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In the first fortnight of October every year, the
scientific communityeagerly awaits the
announcement of Nobel Awards, the symbol of
highest recognition, a scientist aspires to receive
for her/his work in basic sciences. Instituted in
1901 as per the will of Alfred Nobel, the Nobel
Awards are conferred on those who have done
their bestto serve mankind in the field of
Physics, Chemistry, Medicine, Literature and
Peace. “Sveriges Riksbank Prize in Economic
Sciences in Memory of Alfred Nobel” has been
added since 1969 though technically itis nota
Nobel award but its announcements and
presentations are made along with it. The Nobel
awards for Physicsand Chemistry are
announced by the Swedish Academy of Science.
The Nobel Prize in Physics for the year 2009 has
been shared by three scientists— Charles K. Kao,

Willard S. Boyle, and George E. Smith. Charles K.

Kao receives the award for his “groundbreaking
achievements concerningthe transmission of
light in fibres for optical communication” while
Makoto Kobayashi and Toshihide Maskawa were
nominated for the “invention of an imaging
semiconductor circuit - the CCD sensor”. Nobel
Prize in Chemistry has been awarded by the
Swedish Academy of Science to Venkatraman
Ramakrishnan, Thomas A. Steitz, and Ada E.
Yonath for enlightening the science community
on the ‘structure and function of the ribosome’.
Nobel Prize for Physiology and Medicine is to be
shared by threescientists— Elizabeth H.
Blackburn, Carol W. Greider, and Jack W.
Szostak for their discovery “how chromosomes

are protectedby telomeres andthe telomerase
enzyme”. The lead articleof this issue attempts
to highlight the work of these Nobel laureates
and its significance for future developments.
This year's announcement for the Nobel Prize in
chemistry had special significance for Indians as
also our education system, as one of the
awardees, VenkatramanRamakrishnan, happens
to be an Indian American. Venkatraman
Ramakrishnan is the third Indian American, after
Hargobind Khorana and S. Chandrasekhar, who
has been bestowed with this honour.
Venkatraman Ramakrishnan has been a brilliant
student right from his school days. In fact, as a
student of the then higher secondary stage
(Class Xl) in 1968, he was selected for award of
scholarship under National Science Talent
Search Scheme [NSTS) instituted bythe NCERT
in 1963 for nurturance of talent in science.

It has been our endeavour to keep our patrons
abreastwithrecentdevelopmentsin basic
sciences andupcoming technologies through
articles,features andscience news.In thelast few
years, anattempt hasbeen made through the
articles andscience news through the pages of
this journal to highlight important developments
in the fieldof nanotechnology. An article
presenting a design ofa curriculum to introduce
nanotechnology as a subjectof study at the higher
secondary stage has beenincluded in thisissue. It
isenvisaged thateducationists, especially
curriculum developers,would ponderover the
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implications inthe event sucha futuristic
technologyisaccepted atschool stage.
Holography is anothertechnology, whichin recent
past have become quitecommon, particularlyas a
potent tool to protect copy right infringements.
To have athree dimensional view ofa picture with
aholograph isalways afascinating experience.
Students often wonderhow holographs are
produced and what the scientific principle behind
itis. Iltis envisagedthat the article on this subject
would facilitate understanding the basic principles
of holography.

Studies on various aspects of science education
besides providing us ideas for improving quality
of teachingscience inschools, also give us an
in-depth understanding about issues and
problems thatneed beaddressed. Inrecent times
‘episodic conceptualisation’has beenidentified as
one of the origins of pupils” alternative
conceptions. It is hypothesised that the episodic
format of the form, content, and mode of
presentationoftwo interrelated concepts, say

kinetic energyand work, is likelyto generate two
isolated, mutuallyindependent cognitive
structuresamongst learnersoften emanating
from themanner theseare presentedin the
textbook and by theteachers inthe classroom.
The researchdesign, methodologyand outcome
of a study on episodic conceptualisationand its
implications form the basis of anotherarticle in
thisissue. Children’sconcepts onsome aspects
of environment, applicationof computers in
teaching learningof science, theory of
metacognition and itsrole in learning and
teaching aresome otherissues onwhich articles
find a place in this number, in addition to regular
features likethe ‘Science News’, WebWatch” and
You've Asked".

We sincerelyhope thatour readers wouldfind the
articles,features andrews itemsinteresting and
educative. Yourvaluable suggestions,
observations and comments are always a source
of inspiration and guide us to bring further
improvement in the quality of the journal.
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The prestigious Nobel award, instituted at the
behest of the greatscientist and the inventor of
dynamite ‘AlfredNobel, is tribute to persons who
render mostvaluable serviceto humanityby their
resolute andconcerted workin differentfields of
physics,chemistry, physiologyand medicine,
economicsand peace.The awardis morethan a
mere symbol of recognition. The prize money of
1,66,000US dollarsis alsoof substantial help to
individual scientists tocarry forwardresearch in
their field of interestto satisfytheir insatiable
desire, in knowing the unknown for the benefit of
mankind forwhich they have devotedtheir lives
and effort. The Nobel Prize is an international
award administered by the Nobel Foundation in
Stockholm, Sweden.

Like everyyear, the Nobel Prize for physics and
chemistry forthe year 2009 wereannounced by
the Swedish Academyof Sciencewhile The
Stockholm Facultyof Medicinerecommended the
awards for physiologyand medicine.

Nobel Prize in Chemistry

This year's Nobel Prizein Chemistryhas been
awardedto three scientists: Venkatraman
Ramakrishnan, ThomasA. Steitz, and Ada E.

Yonath for enlighteningthe science community on
the ‘structure and function of the ribosome’. Out
of thethree bigmolecules forlife (DNA,RNA, and
Proteins), proteins arguablytake lion's share of
the work.Proteins provide structural stability to
thecells, give mechanical motionto muscles,
transport oxygenand play many otherkey role in
nearlyeverychemical reactionthat occursin the
cells. Thethree Nobelawardees, Ramakrishnan,
Steitz,and Yonath,used- X-raycrystallography to
identify and map the positions of the atoms in the
ribosome toprovide its3-D modelsto scientists
to facilitate further studies and dissectthem for
crucialinformation atthe atomic level. Thiswas a
unique achievement asthere are hundreds of
thousands of atoms involved. Their work has
benefitedmany otherareas of research, including
the study of antibiotics. As synthesis of proteins is
essential forthe survivalof bacteria, theribosome
is apractical targetfor drugs.The researches
carried outby Nobel laurates have provided vital
information for the design of new antibiotics.

The three-dimensional model (3-DJ,developed by
the threescientists showedhow different
antibiotics bind toribosomes. These models are
now used by scientistsin order to develop new
antibiotics, directly assistingthe savingof lives
and decreasinghumanity’s suffering.
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Fig. 1 : Nobel Prize awardees in Chemistry

Venkatraman Ramakrishnan, bornin 1952 in
Tamil Naduy, India, did his Ph.D from University of
Ohio in1976.He is a seniorscientist and now
leads astrong researchgroup atthe Medical
Research Council (MRC) Laboratoryof Molecular
Biology inCambridge, UK. He has determined the
structureof the 7hermus thermophius s(heat-
stable bacterium) 30S ribosomalsubunit in
complexwith severalantibiotics. Dr
Ramakrishnan’s researchinto theribosome and
its complexes withantibiotics, initiation factor 1
(IF1),aswell ascognate andnear-cognate tRNA
has resulted in anextensive body of publications.

Thomas A. Steitz, bornin 1940 in Milwaukee, WI,
did his Ph.D from Harvard University in 1966. He
is now SterlingProfessor of Molecular Biophysics
and Biochemistry, andan investigator of the
Howard Hughes Medical Institute. His scientific
career has been focused onstudying the
structural basis of the molecularand chemical
mechanisms by which proteins andnucleic acids
execute theirbiological functions.Dr Steitz's
imaged thefirst high-resolutioncrystal structure
of the large ribosomal subunit known as 50s

fro m Haloarculamarismortuiwitha resolution
of 9 A.

AdaE.Yonath,bornin1939 inJerusalem, Israel,
didher Ph.Din X-rayCrystallography from
Weizmann Institute, Israelin1968. Sheis presently
the Director of the KimmelmanCentre for
BiomolecularAssemblies atthe Wezmann
Institute of Science in Rehovot, Israel. The
ribosome was central toherresearchfrom the
initial crystallisationstudies inthe late 1970s to
her firstelectron densitymap of the small
ribosomal subunit from 7hermus thermophilus,
constructed at 4.5A.



Yonath and Ramakrishnan obtained the structure
of the small subunit (30S) from 7hermus
thermophilus. Thus, it was possible to map
ribosome functionality at the most basic, atomic
level.

Their research showedhow theribosome looks
like andhow itfunctions at the atomic Level.
Theyhave useda methodcalled X-ray
crystallography to map the position of every one
of the hundreds of thousands of atom s that
make upthe ribosome. This method dete rmines
the threedimensional structure of molecules
which are organised in different patternin the
crystals. Thesemolecules withinthe crystal
diffractthe X-raysin s pecificdirections when
these areexposed to a beam of X-rays.By
studying the diffraction pattern, the intensities
and position of the diffracted beam,
crystallographers canidentify the position and
atomic details ofthe molecules.

By buildinga (3-D) structure of the ribosome
using X-raycrystallography method,they solved
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an important part of the problem posed by
Francis Crick and James Watson,when they
proposedthe twisted double helical structure of
DNA, i.e.how does genetic codebecome a living
thing? DNA ismade avallable to theribosome by
“transcription” of genes into chunks of
messenger RNA (mRNA].In theribosome, these
mRNAare translatedinto variousamino acid
sequences bythe methodof translationand make
up anorganism’s proteins. The work is based on
a techniquecalled X-raycrystallography, where
protein molecules are removedfrom cells,
purified and made intocrystals thatcan be
examinedby X-rays.

