisnot
sticky. They serve for supporting
purpose. And Spider will walk on that
radius so that the animal does not get
entangled by her own silk. Spider goes
back and forth from theweb centreand
the frameto lay the radius

e Thentheanimal put the auxiliary spiral
silk, from centreto the outer frame This
auxiliary spiral silk isused by spider as
reference for laying the capture spiral,
the sticky silk. The auxiliary spiral silk
will be removed later.

e When Spider reaches the outer most
frame, it returnsand startsto lay capture
spiral, the sticky silk. It spirals from
outside towards the centre. It uses the
auxiliary spiral silk (Fig.7) asreference,
and will remove it in the mean time.

e  Theweb getscompleted whenthe spider
laysdownthestick silk closer tothecentre.

e Thenitsitsinthecentreof theweb, with
each leg on each silk sensing if thereis
any prey being caught. When the spider
sits off the web, it keeps in touch by a
special signal thread runningfromretreat
tothe centrehub. Thissgnal threadi sunder
tenson & itinstantly transmitsthesignal
to her bout theprey being caught inthe web.
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Figure7. A well decorated spider web
Types of webs

Generally thespiderscondruct twotypes
of webs: Orb web and cob web.

1. Orbwebs: Thesearethecharacteristic
feature of thefamily-Araneidae. About half of
the potential prey that hit orb webs (Fig. 8)
escape. A web hasto perform threefunctions:
intercepting the prey (intersection), observing
its momentum without break (stop), and
trappingtheprey by entanglingit or stickingto
it (retention). No single design is best for all

Figure8. Orbweb

Science Horizon =




prey. For example: wider spacing of lineswill
increasethe web'sareaand henceitsability to
Intercept prey, but reduce its stopping power
and retention; closer spacing, larger sticky
droplets and thicker lines would improve
retention, but would makeit easier for potential
prey to see and avoid the web, at least during
the day. However, there are no consistent
differences between orb webs built for use
during the day and those built for use at night.
Infact thereisno simplerelationship between
orb web design features and the prey they
capture, as each orb-weaving species takes a
widerange of prey.

Cob web: Membersof thefamily Therididae
and others like house spiders, daddy long leg
spider, weave irregular, tangled, three-
dimensional webs popularly known ascobwebs
(Fig. 9). There seems to be an evolutionary
trend towards a reduction in the amount of
sticky silk used, leading to itstotal absencein
some species. The construction of cobwebsis
less stereotyped than that of orb-webs, and
may take several days.

+ :

Figure9. Cobweb
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How spider webs attract insects?

Spiderslure insects by using the mutual
‘electrical attraction’ of their webtotheir prey.
Flyinginsect'swingscreate an electric charge
whichin turn acts as amagnet for the spider's
web - suckingthemto their doominthe sticky
silk. Orb-weaver spidersattract insectsto their
webswith ultraviolet (UV) decorations. During
construction of thewebs, spidersareknown to
sporadically add zigzag patterns leading out
from the centre. These patterns are created
with specid whitesilk formingvisual spectrum
with UV rays-300nm-700nm, knownto reflect
much morelightsthan other strandsintheweb
and prey gets attracted towards the web.

Why don't spiders get stuck in their
own webs?

Spiders spin two types of silk - sticky
and non-sticky silk. They avoid walking on
sticky threads. In addition spidershavemovable

Figure 10. Spider web showing zig-zag pattern
leadingfrom center.




claws on their feet that grip and release the
web'sthreadsasthey walk. The sticky fluid or
agueous coatingwasonly re eased by aggregate
gland on capture spiral but spiders run on
radial spokeswhich isnon-sticky in nature.

How do spiders walk upside-down?