Everycell of the organism have DNAmolecules in
their nucleus. They containthe blueprints for how
anorganism, saya human being, aplantora
bacterium, looksand functions.These blueprints
get transformed intoliving matter through the
function of ribosomes. Based upon the
information coded in DNA, proteins are formedin
ribosomes.There aretens of
thousands of proteins in the body of an
organism and theyhave different
structures and functions. They build
andcontrol lifeatthe chemical level.

ik

Ribosomes werefirst discoveredin the
mid1950s bya cellbiologist George
Palade using electronmicroscope and
the term ribosome’ forthem was
proposed by Biologist Richard B.

y Fig. 2: Translation Process
(the synthesis of protein]

(Source : http://www.ortodoxiatinerilor.ro/
20 08/0 9/genele-sint eza-proteinelor-
codul-genetic-5)
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Roberts. An understanding of structure and
function of the ribosome is important for a
scientific understandingof life.Ribosome is the
partofcelluar components that makethe protein.
Itis

20 nmindiametreand is made up ofa complex
comprising 65 per cent RNAsand 35per cent
Protein. Ribosomes are divided into two sub-units:
larger andsmaller. The unit of measurement of
sub-unit is Svedberg unit(s), ameasure of the rate
of sedimentation in centrifugation. The ribosome
is the site of protein synthesis (proteinfactory) ina
Livingcell. Theribosome translates genetic code
into proteins, which are the building blocks of all
living organisms. The sub-unit of ribosome in
prokaryotes andeukaryotes aredifferent, the
prokaryotes have 70S ribosomemadeupof larger
sub-unit of 50S andsmaller sub-unit of 30S.
Eukaryoteshave 80S ribosome, ithas larger
sub-unit of 60S and smaller sub-unitof 40S.
These sub-units play animportantrole in
translation, aprocess forthe synthesis of protein.
The three nucleotide genetic codon bind to these
sub-unit with the help of tRNA and make the
protein in this process.

Humanandbactenal ribosomes are slightly
different, making the ribosome a good target for
antibiotic therapy that works by blocking the
bacterium’s abilityto makethe proteinsit needs
to function. Nowadays, various antibiotics are in
use that cure diseases by blocking the function of
bactenal metabolicactivityinthe translation
process (proteinsynthesis).Dr Ramakrishnan
discovered the function of these ribosomal
sub-units complex withvarious antibiotics. He
also determined that how antibiotics bind to
specific pocketsin the ribosomestructure. The
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antibiotics cure the diseaseby interfering in the
function of bacterial (infecting) ribosomes by
preventing them to make the proteins they need
to survive.As makingproteins is essential for the
survival of bacteria,ribosome inthem isthe main
target of antibiotics, which stops the protein
synthesis.Without functional ribosomes, bacteria
cannot survive because of its inability to
synthesise protein. This is why ribosomeis such
animportant target for new antibiotics. This
research couldhelp scientiststo design
antibiotics totreat people who areinfected with a
bacterium thathas developedresistance against
traditional antibiotics. Bettertargeting of the
bacterialribosome shouldalso helpto avoid
negative effects onhuman cells thereby reducing
the side effects of taking antibiotics. Biologists in
pharmaceuticalandbiotechnology companies will
also usethis valuableinformation todevelop new
antibiotics to fight the growing problem of
bacterialdrug resistance.

Nobel Prizein Physics

The Nobel Prize in Physics-2009 has been
awarded jointly tothree Scientists— Charles K.
Kao, WillardS. Boyle,and George E.Smith. This
year's Nobel Prize inPhysics is awardedfor two
scientificachievements thathave helpedto shape
the foundations of today’s networked societies.
Charles K. Kao receivedtheaward forhis
“groundbreaking achievements concerning the
transmission of lightin fibres for optical
communication” while Makoto Kobayashi and
Toshihide Maskawawere nominatedfor the
“invention of an imaging semiconductor

circuit -the CCD sensor .



Charles KKao, bornin 1933 in Shanghai, China, is
also known as Fatherof Modern
Communications. Hedid his Ph.D from University
of Londonin 1965. He is retired Director of
Engineering atStandard Telecommunication
Laboratories, Harlow, UK andVice-Chancellor at
Chinese University of HongKong. He was cited
for his 1966 discovery that showed how to
transmitlight overlong distancesvia fibre-optic
cables,which becamethe backbone of modern
communication networksthat carryphone calls
and high-speed Internet data around the world.

Willard S. Boyle, bornin 1924 in Nova Scotia,
Canada, didhis Ph.D from McGill University in
1950. Hewas Executive Director of
CommunicationSciencesDivision, Bell
Laboratories,Murray Hill, New Jersey,USA. In
1962, heworked with Dr Nelsonand invented the
firstcontinuously operatingruby laser; he was
appointed as director of Bellcomm'’s (a Bell Labs
subsidiary) Space Science and Exploratory Studies
programme. Hereturned toBell Labs in1964. In
1969, heworked withGeorge E. Smithto develop
Charge-CoupledDevices (CCDs).

George Elwood Smith, bornin 1930 in White
Plains, New York, didhis Ph.D from University of
Chicago in1959. Heis retired Head of VLS| Device
Department, Bell Laboratories, MurrayHill, USA.
He was involved in a variety of investigations on
junction lasers,semiconducting ferroelectrics,
electroluminescence,transition-metal oxides,

the silicon-diode-array cameratube, and

Charge CoupledDevices (CCDs).

Boyle and Smith jointly inventedthe first
successful imagingtechnology usinga digital
sensor, aCharge CoupledDevice (CCD).

PN
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Charles K. Kao

Willard 5. Boyle

George E. Smith

Fig. 3- Nobel Prize awardees in Physics
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Fig. 4: Optical Fibres
(Source : ocw.mit.edu/.../det ail/f ibre_optics_hom.htm)

The CCD usessemiconductors, the samekind of
materials ascomputer chips,to capturelight and
turnitintoan electric signal. The CCD is the
electronic eyeof digitalcamera. Theinvention has
revolutionised photography, as light could now be
capturedelectronically instead of onfilms. The
digital form facilitates the processing and
distributionof theseimages. The CCD allowed
whole two-dimensional fields of optical datato be
read outmore quicklyand efficiently. The CCD has
beenthe backbone of thecommercial digital
camera industry.

The CCD technologymakes use of the
photoelectric effect,as theorised by Albert
Einstein andfor whichhe was awardedthe Nobel
Prize in the year 1921.By this effect, light is
transformed into electric signals. The challenge
when designingan image sensor was to gather
and read outthe signals inalarge number of
image points, pixels, ina shorttime. Digital
photographyhas becomean irreplaceabletool in
many fields of research.The CCD has provided
new possibilities to visualise the previously

10

unseen.lt has given us crystal clearimages of
distantplaces inour universeaswellas the
depths of the oceans. The CCD contains a silicon
chip that is divided into cells or “pixels”. When
light hits a pixel, itexcites an electric chargein the
silicon, which then induces a charge in a tiny
electrode onthe surface of the chip.The charge
thenquickly passes from electrodeto electrode
down a whole rowof pixels known as “charge
coupling” and is read out at the edge of the chip.
The CCD technologyis alsoused inmany medical
applications, e.g. for imaging the inside of the
human body, both for diagnostics and for
microsurgery.

Todayoptical fibres make upthe circulatory
system that nourishes our communication
soclety. These low-loss glassfibres faciltate
global broadband communication suchas the
Internet. Light flows in thin threads of glass, and it
carriesalmost all of thetelephony and data traffic
in each and every direction. Music, video, Text and
images canbe transferredaround the globeina
splitsecond.Dr Kaocarefullycalculatedhow to
transmitlightover longdistances viaoptical glass
fibres. With a fibre of purest glass it would be
possibleto transmitlight signals over 100
kilometres,comparedto only 20 metres for the
fibres available previously. His passioninspired
other researchersto sharehis vision of the future
potential of fibre optics.The first ultrapure fibre
was successfully fabricatedin 1970.This is one of
the main technologies in modern photography. It
makes the capture and reading of light fast and
efficientanditessentially made photographic film
obsolete, the cost of capturing animage went
down to literallyzero. It is also one of the standard
technologies for investigationin astrophysics and



most importantly, it is not restricted tothe visible
spectrum. This mode of communication is
essential forhigh speedinternet andforms the
optical backbone of 21stcentury commerce.

Nobel Prizein Physiology and
Medicine

This year's Nobel Prize for physiologyand medicine
is sharedby threescientists: ElizabethH.Blackburn,
Carol W.Greider,and Jack W.Szostak for their
discovery “howchromosomes are protected by
telomeresandthetelomerase enzyme”.

Elizabeth H.Blackburn wasborn on26 November
1948 inHobart, Tasmania.She isan Australian
born U.S. biologist and done her Ph.D. at
University of California, San Francisco(UCSF), she
studied telomere,a structureat theend of
chromosomeswhich protects the chromosome.

Bornin1961at San Diego, California, Carol W.
Greidercompleted her Ph.D.inmolecular biology
in 1987 at the University of California, Berkeley,
under Elizabeth Blackburn.Presently, sheis a
Professorand Directorof MolecularBiology and
Genetics at the JohnHopkins Institute of Basic
Biomedical Sciences.She discoveredthe enzyme
telomerasein 1984 while workingwith Elizabeth
Blackburn. She pioneered researchon the
structureoftelomeres, theends of
chromosomes.

Jack W. Szostakwas born on 9 November 1952 in
London. Hecompleted his Ph.D.from Cornell
University (US).Presently, heis abiologist and
Professorof Genetics at HarvardMedical School
and Alexander Rich Distinguished Investigator at
Massachusetts General Hospital, Boston.He is

1"
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Fig. 5: Nobel Prize awardees in
Physiology and Medicine

Elizabeth H.
Blackburn

Carol W. Greider

Jack W. Szostak
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credited with the constructionof the world’s first
yeastartificial chromosome.This construction
helped him to mapthe location of gene in
mammals whichplayed apivotal roleinHuman
Genome Project.Dr Szostak'sdiscoveries have
paved theway toclarifytheevents thatlead to
chromosomal recombination, the reshuffling of
genes thatoccurs during meiosis andalso to
unravel the function of telomere gene.

(1952-11-09) The DNA of allorganisms (whether
prokaryotic oreukaryotic) multiply (getdivided)by a
process calledDNA Replication,suchthatthe newly
formedstrandof DNA is the exact copyof its
parent DNA.Thereplicationprocessis different in
prokaryotes andeukaryotes. Inprokaryotes the
circular DNA replicationis terminated by Ter
(terminus)-Tus (terminus utlisationsequences)
complex sequences.But terminationof linear
eukaryotic chromosome involves the synthesis of
special structure, calledtelomeres chromosome,
present atthe endof all eukaryotic chromosome.
Telomeresconsist oftandem repetitivearrays of
the hexameric sequence TTAGGG and play an
important protective rolein the cells. Their
presenceonthetips of chromosomes prevents
important geneticmaterial from beinglost during
celldivision. The overall sizeof telomereis ranging
from ~15Kilobase (kb) at birthsometimes 55kbin
chronic disease states. The telomeric repeats help
maintain chromosomal integrityand provide a
buffer of potentially expendable DNA. The ends of
telomeres areprotected andregulated by
telomere-binding proteinsand form a special
lanat-lke structure called thet-loop. This
packaging or protective capat the end of linear
chromosomesis thoughtto mask telomeres from
being recognisedas brokenor DNAdamage, thus
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Fig. 8: Chromosome and Telomeric DNA

(Source : physics.berkeley .edu/.../ yildiz/Re searc h.ht ml)

protectingchromosome terminifrom degradation,
recombination and end-joining reactions.

Fig 6 depicts thechromosome in blue colour and
the white point like structure present at the tip of
chromosomeis thetelomeric DNA.

The inabilityof DNA polymerase toreplicate the
end of the chromosome during lagging strand
synthesis (‘end replication problem’)coupled with
possible processingevents in bothleading and
lagging daughters, results inthe lossof telomeric
repeats eachtime acell dvides and ultimately
leadsto replicatve senescence. This problem is
solvedbythe Telomeraseenzyme'. The
telomeraseis aribonucleoproteinenzyme
essential forthe replicationof chromosome
terminiineukaryotes. ltis anessential enzyme
thatmaintains telomeres oneukaryotic
chromosomes.Theimportance oftelomeres was
firstelucidated inplants 60years ago.Little is
known aboutthe role oftelomeres and
telomerase inplant growthand development.
enzyme addingtelomeric repeats onto the 32 This
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ends (3primeends) ofthe DNALlimits. Telomerase
actlikeacellular reversetranscriptase enzyme,
which is RNA dependent DNA synthesis.
Theenzyme telomerase,which builds
telomeres,enables theentire lengthof the
chromosome to be copied without missing the
end portion.

Telomerase usesits integralRNA componentas a
templatein orderto synthesisetelomeric DNA
(TTAGGG]n, directly ontothe ends of
chromosomes. Afteradding sixbases, the
enzyme pauseswhile itrepositions (translocates)
the template RNA forthe synthesis ofthe next

6 bp repeat. This extension of the 32 DNA
template eventually permits additional replication
of the C-rich strand,thus compensating for the
end-replication problem.Average telomere
length, gives someindication of how many
divisions the cell hasalready undergoneand how
many remainbefore itcan nolonger replicate.

All telomereshave thesame shortsequence of
DNAbases repeatedthousands of imes. Rather
than containing any genetic information, these
repetitive snippets helpkeep chromosomes
intact.Short telomeresare morecommonin
oldercells; telomerecapping problems may be
related tothedevelopmentof age-related
diseases. Telomerase expressionisalso detected
ina majorityof cancers, but isabsent in most
somatic tissuesandcorrelates toclinical outcome
inanumber of cancer types.Cancer and aging
researchmergein thestudy oftelomeres. The
tails atthe ends of chromosomesthat become
shorteras acell divides, is defectedin cancer
cells.ltdivides continuouslyas cancercell has
uncontrolled growthregulatorysystem.

Role of Telomere and Telomerase in
Cancer

In cancercells,telomeres act abnormally; they no
longershorten witheach celldivision. Healthy
humancellsare mortalbecause theycan divide
only afinite number of times,growing older each
time they divide. It has been proposed that
telomere shorteningmay bea molecular
clockmechanism thatcounts the number of
timesacell hasdivided anrdwhen telomeres
areshort,cellularsenescence(growth arrest)
occurs.

The cancercell hasuncontrolled growth
regulatory system as itdivides beyondthe normal
limits. Telomerase isan enzymethat “rewinds”
themitoticor cellularclocks.Telomerase
strengthensand lengthens the shortened
telomeresin thecells,replacingthe bits of DNA
lost innormal celldivision. Iftelomerase stops
telomere shortening,those cells with telomerase
canliveforever. Sincemostcancercells contain
telomerase,researchers believe tisacritical
factorin conferringimmortality uponthese cells.

DrBlackbum andDr Greiderdiscovered the
enzyme telomerase,which is not activein most
adultcells butbecomes activein advanced
cancers,enablingcellsto replace lost telomeric
sequences anddivide indefinitely. Their discovery
therefore, mightaid incancer treatment. Lots of
work is going oncancer which is related to
telomeraseenzyme. Ifthe telomeraseactivity in
the cancercell stops orreduces thenitiseasy to
cure tosome extentthe cancerin persons.
Telomerase expressionis associatedwih the
stage of differentiation but notnecessarily with



the rate of cell proliferation. The inhibition or
absence of telomerasemay resultin cell crisis in
cancercells andtumor regressionincancer
patients. Theseresults suggestthat cancer
therapy basedon telomeraseinhibition couldbe a
more effectiveand safertreatmentforcancer; it
couldaswell provide amoreaccurate means for
diagnosing and predicting clinical outcome in
cancer.In addition,some inheriteddiseases are
now knownto be causedbytelomerase defects,
including certainforms of congenttal aplastic
anemia, and someinherited skin and lung
diseases.

Role of Telomere and Telomerase in
Aging

Naturalaging involves the telomeres,which over
time losetheirability toreplicate as frequently as
when theywere younger. Aging isa progressive
decline invitality over time leading to death. ltis a
side productof metabolism. The process of cell
divisionis calledmitosis. Eachtime mitosis
occurs, the telomeres of thedividing cells get just
abitshorter.Once acell's telomeres have reached
acriticallyshortlength, thatcellcanno longer
divide. Its structure and function begins to fail,
and somecells evendie. Thetelomere hypothesis
of agingpostulatesthatas thetelomeres naturally
shorten during the lifetime of an individual, a
signal orset of signals is givento thecells to
causethe cellstoceasegrowing(senesce).
According to, Dr Langmore, at birth, human
telomeres areabout 10,000 base pairs long, but
by 100 years of agethis has been reduced to about
5,000base pairs.Many scientists speculated that
telomereshortening could be thereason for
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aging, not only in the individual cells but also in
the organismas awhole. But theaging process
has turned out to be complexand it is now
thought to depend onseveral different factors, the
telomere beingone of them. Inthe absence of
telomerase, thetelomerewillbecome shorter
after eachcell division. Whenit reaches a certain
length, the cell maycease todivide andthey die.
Therefore,telomerase playsan essertialrole in
the agingprocess. Thereis little evidence that
commonly observedchanges inolderindividuals,
such asanemia and impairedwound healing,
resultfrom impaired cellular proliferation which
would bethe anticipated consequence of
shortenedtelomeres. Despitethe lackof clear
evidence forimpaired proliferation inaging there
is, infact, good evidence for progressive telomere
shortening inmany human cell types, including
peripheralwhite blood cells,smoothmuscle cells,
endothelial cells,lens epithelial cells, muscle
satellite cells, andadrenocortical cells, etc. The
proliferative capacity iscloselyrelatedto telomere
lengthin endothelial cells. Telomerelengths in
endothelial cells decreases asa functionof donor
age,with agreater decline being observedin cells
isolatedfrom the iliacartery. Thegreater decline
intelomerelengthwas observedin the cells that
have likely undergone more proliferation /nvivo,
becausethey residedinapart ofthe vascular
system where blood flow mightcause most
chronicdamage tothe endothelium.

Thediscoveries of the Nobel laureates has

added a newdimension to the scientific
community’s understandingof the cell,shed light
on diseasemechanisms, and introduced new
directions forthe developmentof potential

new therapies.
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Memories of people, events etc. are better stored
inthe form of photographs. In fact, the
technology of photography has been with us for a
longtime. Regular photograph “freezes” a two-
dimensionalimage of the three-dimensional
world, therebyenablingonlya two-dimensional
view of reality. Standard photographic film
registers thetotal lightintensity (whichis square
of amplitude of light wave] falling oneach point of
the film during exposure i.e. when the shutter is
open.The resultingimage is a two-dimensional
mapping which contains only the intensity
attributes of the wave. The phaseattributes of the
waverelated tothe depthof the fieldare therefore
lost. Anordinary photography,therefore, loses
the phase completely.It records only the
intensities. However, if both the intensity and the
phaseattributes of the waveare recorded,one can
get athree-dimensional image of theobject. This
is achieved by usingthe principles of what is
known as holography.

HOLOGRAPHY- THE FASGINATING WORLD

History

The technique of holographywas developed by the
Hungarian physicist Dennis Gabor in 1948 when
he wasworking inthe Research laboratoryof the
British Thomson-Houstan Company in Rugby,
England. This discovery wonhim the 1971 Nobel
Prize in Physics.