In addition to the tarsal claws, a tuft of
hair called a scopula (Fig. 11) isfound at the
tip of the spider foot, whichthe animal usesto
attach itself to the walking surfaces. Thelong
hairswhich are distributed over theentirefoot
are sensitivetotouch. It isbecause of Van-der
-Waals force of attractions between the hairs
at tip of the foot and the surfaces on which
they walk, these thousands of tiny hairscreate
multi plecontact pointsbetween the spider and
the surface that increase the spider's ability to
hangon. Thehairsareboth small and flexible.
At the molecular level, even the smoothest
surfaces are rough, so if the spider's hairs
were rigid, the arachnid could make contact
only with certain parts of the surface. But
because thehairsaremall eable, they can make
contact with more of the surface area even
with the weak forces.

Tarsal comb

Figure 11: A scanning electron microscope
micrograph of the foot showing scopula.
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Some interesting facts about spiders

1.

All spidersdo not weavewebs. Generdly
thefemaleandyoung maespidersweave
webs. Females are larger than males.

Spiders do not stick to their own web
because only the central spiral part of
the web is sticky, not the spokes. The
spider knows where to move.

Webs lose their stickiness after about a
day due to factors such as dust
accumulation and exposure to air. In
order to save energy the spider eats its
ownweb beforemaking anew onesothe
proteinused for making silk threads gets
recycled.

Capture spira part of the web is most
elastic, rich in glycine and it can be
extended up to 20 times its length to
capture or wrap the prey while the
dragline silk only extend 30% of its
original length.

Spidersuse awiderangeof strategiesto
capture prey: trapping it in sticky webs,
lassoing it with sticky bolas, mimicking
the prey to avoid detection, or runningit
down. Most of them detect prey mainly
by sensing vibrations. Spiders guts are
too narrow to take solid material so they
liguidate their food by flooding them
with digestive enzymesand grinding with
the bases of their pedipalps, as they do
not havetruejaws.

Most spiders generaly undergo the
phenomenon of kleptoparasitism - i.e.
steal or theft of the food or prey.
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7.  Non poisonous spiders - the family
Uloboridae - they havelost their venom
glands, and kill their prey with silk web.
Red back spider is the Most Poisonous
spider.

8.  Largestspider web- Darwin'sbark spider
- orb weaver spanning over rivers,
streams, lakes. Smallest spider web is
made by Patu marplesi.

9. World's larges spider is male goliath
bird-eating spider and smallest is Patu
marplesi.

10. Cannibalism by females is very much
common in spiders.
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SCIENCE OF CITY FARMING -1
Dr. Parshuram Dhal

Food is the basic need of every person
around the world and thus he can benefit by
growing his own food. The Productive
resources are shrinking gradually. Cities are
developingover greenareas Thecity dwellers
aregeneally consumers. Our Kitchen Garden
Assocaition (KGA)'smission isto encourage
every household in a city to be prosumer
(producer cum-consumer). Each member of
the family will havejust a spaceright out just
around home or roof top or verandas and
balcony or wall of the building. KGA will
teach them how to grow just the minimum
food themselves. The agro- ecological
condition of the available space in cities is
suitable to grow vegetables only. Vegetables
arequick maturing highyieldingand nutritious
crops. Being short duration crops they need
highly fertile soils containingwell composted
organic partsand mineral partsinegual volume.
These organic partsthenimpart good formand
structure to the soil. Such soils can maintain
good moisturelevel and air content favorable
for good growth and flush of rootsin it and
micro organism aso flourish to decompose
complex organic materials to simple mineral
nutrients while the mineral partsrelate to the
availablenutrient levd inthesoil. Thefertility
level of the soil isachieved and maintained by
properly collecting and incorporating or by




proper recycling of various biodegradable
products of both plantsand animalsorigin, so
that it wi!l be optimally availablein the early
growth cycle of the crop as most of these
minerd partsof thesoil aregenerdly harvesed
in the first growth period by the plants and
later before tillering or flowering phase of
growth. The nature has built its food chain
through evalvingthe processof photosynthesis
to harvest the Sun by employing green leaves.
Thefirst product of the food chain that green
leaves produce is glucose. The green
Chrlophyll partintheleavescan harves sunlight
whichthey usefor photolysis of water coming
to the leaves through the roots. Then it
combines with carbon dioxide part of the air
reaching the Mesophyli zone of the leaves
through the stomatic pores. At the end thefirst
six carbon sugar (glucose) is formed. The
oxygen produced from the water in to the
process is released in the air.