InfactGabor’s interestwas toimprove the
resolving power ofthe electronmicroscope. He
useda two-steplensless imagingprocess that
involvedinterferencebetween anobject wave
(emanatingfrom the object) anda coherent
backgroundwave (calledreference wave).The
resulting interference patternwas called a
“hologram”, after the Greek word Ao/os,meaning
whole as it contained the whole information. This
is known as therecording process. Recorded in
the interference pattern is not onlythe amplitude
distribution but also the phase of the object wave.



Quarterly Journal | March-June 2010

Thehologram has,however, little resemblance to
the object. It has init a coded form of the object
wave. The second stepin Gabor’s process, called
reconstructionprocess, involved reproduction of
the image. The hologram was illuminated by an
appropriate lightbeam whichformed the
reconstructed imageof the object inits true
three-dimensional form.

Although the principle of holography was laid
down by Gabor in 1948, it attained practical
importancein 1960only afterthe adventof lasers.
In1962Emmett N. Leith and Juris Upatnieks,
working in the Radar Laboratory of the University
of Michigan, succeeded in developing good quality
holograms usinglaserlight.

IN1962, YuriNikolayevitch Denisyuk of Russia
introducedascheme forgenerating holograms
thatwas conceptually similarto theearly colour
photographic process of Gabriel Lippmann. He
succeeded inproducing a white light reflection
hologram which, for thefirst time, could be
viewed inlight from anordinary incandescent
light bulb.

Another significantdevelopment in holography
took place in 1969when Stephen A.Benton of
PolaroidResearch Laboratories,
Cambridge , Massachusetts, U.S. A.succeeded in
creating white lightholograms. Depending on the
viewinganglethese holograms show allthe seven
colours constituting white light andare called
“rainbow” or Bentonholograms. In fact, such
hologramsare usedon creditcards, magazines
and othercommercial productsto prevent
forgery. They find extensive use in the field of
advertising, publishing and banking industries.
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In 1972, Lloyd Cross developed atechnique that
combinedwhite lighttransmission holography
with the conventional cinematography. In this way
he was able todevelop integral holograms, called
“integrams” Lookingthrough a transparent
cylindricaldrum, the three-dimensionalimages
can beseenin motion.Such holograms
describing motion findapplications in science
fiction movies.

In 2008, optical scientists under leadership of Tay
Peyghambariam workingat the University of
Arizona College of Optical Sciences in
collaborationwith Nitto Denko Technical
Corporation, Oceanside, California, U.S.A. could
make 3-D holographicdisplays thatcould be
erased andre-writtenina matterof minutes.
Their device consisted of a special plastic film
sandwichedbetween two pieces ofglass each
coated witha transparentelectrode. Inthis device
theimages are “written” withthe helpof laser
beams andan externallyappliedelectricfield into
the light-sensitive plastic called ‘photorefractive’
polymer. The holographic displays inthis new
technique are capable of showing anew image
everyfew minutes.

Principle of Holography

Holography isactually atwo stage process which
involves:

(i) Recording the hologram; and
(i) Reconstructionof theimage from the hologram.

For recordingthe hologram, ahighly coherent
laser beam is divided by abeam splitterinto two
beams, A and B. Thebeam A, known as the
reference beam, hits the photographic plate
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Fig. 1. Reading of a hologram

directly. Thebeam Billuminates theobject whose
hologram isto berecorded .This gets scattered by
the object.The scatteredbeam, calledthe object
beam, impinges on the photographic plate. The
superpositionof the object beam and reference
beam produces aninterference patternwhichiis
recorded on the photographic plate. The
hologram thus recorded is quite unintelligible and
gives no idea about the image embedded init.
However, itcontains all the informationabout the
object.

For viewingor reconstructing theimage, the
hologramisilluminatedbythe laserbeam, which
is called theread-out beam.This beamis identical
with thereference beam usedduring the
formation of hologram. The points on the
hologram act asdiffraction grating. The waves
diffractedthrough the hologram carrythe phases
andamplitudes ofthe waves originally diffracted
from the object during the formation of
hologram.The diffractedbeam ingeneral, gives
riseto twoimages-one virtualand the other real.
Thevirtual image has allthe characteristics of the
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HOLOGRAPHY-THE FASCINATINGWORLD OF 3-D VIEWING

Kl imaps
Wi heal e

Fig. 2: Reconstruction of the image

object and can be seen on looking through the
hologram. Thereal image, called pseudoscopic
image, can be photographed directly without
usinga lens.

Instead of aconventional photographic film,
holograms can alsobe recordedby usinga digital
device, e.g.a charged-coupleddevice (CCD)
camera. Knownas digital holography, the
reconstruction processin this case canbe carried
out by digital processing of the recorded
hologram using astandard computer.A three-
dimensional image of the object canlater be
visualized ona computerscreen or TV set.

Applications of Holography

Holography has widerange of applications in
diversefields. We shall mentionhere someof the
important applications of holographyin science
and technology.

Animportant application of holography is in the
field of information ordata storage. The ability to
store largeamount of information is of great
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importance,as manyelectronic products
incorporate storagedevices. Theadvantage of
holographic datastorageis that the entire volume
of the recording media is used instead of just the
surface. Producingholographic CD storage is
underintense researchand itis estimatedthat L TB
(terarbite) data canbe stored on aholographic CD.
Certainly,holographic datastorage seemsto have
the potential of becoming the next generation of
popularstorage media.

Another major application of holography is in the
coding of information for security purposes and
in preventingforgery. Holograms having security
features areoften usedin credit and bank cards,
books, DVDs,branded products, etc.Some Indian
and foreigncurrency notes too carrythe security
holograms.

Holographic microscopy isanother potential
application of holography. As is known, a
conventional microscope has a smalldepth of
field (the range of depth over which an object is in
focusat anymicroscopic setting).Biological
specimens,generally suspendedin afluid, move
about making them sometimes inand sometimes
out of focus of the microscope. However, this
motion canbe “freezed” in ahologram taken
through the microscope. Thereconstructed 3-D
image can thenbe studiedat leisure.

Holographicinterferometry isyet another
significant application of holography. lt can be
usedfor testingstresses, strainsand surface
deformations inobjects. Holographic
interferometry was actually achancediscovery
made in 1965 by a number of groups working
around the world. R. L. Powell and K. A. Stetson at
the University of Michigan, Ann Arbor, made an
interesting discovery in thatyear. They found that
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the holographicimages of movingobjects are
washed out. However, ifdouble exposure is used,
first with the object at rest and then invibration,
fringes willappear indicatingthe lines where the
displacementamountedtomultiples of a half
wavelength. Inthis way,Powell and Stetson could
reconstruct vibrationalmodes of a loudspeaker
membrane anda guitar. The principle of
holographicinterferometry bydouble exposure
was discovered simultaneouslyand independently
in1965by Haines and Hildebrand of the University
of Michigan, Ann Arbor and also by J.M. Burchin
England and by G.W. Stroke and A. Lebeyrie in
Ann Arbor, Michigan.

Non-destructive testing byholographic
interferometryisa veryimportantindustnal
application of holography. The technique is ableto
detectevensmallest defects.Applications of
holographic interferometry have, therefore, resulted
inthe improvementand reliabilityof products.

Medical diagnosticsis anew and emergingfield of
the applications of holography. Some of the
prominentfields of medical sciencesin which
holographic technologyis usedare radiology,
dentistry, urology, ophthalmology, orthopedics,
pathology and so on. In the field of
ophthalmology,for instance,any retinal
detachmentor foreignbody caneasily be
detected.

Although holography has applications in diverse
fieldsitstill isarelativelyexpensive procedure.
However itis expected thatwith time wewould be
able toget over the costfactor and holography
will thenhave manymore applications even in
everyday life. There is no gainsaying the fact that
potential for holographictechnology is indeed
limitless.
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In recent times, ‘Episodic Conceptualisation”has been identified asone of the origins of pupils’ altemative
conceptions. It is hypothesized that the episodicformat ofthe form, content, and mode of presentation of the
concepts ‘KineticEnergy” and ‘Work' in the textbook aswel asin the classroom by the teacher is likely to
generaein the minds of thepupils twoisolated, mutually independent cognitive structures. It is conjectured that
any task, which demands conceptual and/or mathematical correlation between these two concepts, is likely to
bringto the forepupils altemnative conceptions tha are refledions of the above ‘Episodic Conceptualisation”. The
results of the present study do indicate that there are enough evidences to putfaith on our hypothess and

conjedure in theframework of these two concept labels.

Introduction

The form, structureand focus of pupils’
alternativeconceptions (hereafterreferred as
ALCONs] inthe recognizable cognitive structures
of pupils and theirimportance for the teaching-
learningprocess have been well documented in
the lasttwo decades throughintensive and
extensiveresearches onitemised concepts.
Informative reference details ina discipline-wise
classificationformat canbe obtainedfrom the
monograph by Pfundtand Duit (1994). These
studiesareinteresting toresearchers, informative

for curriculum framers, and educative for
students of science education. But, ina
framework of research forteaching” and
‘teaching forresearch’, the full potential of these
findings in helpingthe classroom practitioner to
improve /modify his/herteaching strategies so
that pupils can be helped toconstruct their
conceptsin away theteacher expectsthem to
construct, isyet tobe realised. Infact, inan earlier
paper,Driver (1989)had commentedthat the
efforts tooptimise meaningful learningby using
these findings in classroom situations have
resulted inpartialtoapparent success.
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We suggest that thefunctional limitation of the
efforts couldbe due to the following reasons.

(1

2)

The individualistic character of ALCONs has
remained the main hurdle that has
appreciably reducedthe applicability of our
wealth ofknowledge in thisarea. If, ina class,
thereare 30pupils, thentheoretically there
will be 30 independent ALCONSs for each new
concept that is going to be taught. Thus, to
diagnose these 30ALCONs and then use
them meaningfullythrough cognitive
negotiation so as tohelp the pupils construct
thenewconceptbecomes aHerculean task
for theteacher. Insome school systems, the
number ofpupils ina classis actually

more than 30 thereby compounding the
problem further.

Allthetechniquesavalable inthe literature
have been used onlyto identify the ALCONs
and not to diagnose their genesis. This is like
identifying a disease without diagnosing its
cause. Sinceitisacceptably truethat any
prescription is as goodas the quality of
diagnosis about the cause, it is obvious that
suggestions as wellas efforts for the use of
the researchfindings (about ALCONs)ina
classroom situation will have limited utility in
theabsence of confirmedevidences
regarding the genesis of the ALCONSs.

Onepossible wayto removethe two limitations at
a singlestroke isto attemptto locate the genesis
(thereby improving the functionality of a
prescription) thatis likelyto producea common
ALCON ina group of pupils (thereby eliminating
the problems createdbythe individualistic
character ofthe ALCONs).
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Hence this study, which makes aneffort to
reconfirmEpisodic Conceptualisationas a
possible cause of group ALCONSs as identified
earlierbyMohapatra (1990),at leastin Indian
conditions.

Episodic Conceptualisation

Classroom teachersare oftenheard tosay, “We
have nowfinished ‘Mechanics’; in the next class
we moveon to ‘Gravitation™”,or, similar
statements inother discipline areas. This

‘atom ized' view is seenin theschool curric ulum,
in teaching methods, and evenin most of the
textbooks, at leastinthe Indian context. A
comprehensiveexample couldbe —in textbooks,
‘Simple Harmonic Motion” or ‘'SHM'is included
inthe ‘Mechanics’chapter. SHM'is again
discus sedwith a different emphasis in the
chapter on ‘Waves'. 'SHM'reap pears with
different variables andthrusts in "A.C. Circuits’.
And, finally, the principles of 'SHMare again
used anddiscus sed under wavetheory of
‘Optics’. Eachunit istreated asan isolated
episodeand sometimesevenasa consumption
ofide ntifiably differentsub-episodes. For
example, in physics textbooks, the unit on
‘Mechanics’ usuallycontains kinetics of linear
motion, uniform circular motion, and rotation of
rigid bodiesas different sub-epis odes.

How is this episodicformat likelyto affect
conceptualisationby pupils?In a Piagetian sense,
each pupilinternalises a conceptby going
throughthe processes of assimilation,
accommodation,and arrivingat astate of
equilibration.In aConstructivist Framework
(Glasersfeld, 1992a):1992(b); 1993)these three
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processesare controlledand effected by the
pupil’s ALCONSs, his/her ‘Cognitive Preference’
(Tamir,1985), his/her Conceptual Categorisation’
(Hewson and Thornley, 1989;Mohapatra,1999),
and finallyresult ina Conceptual Change’ (Posner
etal,1982; Hewsonand Thornley, 1989; Scott,
Asoko andDriver, 1991; Mohapatra, 1997). With the
acquisition of a new concept through conceptual
change leading to equilibration, one of four
possibilities mayoccur:

(@) The boundary ofthe earlier equilibration
may changeto engulf the newconcept. This
is likelyto happen when the pupil discovers
a cognitive link between the new concept
andan extensionof thealready internalised
old concept(Conceptual integration:
Hewson, 1981; Posner ef a/,1982; Villani,
1992; Mohapatra, 1997).

(b)  Thenew conceptmaybeaccommodated in
the domain of the existing equilibration by
developing new substrates (Cornceptual
extersion: Mohapatra, 1997).

() The newconcept maybe incorporated
straight awayin the existing structures
(Conceptual capture: Hewson,1981; Posner
et al, 1982; Mohapatra, 1997).

(d)  Anewanddifferent state of equilibration
may startto beformed, if the new concept
presentedis intelligible, plausible and
fruitful, but is in dissonance with the
existingstructures (Villani,1992; Mohapatra,
1997).

The episodic formatof the presentation of
different units and sub-units in the textbooks and
the classroomis likelyto induce the pupil to

develop pockets of isolated,unconnected states
of equilibration. This form of internalisation and
informationprocessing of concepts maybe called
‘Episodic Conceptualisation’(EpiCon). Claxton
(1984]) calls concepts internalised by thepupils in
this process of conceptualisationas ‘mini-
theories” as it highlights the fact that the pupil
does not havea complete,comprehensive and
coherent theory,but has many littleislands of
knowledge.

It is hypothesized (Mohapatra,1990) that

(@  Inthe frameworkof such episodic cognitive
structures, if a pupilis asked a question that
needs the simultaneous utilisation of
different states of equilibration, then he/she
is likelyto giveresponses whichwill be
categorised asmanifest ALCONSs.

b)  SincesuchanEpiConislikely totake place
inside aclassroom, itwill probablyaffect a
group of pupils simultaneously andina
similar way.Hence aneffective classroom
strategycan perhapsbe designedto erase/
modify the consequent ALCONSs.

() Assuming the exstence of the phenomenon
of EpiCon it is proposedthat, wherever a
simultaneous applicationof morethan one
episode isdemanded from the pupil, there
will be two processes throughwhich the
ALCONs maymanifest because of the
EpiCon. First,the process of misuse’- the
pupil maymisuse one or more of the concepts.
The misuse could be in the form, structure,
and/or domain of validity of the concepts.
Second, the ‘process of nonuse - the pupll may
not use oneormore of the relevantconcepts
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and thusmayarriveata conclusion whichwill
beregardedasan ALCON.

‘Kinetic energy’ and ‘Work’: the
Background

Children areexposed ata veryearly ageto the
term ‘energy’, if not through textbooks, at least
throughmultimediaadvertisements (Indian
context],as “BeverageXisthe source of my
energy.” Childrensee onthe TV screenthat the
person (model) drinks a cupof the beverage X and
starts runningvigorously, ultimately securing first
position ina race. Regular viewing of such
advertisements obviously creates inthe mind of
the childan ‘anthropocentric’ framework (Watts,
1983; Finegoldand Trumper,1987; Trumper,
1990),i.e. ‘energy’is associatedwith human
beings. With this framework a cognitive image
wheretheterm energy’seems tohaveclose
association with a picture of vigorous expression/
activity (ala kinetic energy) alsogets embedded.
Further, thechild mayalso getreinforcement of
suchan ideationalstructure from (Elkana, 1967)
the Oxford EnglishDictionary, which defines
‘energy’ as force of vigour or expression”and
tracesit backto 1599.

In Indian schools, the concepts of ‘work’ and
‘energy’are includedin £nvironmental Studlies up
to Class Vinan informal way highlighting the
everydaymeaning of these conceptsrather than
their formal scientific meaning.AgaininClass VI
these conceptsare presentedin amixed manner
along with food" in the chapter on Components
of Food. In Classes Vlland VI, the concepts are
almost absentfrom thetexts. The concepts of
‘work”and ‘energy’ are formally introducedin the
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science textbookat Class IXin the chapter titled,
Work and Energy.Starting withthe everyday
meaning andscientific meaning of the term
‘work’,work done by a constant force is defined
as theproduct ofthe forceand displacement
occurring in the direction of the force. ‘Energy’is
then expressed interms of ‘work'- “An object
having a capability to dowork is said to possess
energy”. Kinetic" and ‘potential’ forms of energy
are introduced next. Mathematical expression for
kinetic energy possessed by a movingbody is
derived.Mathematical relationfor computing
potential energyis also workedout for the case of
a bodyraised againstgravity. Alsodiscussed are
the transformationof energy from oneform to
another andthe law of conservationof energy (not
the law of conservation of energyand work]).

Thus, by the end of Class IX, the pupils are
expected to have definite ALCONs about energy in
generaland kinetic energy inparticular aswell as
aboutwork.These ALCONs will ultimately control
(Ausubel, 1968) their degree of meaningful
learning about ‘energy”and ‘work’, taken in
conjunction.

There have beena numberof studies (Watts, 1983;
Duit, 1984; Bliss & Ogborn, 1985; Gilbert & Pope,
1982,1986; Trumper,1990,1993,1996,1997;
Finegold & Trumper, 1989) onpupils’ ALCONs
about energy. Attempts (Watts,1983; Trumper,
1997) have alsobeenmade to categorise the
ALCONs intoclasses. However,to the bestof our
knowledge, no work is reported in the literature
which makes efforts tolocate pupils’ALCONs as
well astheir genesisinthe conceptualinterface
between kinetic energy”and ‘work’, although this
is animportant areasince energyis definedas the
ability to do work.
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Episodes involving ‘Kinetic Energy’
and ‘Work’

The following sub-episodes, involving kinetic
energy and work, were identified by

e analysing the science textbooks(NCERT) of
classesVlto X,

e observing actual classroom teaching,
e discussingwith practicingteachers, and
¢ interviewing pupilsof theabove classes.

Eachsub-episode isfollowed bya heading
‘Result’,which indicates the thought process (as
revealedthrough interview) of the pupils because
of theinternalised sub-episodeand also
highlights the details of misuse and/or nonuse of
an episode by the pupils.

E1: Kinetic energy ofa body depends on its
velocity.

Result

(a) Velocityisthe only key factorof kinetic energy
of abody (This indicates misuseof E1).

[b] Some pupilsare of the opinionthat same
kineticenergy means the samevelocty (This
indicates misuseof E1).

() Contribution of mass of a body to its kinetic
energy is rarely takennote of (This indicates
nonuse of the fact that kinetic energy of a
body dependsalso onits mass).

E2: Work is definedas the product of the
applied force and the displacement of the body
in thedirection ofthe force.

Result

(a) Work -Force " Distancetraveled [This
indicates (i) misuse of E2, (ii) nonuse of the
vector propertyof forceand displacement,
and [iii) misusing ‘distance’as synonymous
with ‘displacement’].