Overdll reactionis:
6CO, +12H,0—2NT 5 C H,,O, + 60, +6H,0

Themost important aspects of the above
discussion is that to harvest the optimum
sunlight, the plantsmug build acanopy areaof
leaves as per the index number of the crop
occupying a specific ground area for its
maximum growth. Herethree thingsinvolve:

1.  Groundareaof theplant for itsmaximum
growth.

2. The optimum canopy area of the leaves
of the plant.
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3. Leaf Arealndex (LAI) =theindex number
of thecrop. Theoptimum canopy areaof
leaves per unit ground areais known as
leaf areaindex or the index number of
the crop.

Thus LAI = Canopy area of leaves upon
ground area.

2.5 of canopy area of leaves is 2.5 and the
ground area for maximum growth of plant is
0.5, then.

LAI=25/05=5

i.e, 5 1s the leaf area index or the index
number of the crop.

The grower should be well acquainted
with thisrelationship. To build up acanopy, the
growers are required to provide maximum
ground areawith required nutrientsand water
for crop growth, so that the plants will be
capableof takingfull advantageof thesunlight
it hasto harvest.

(To be continued)
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Mob:-9439332219/9437455680

When you turn your eyes to heave
skyworld to the azure flow,
when at dusk the Sun is driven
down in crimson fireglow
There in Nature's deepest kernd
healthy, glad of heart and sight
you perceive the great eterna
essence of chromatic light.
- Goethe on Newton's experiment
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GUIDELINES FOR CONTRIBUTINGARTICLES FORTHE MAGAZINE
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"SCIENCE HORIZON" aims at developing the scientific outlook of students as well as the general
people and seeks to give them information on scientific developments. It is published as a monthly
magazine.

The authors desirous of writing and contributing articles to the magazine should first assimilate the
ideas of the theme and present it in simple language and popular style.

The authors are requested to write clearly on one side of A/4 size paper. The relevant pictures in 4cm X
6 cm size are welcome. Photo copies of manuscripts are not accepted for consideration.

Each article will be ordinarily of two to three printed pages in A/4 size papers.
The article shall be profusely illustrated with pictures.
Atthe end of the article the author should give the references and suggestions for further reading.

The reference of books, journals, sources, ideas and essential points collected by the writer should be
mentioned in the bibliography. This will enhance the quality and fidelity of the writing and give the
reader an opportunity for making further studies.

Matter translated from other languages and illustrations should indicate the original sources
otherwise those would not be accepted. The articles which are not published, can not be returned to
the authors.

As far as practicable the articles should be based on contemporary science and must be easily
comprehensible to students at the secondary level.

The writers should present difficult concepts of science through stories of everyday life, heart-
rendering songs, pictures, satirical cartoons or attractive dramas.

Allunits in the articles should be given in the metric system.

The title of the article should be brief and attractive. Moreover, subtitles may be given in long articles.
The writings should be coherent and cohesive.

There should not be repetition of specific words. While ensuring the contemporary spirit of the
writing, it should reflect some valuable lesson for the society. It is also necessary to avoid mistakes in
spelling, language use and factual details.

The Editor & the Editorial Board of "Science Horizon", Secretary of the Academy or Odisha Bigyan
Academy shall not be responsible for the views of the authors.

Address for sending the articles

The Secretary,

Odisha Bigyan Academy

Plot No. B/2, Saheed Nagar,

Bhubaneswar - 751 007

Telephone - 0674-2543468 Price : Rs 10.00
Fax - 0674-2547256

E-Mail - odishabigyanacademyl@gmail.com

(Website : www.orissabigyanacademy.nic.in)
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