[b) Asa corollaryof (a)above - If abody travels
through a distance due to the application of
aforce, then work is done even if the
displacementis zeroor theangle between
the applied force and displacement is 9 0°.

(c) Forworktobedone there must be
application of a visible forcelike a pushora
pull (This indicates nonuse of the statement
that "Energy is the ability to do work’”and
consequently, a bodyhaving energy cando
work].

E3:Conversion of potential energyto kinetic
energy in the case of vertical free fall of a
body.

Result

(&) Bodiesreleased fromthe same height will
attainthe samevelacity onreaching the
ground. So, they will have the same kinetic
energy[This indicates misuse of E1 and
effects of Result’ (b)and [c] of E1].

[b) If two different bodies arethrownvertically
up and have the same kinetic energy atthe
moment of throw, they will rise to the
sameheight (This indicates misuse of E1
and E3).

E4: Becauseof E3the concept of gravity and
gravitational forcebecomes a sub-episodein the
cognitivedomain of work andkinetic energy.
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Result
(a)

Largerbodymeans largergravitational force
andhence largervelocity resultingin higher

kinetic energy (Thisindicates misuse of E4).

E5: Becauseof E2, the conceptof force
becomesa sub-episodein thecognitive domain
of wokand kinetic energy.

Result
(@)

Sameforce actingforthesame timeleads to
sameamount ofwork andsame kinetic

energy (This indicates misuse of E1and E2).

(b) Itis difficult to stop heavier bodies in motion
(This indicates misuse of E2 andthe concept
of force).

() Asasubset of (b], above conclusions about

the effect of force of friction (introduced in
ClassVIl) aresimilar to(b) above.

Eé6: ‘Energy’,in general,and ‘kineticenergy’, in
particular, and ‘work’ are different episodes.

Result
(a)

Difficult toconceive aboutthe inter-
conversion of kinetic energy and work (This
indicates nonuse of E1,E2 and the concept

that ‘Energy is the ability to do work’].
Method
Tool

The tool consists of six problems [Annexure - 1).
Allof them are conceptual ones althoughsome of
themcarry numerical dataaboutmasses of
objects involved inmotion. Each question has
three choicesas responses and the subjects were
asked to tick the one that in their opinion was the
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correct response.Care was taken toprovide some
space afterevery question,requesting the
subjects to write downthe reasons for ticking any
particularresponse. This provision was made to
probe their thought process. One (Q.4) out of the
set of six questionswas intentionally framedin a
form similar to thatin the prescribed textbook
with the intention of peeping into the stabilised
imprint in the minds of the pupils as produced by
the textbook. The tool was finalised after initial try
out ona sample of 50 pupils of Class X.

Sample

The sampleconsists of 334 pupils of Class X
drawn from 5 schools, in and around the city of
Bhopal.Care was taken toinclude government
schoolsand schools run by private trusts.All the
schools chosen were affiliated tothe Central
Boardof SecondaryEducation (CBSE), New Delhi,
India. This choice was prompted by the following
considerations.

¢ The mediumof instruction inall these
schoolsis English. This uniformityis likely
tominimise differentiated ALCONs arising
out of linguistic differences.

Allthe schoolsfollow the same textbooks
and hencethe effects that arelikely to
manifest due todifferent textbooks are
almosteliminated.

¢ As part of the conditions of affiliation, the
scienceteachersofalltheseschoolsare
graduates whohave gone thoughat least
one year of professional teacher training
programme.This is likely tobring some
normative effect onthe teaching inputs and
styles of teachingscience inthese schools.
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e Eventhephysicalfaclities intheseschools

are abovean optimalminimum, again

because of the same affiliation conditions.

e Last, butnot the least, thediscipline inall

theseschools isabove satisfactorylevel and,

asaresult,rarelyclassesare dropped
becauseof uncalledforreasons.

In Table1, NCERT stands for National Council for
Educational Researchand Training, the apex body

of the Government of India looking after the
quality of school education, KVSacronym for
KendriyaVidyalaya Sangathan,and JNVSis that
forJawaharlal Nawodaya Vidyalaya Sangathan,

(a)

(b)

The firstquestion calls forthe understanding
of conversion of kinetic energy to work
againstthe frictional forces of the brakes.
But, from the pupils’point of view, several
sub-episodes, like kinetic energy, work,
frictionalforces, theireffects keepingin view
the differentmasses of the twovehicles etc.
comeinto play.

The second question, though seems to be
familiar from the pointof view of the pupils,
is actuallydifferent inthe sensethat pupils
study the conversion of kinetic energy to
potential energyonly in the caseof a body

Table 1: School-wise number of students of Class X constituting the sample

Name of the school

Demonst ration Multi- purpose Schoo | (DMS)

Kendriya Vidyalaya No. 1 (KV 1)
Kendriya Vidyalaya No. 2 KV 2]
Carmel Convent(C C)

Jawaharlal Navo daya Vidyalaya (JNV]

latertwo beingthe school systems alsounder the

Government of India.

Administration

In thetrial administration, it was observed that
pupils took about 30 minutes to complete the

test. Thus, thetest was administered ina regular

classinpresenceof theclass-teacherandina
pupilfriendly atmosphere.

Results and Discussions

Thefollowing canbeeasilydiscerned from
the tool.

(d

No. of pupils Remark
57 Runby NCERT
74 Runby KVS
58 Runby KVS
101 Run by private trust
A Run by JNVS

falling freely under gravity. Thinking this to be
a similar phenomenontheymay eventick the
third option, thereby forgetting that potential
energy of a body raisedto a height 'h"is mass
dependent because this potential energy is

the work done against the gravitational force.

In the third question they are again
confronted with the situation of work being
converted to kineticenergy. However, in the
context of work, the concepts force”and
‘distance’are sodeeply embeddedin their
minds thatthey are likelyto forget therole of
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time interval here and be guidedby their
episodic conceptualisation [Refer Result’ (a)
of EB].

(d) Question 4 should be most familiarto them
as ithas adirect correspondence withwhat is
taught in the class, but data regarding
masseswill perhapsexcite their minds
another episodeinvolving forceand mass
apart from the episode of conversion of work

to kinetic energy.

(e} Question 5is again a variation of what they
have studied and it brings into play the
episode of initial kinetic energy along with the

episode offree fall.

() Questions 1and 6 have the same conceptual
structure but the situationin Q.1 is familiar to
the pupils and thatin Q. 6, is unfamiliar. This
unfamiliaritymayactivate dfferent episodes
in different pupils.Hence the pattern of
responses of Q. 1and Q. 6, though expected

to besimilar, is likely to be different.

Percentageof pupils preferringparticular
responses arepresented inTable 2. InTable 2
asterked responses arethe correctones.

After thetest was administered, the pupils
preferring incorrectresponses wereengaged in
group discussions. Theindications received from
written explanations by the pupils and the group
discussions about theinterplay of episodes are
shown in thelast columnin Table2. In some
casesit wasdiscovered thatpupils arrivedat even
the correctresponses byemploying wrong
reasons, an exampleof whichis givenbelow.

Researcher : Against Q. 2 you have ticked the

response (a) as correct.

Pupil : Yes,Sir.

Researcher : Congratulations,that isthe correct
answer.

Pupil : Thank you, Sir.

Researcher : But letus discussthis alittle more.
How didyou arrive atthis answer?

Pupil : Sir,itisvery simple.

Researcher : What is sosimple about it?

Pupil : Sir, if the bodyis light, a force will
producea greatervelocity init. (*]

Researcher : Greater velocityor greater
acceleration?

Pupil - Sir, ultimatelyit amounts to the
samething. (*¥]

Researcher : Then............

Pupil : Sir, ifthe velocity is greater,then the
body willrise to agreater height.

Researcher : But in this case,the force which is
acting due to gravity is downwards
and the body is moving upwards.

Pupil . (Thinks] ... Sir... Yes ... Sir... But ...

Researcher : So, what is ‘But'™?

Pupil . Sir, | do not know. But | know A's

velocity willbe moreand itwill rise
to a greater height. (***)

The response,(*], clearlyshows theactivation of
E2 and manifestationof an ALCON. Response,
(*¥),is also anALCON arising out of conceptual
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Table 2 : Percentage of pupils preferring each re sponse, question-wise
(The asteriked responses are the correct ones)

1. a 210 405 39.6
b 50.8 432 37.9
c* 28.0 16.2 20.7
2. a* 73.7 7.6 56.9
b 263 17.6 258
c 1.8 13.5 17.2
3. a 64.9 48.6 534
b* 263 28.4 224
¢ 12.3 203 293
4. a 15.8 44.6 13.8
b 68 .4 405 551
c* 15.8 13.5 310
5, a 70.0 405 48.3
b* 10.5 4.0 6.4
c 17.5 52.7 431
6. a 420 54.0 5E.2
b 52.6 230 241
c* 35 14.9 18.9

continuity (Mohapatra and Bhattacharya, 1989).
The response, (***), shows an adhoc element in
the conceptualisationscheme ofthe pupil.

Some of the identified key ALCONSs arising out of
the episodic nature of internalisation of the
concepts 'kinetic energy” and ‘work' in this study
arethe following.

* Theloaded truckwill travela longer
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515 45.4 410 ES, E6
27.7 27.3 36.8 E2, E6
16.8 273 20.6

80.0 6l.4 70.6

14.8 31.8 215 E4, ES
30 6.8 8.1 E3
42.6 47.7 503 E1, E2
28.7 295 272

13.8 18.2 18.3 E2
34.6 341 299 El, E2, E6
34.6 45.4 46.7 El, E2, E6
317 13.6 22.4

60.4 432 533 E4, ES
10.9 9.1 8.2

24.7 47.7 32.7 E4, ES
49.5 54.5 50.9 E2,E5, E6
31.7 25.0 311 E5, E6
16.8 204 14.9

distancebecause itsmass ismoreandit will
be difficult to stop it.

e Two bodies of differentmasses thrown
vertically upwards with the samekinetic
energy willrise tothe same height because
their kinetic energy isthe same.

¢ Iftwobodies are acted uponby the same
forcefor thesame timethey will have the
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same kinetic energyas the time for which
the forceacts isthe same.

If twobodies are acted uponby the same
forceuntil theytrawel thesame distance,
then the lighter body of the two will have
greaterkineticenergyasits velocitywill be
larger.

If twobodies arereleased from the same
height with the same kinetic energy, then
both willreach theearth’s surface
simultaneouslysince the height of release is
the same.

At this time, it is worthwhile to look at the
responses to Q.4, whichwe thought was most
familiar tothe pupils. Even inthis case, about
15per cent to 30 per cent pupils of various
schoolsand 22 per centwhen all schools are
takentogether, have ticked the correct response.
For therest 78 per centtheir episodic
conceptualisationhas controlledtheir responses.
This again indicates the strong effects of episodic
conceptualisation. We also notein passing that in

some cases the percentages do not add up to 100.

This isso because inthose cases some pupils did
not tick any of the responses.

Conclusion

By afairly broad-basedstrategy we have identified
in this study the structures of the episodes/sub-
episodes in the minds of pupils in the domain of
interaction of the concepts ‘kinetic energy” and
‘work’. Through discussions with the pupils and
their writtenexplanations, the possible ALCONs
generated by these episodes/sub-episodes have
beenlocated. Theinterplay of the episodes/sub-
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episodes (which areperhaps unconnected
structures inthe pupils’comprehension domain)
when morethan oneofthem is simultaneously
activated, is theninvestigated to diagnose
manifest ALCONs. Thetool used for this
comprises sixconceptual problems.
Consequently, it did not put any demand on the
skills of the pupils such as

e numerical computation,

e transformingsymbols informulae to

numbers by substituting the given data, and

interpretation of the results, obtained
throughnumerical calculations.

Thus, any ALCONs, which arelikely to arise out of
the pupils'deficienciesinthese skills,have been
minimised.

Toeliminate the ALCONSs, thefollowing strategies
are suggested,which can be usedto promote
meaningful learningand reduce episodic
conceptualisation, in this context, to the
minimum.

¢ Enough emphasis be given on the
interchangeability of ‘energy” and ‘work’, in
general and ‘kinetic energy” and ‘work’, in
particular, keepingin viewthe accepted
definition that energy is the ability to do
work.

Activities be developed todemonstrate the
above interchangeability. As for example,
pupils maybe askedthe following:

We know that aduster onthe table has
potential energyequalto mghwhere m
is the mass ofthe dusterand Aisthe
height of the table.Since ‘energyis the
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ability to do work’, design an experiment
to show that the duster can dowork.

— Thought provoking, interesting and
challenging conceptual problems may
be given.As for example,

— Whenabow is taut, it is said that the
bow has potential energy. Describe how
this energy istransformed to work.

— Asteel ballis rollingon atable having

friction.After travellingsome distance
it comesto rest.In theabove process
describe who is doing work.

Of course,each ofthe problemsused hereas test
items of thetool mayalso beused as problems in
aclassroom situation.

One of the authors is thankful to R. Trumper for
providing a few supportive literatures involving the
conceptof energy.
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Learning does not just mean studying for addition
to qualifications or to improve job opportunities.
It should be geared up to open up one’'s mental
abilities toexplore awide range of activities that
facilitate widening the horizon of understanding
nature and natural phenomenabesides expanding
scope for and physical opportunities. NCERT is
committed tobuilding aworld-class education
and trainingframework. In orderto accomplish
its mandatefor improving the quality of school
education it strives continuously to develop,
upgradeand modernise school curriculum,
assessments andexaminations. Main objective of
these interventions is to provide a coherent and
integrated curricdlum andassessment
framework forschools, which,in turn,may raise
standard ofachievement andwideneducational
opportunity.

Nanoscienceand nanotechnologyhas ledto an
unprecedented excitementin the scientific and
engineeringcommunities, especiallyduring the
lastdecade. Therecentrevolutionaryadvances in
nanoscale phenomenaopen exciting, new avenues

W

for researchand discovery.The potential
contributions of advances in nanoscale
phenomenatoimprove humanhealth created
even moreexcitement byenvisioning new
biomaterials,devices andtechniques for
biological detectionand remediation.Thus, issues
suchas synthesis, fabrication and
characterisationof functional nanomatenals and
nanostructures forbiomedical applications
(molecularrecognition, nanotubes, nanowires,
nanoparticles, self-assembly, polymer-based
nanomaterials, thin films, medicalimaging,
diagnosis andtherapy, etc.) become very
important. In recognition of this potential, we are
proposinga new curriculum atsenior secondary
level school education.Wealso providea lesson
plan thatwould help teachers indealing with this
topic of interest.

Nanotechnology dealsintherealm ofthe nearly
invisible. Theword comes from the Greek nanos,
meaning “dwarf”.But by mostaccounts, the
technology’s potentialis anything but small.
Scientistsandengineers can now physically work
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withmaterials atthe atomic level tocreate stain-
proof fabrics,scratch-resistant paintsand longer-
lastingtennis balls.And researchers say new
medical diagnostictools andsmaller,more
efficientfuel cellsand batteries based on
nanoscienceare onthe way.

According to Chad Mirkin, Director of the Institute
forNanotechnology at Northwestern University,
“It has only been inrecent times that we've had the
tools thatallow usto manipulateatoms and
molecules. Thereis abig shift herein theway we
approachscience andthe waywe approach
engineeringand ultimatelythe waywe approach
medicine. And | think in many respects it is
revolutionary.”

From computerchips invisible to the nakedeye to
microscopic machines thatseek outand destroy
cancersinside the human body, many scientists
contend that the potential of nanotechnology
could be endless, but not without controversy.
There are hundreds of nano-enhanced products
already inthe marketplace.But thereare virtually
no regulatoryguidelines fortheir manufacture
and distribution.

NanotechnologyLesson Plan

This lessonplan has been preparedto serveas a
modeltohelpsenior secondaryschool science
teachers todevelop their own plan foran
introduction to nanotechnologyina classroom
setting.

Introduction to the Concepts of Nanotechnology
is the study anduse of structures between 1
nanometre and 100 nanometresin size.

Ask the students : What isthe smallestthing
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you canimagine? Answers might includea human
hair, the head of a pin, or an atom.

Reading : Now have students readthe following:

Introduction to Nanotechnology

Nanotechnology is defined as the study and use of
structures between 1nanometre and

100 nanometres in size. To give you an idea of
how small that is, it would take eight hundred
100nanometre particles side byside tomatch the
width of a human hair.

Looking at Nanoparticle

Scientists have been studying and working with
nanoparticles forcenturies, butthe effectiveness
of their work has been hampered by their inability
to seethe structure of nanoparticles.Inrecent
decades thedevelopment ofmicroscopes capable
of displayingparticles as small asatoms has
allowed scientists to seewhat theyare working
with.

Figure 1provides acomparison of various objects
to helpyou begin toenvision exactly howsmall a
nanometre is. The chartstarts withobjects that
can beseen by the unaidedeye, such as anant, at
the top of the chart, and progresses to objects
about ananometre or lessin size, suchas the
ATP moleculethat storeenergy from food in
humans.

Nowthat youhave anidea of how smalla scale
nanotechnologists work with, consider the
challenge they face. Thinkabout how difficult itis
for many of us to insert thread through the eye of
aneedle. Suchan imagehelps youimagine the
problem scientists have while workingwith the
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nanoparticles thatcan beas muchas one
millionth the size of the thread. Only through the
use of powerful microscopes can theyhope to
‘see”andmanipulate these nano-sized particles.

The Nanotechnology Debate

There are many different points of viewabout the
nanotechnology. These differences startswith the
definition of nanotechnology. Some define it as
any activitythatinvolves manipulating materials
between onenanometre and 100 nanometres.
However, the original definition of
nanotechnology involvedbuilding machines at the
molecuarscale andinvolves the manipulation of
materials onan atomic(about two-tenths of a
nanometre) scale.

The debate continues with varying opinions about
exactly whatnanotechnologycanachieve. Some
researchers believe nanotechnology canbe used
to significantly extendthe human lifespan or
produce replicator-likedevices thatcan create
almost anythingfrom simple raw matenals.
Others see nanotechnologyonly asa tool to help
us do what we do now, but faster or better.

The thirdmajor areaof debate concerns the
timeframe of nanotechnology-related advances.
Will nanotechnologyhave a significantimpact on
our day-to-daylives in adecade or two,or will
many of these promisedadvances take
considerablylonger tobecome realties?

Finally, allthe opinions about what
nanotechnologycan helpus achieve echo with
ethical challenges. If nanotechnology helps us to
increaseourlifespans orproduce manufactured
goods from inexpensive raw materials, whatis the
moral imperative about making such technology
availabletoall?ls there sufficientunderstanding
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orregulation of nanotech based materials to
minimise possible harm to usor our
environment?

Only tmewill tellhow nanotechnologywill affect
our lives, the following topics will help you
understand the possibilities andanticipate the
future. The followingsectionis dedicated to
provide clearand concise explanations of
nanotechnologyapplications.

Nanotechnology Applications

Theability tomanipulate nano-sizedmaterials has
opened up a world of possibilities in a variety of
industriesand scientificendeavors. Because
nanotechnologyis essentiallya setof techniques
that allowmanipulationof properties ata very
smallscale,itcanhave manyapplications,such
as:

Drug delivery: Today, mostharmful side effects
of treatmentssuch as chemotherapy area result
of drug delivery methods that don't pinpoint their
intendedtargetcellsaccurately.Researchers at
HarvardandMIT have beenable toattach special
RNAstrands, measuringabout 10nanometres in
diametre,tonanoparticles andfill the
nanoparticles witha chemotherapydrug. These
RNA strands are attractedtocancercells. When
the nanoparticle encountersa cancercell it
adheres toit andreleases thedrug intothe cancer
cell. This directed method of drugdelivery has
greatpotential fortreating cancer patients while
producingless side effects thanthose produced
by conventional chemotherapy.

Fabrics : Theproperties of familiar materialsare
being changedby manufacturers whoare adding
nano-sized components toconventional materials
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to improve performance. Forexample, some
clothing manufacturersare makingwater and
stainrepellent clothingusing nano-sized
whiskers inthe fabric thatcause water tobead up
onthe surface.

Making compositefabric with nano-sized
particlesor fibres allows improvementof fabric
properties without asignificant increase in
weight, thickness, or stiffnessas mighthave been
the casewith previouslyused techniques.

Reactivity of materials : The propertiesof
many conventionalmaterials changewhenformed
as nano-sized particles (nanoparticles). This is
generallybecausenanoparticles havea greater
surface areaper weightthan largerparticles; they
aretherefore morereactive tosome other
molecules.For example, studies have shown that
nanoparticles ofiron can be effectivein the
cleanupof chemicalin groundwaterbecause they
reactmore efficientlyto those chemicals than
largeriron particles.

Strength of Materials : Nano-sizd particlesof
carbon, (forexample nanotubes andbucky balls)
areextremely strong.Nanotubes andbucky balls
are composedof only carbon andtheir strength
comesfrom specialcharacteristics of the bonds
between carbonatoms. One proposed application
thatillustrates the strength of nanosized particles
of carbon, isthe manufacture of bullet proof
vests made out of carbon nanotubes which weigh
asless asa T-shirt.

Micro/Nano ElectroMechanical Systems :
Theabilitytocreate gears,mirrors, sensor
elements, aswell as electronic circuitryin silicon
surfaces allows the manufactureof minature
sensorssuch as those usedto activatethe airbags
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inyour car.This techniqueis calledMEMS (Micro-
Electro-Mechanical Systems). The MEMS
technigue results in the integration of the
mechanicalmechanism withthe necessary
electronic circuiton singlesilicon chip,similar to
the method usedto produce computer chips.
Using MEMS to producea device reduces both the
cost andsize of the product,compared to similar
devices made withconventional methods.

MEMS isa steppingstone toNEMS or
NanoElectroMechanical Systems.NEMS products
are beingmade by fewcompanies, andwill take
overasthestandard,once manufactures make
the investment inthe equipment needed to
produce nano-sized features.

Molecule Manufacturing : IfyoureaStarTrek
fan, youremember thereplicator, adevice that
could produceanything from a spaceage guitar
toacup of Earl Greytea. Your favourite character
justprogrammed the replicator, andwhatever he
orshe wantedappeared. Researchersare working
on developinga method called molecular
manufacturingthat maysomeday makethe Star
Trek replicatora reality. The gadgetthese folks
envisionis calleda molecularfabricator; this
device would usetiny manipulators to position
atoms andmoleculestobuild anobject as
complex asa desktopcomputer. Researchers
believethat raw materials canbe usedtoalmost
any inanimate object using this method.

Medicine : Researchersaredeveloping
customised nanoparticle size of molecules that
candeliver drugsdirectly todiseasedcellsin the
body. When it's perfected, this method should
greatlyreduce thedamage treatmentsuch as
chemotherapy,does toapatient’s healthy cells.
Nanomedicire refersto future developments in
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medicine that will be based on the ability to build
nanorobots. In the future these nanorobots could
actually be programmed torepair specific
diseased cells,functioning ina similarway to
antibodies inour natural healing processes.

Electronics : Nanotechnologyholdssome
answers for howwemightincrease the
capabilities of electronic devices whilewe reduce
their weight and power consumption.

Space : Nanotechnology mayholdthe keyto
makingspace-flight more practical. Advancement
innanomaterials make lightweight solarsails and
a cablefor the spaceelevatorpossible. By
significantly reducingthe amount of rocket fuel
required, theseadvances couldlowerthe cost of
reaching orbitand travellingin space.

Food : Nanotechnologyis having animpact on
severalaspects of food science,from howfood is
grown to how itis packaged. Companies are
developing nanomaterialsthat willmake a
difference not only in the taste of food, but also in
food safety, and the health benefits that food
delivers.

Fuel Cells : Nanotechnologyis beingused to
reduce the cost of catalysts usedin fuelcells to
produce hydrogenions from fuel such as
methanol andto improve the efficiency of
membranes used infuel cellsto separate
hydrogen ions from other gases as oxygen.

SolarCells : Researchershave developed
nanotech solarcells thatcanbe manufactured at
significantly lower costthanconventioral solar
cells.

Batteries : Work is currentlybeing donefor
developingbatteries usingnanomaterials. One
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such batterywill beasgoodas neweven after
remaining onthe shelf fordecades. Another
batterycan berecharged significantlyfaster than
conventional batteries.

Fuels : Nanotechnologycan address the
shortage offossil fuels such asdiesel and
gasoline by making the production of fuels from
lowgraderaw materials economical, increasing
the efficiency of engines, and making the
productionof fuels from normal raw materials
more efficient.

Better Air Quality : Nanotechnology can
improvethe performance of catalystsused to
transform fumes escapingfrom cars or industrial
plantsinto harmlessgases. Thatis because
catalysts made from nanoparticles have a greater
surfacearea tointeract withthe reacting
chemicals than the same quartity of catalysts
compnising larger particles. Thelarger surface
areaallows more chemicalsto interactwith the
catalyst simultaneously,which makes the catalysts
more effective.

CleanerWater : Nanotechnology is beingused
to developsolutions to threevery different
problems inwater quality. One challengeis the
removal ofindustrial wastes,such asa cleaning
solventcalled TCE, from groundwater.
Nanoparticles can beused toconvert the
contaminatingchemical, througha chemical
reaction intoharmless material Studies have
shown thatthis method can be usedsuccessfully
to reachcontaminates dispersedin underground
ponds andtreat them at much lowercost than
conventional methods whichrequire pumping the
water out of the ground for treatment.

Chemical Sensors : Nanotechnologycan
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enable sensorsto detectvery smallamounts of
chemical vapours.Various types of detecting
elements, suchas carbon nanotubes, zinc oxide

nanowires or palladium nanoparticles canbe used

in nanotechnology-basedsensors. Because of the
small size of nanotubes, nanowires, or
nanoparticles,a fewgas moleculesare sufficient
to changethe electricalproperties of the sensing
elements.This allows the detectionof avery low
concentration of chemicalvapours.

Sports Goods : Ifyoure atennis orgolf player,
you'll beglad to hearthat even sports goods has
wandered into the nanotechnology applications in
thesports arenainclude increasingthe strength
of tennisracquets, filling anyimperfections in
club shaftmaterials andreducingthe rate at
which airleaks fromtennis balls.

Discussion : Holdadiscussionin theclass
about the basic concepts of nanotechnology,
which mightinclude issues like :

e Youlearned inthis introductionthat scientists
hadtoimagine thecharacteristics of
nanoparticles foryears beforetheydeveloped
specialmicroscopes thatallowedthemtosee
them.What wouldit be like to workwith a
materialyoucan't see? Are there other fields
of science where you workwith things you
cant see? (Radio waves,graviy, etc.)

e Whichis bigger : Ananoparticle,an atom,
ora molecule?Discuss thefact that,
depending on the composition and number
ofatoms ina molecule,it canvary from a
nanometre in diametreto hundreds of
nanometresin length.Similarly, different
types of atoms may have diametres ranging
from a tenth of nanometreto 5tenths of a
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nanometre. Nanoparticlesalso varyin size,
ranging up to 100nanometres. All of these
can bemeasured innanometres, a
measurementwith aconstant size of one
billionth ofa metre.

Explore an Application of
Nanotechnology

Discussion : Some scientificfields focuson
one type of materialor process,such as
biology that focuses on living organisms and
metreeologythat focuses on the weather. What
does nanotechnologyfocus on? Remind the
students of the definition of nanotech
nanotechnology; this study of structures of
small sizecan be appliedin just aboutany field.
Nanotechnology is currentlybeing used in
medicine, the environment, to add strength to
materials such as fabrics, spaceflight, andso on.

Reading : Havestudents searchover asmany
processes of information as possible including
the internet and pick few pages to read.
Encourage themto follow links onthe site for
additional information, if they find it interesting.
Havethem createa brief report aboutwhat they
have readand presentit tothe class.

The Future of Nanotechnology

Explain that nanotechnology has the potential to
be a disruptive technology, meaning that it could
cause extreme change inour societythat could
have awide range of consequences.An example
of this would be the industrial revolution, which
changed the economy of most of our cultures
from agrarian tomanufacturing based.
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Discussion : Pick oneof thesetopics:

e Themolecular replicator,once developed,
couldallow peopleto simplyproduce many
items they need themselves with noneed for
a companyto manufacture those products.
What would this do to our economy as we
know it today? What if everybody could
produce their own clothing, iPod, and shoes?
Would it help poorer people or would it put
people out of work? How would the world
change?

e Inthe worldof medicine nanotechnology
couldchange thehuman lifespan.Repairs at
the cellularlevel couldstop andeven reverse
aging. If everybody could live hundreds of
years, whatwould happen toour world?
Would onlyan elitefew getsuch treatment
andwhat consequenceswould thathave? If
nobody ever died, would people have to stop
having children to avoid overpopulation?
What would that mean toour society?

One canhold a discussionwith the entireclass, or
break upinto smaller groups withsome groups
making anargument for the benefits of these
changes, and the othergroups arguing the case
that suchchanges would bring more harm than
good to our society.

Optional Activity : Hold debates between the
groups on the above discussion topics.

Wrap up the lesson by pointing out that
nanotechnologyoffers greatpotential for
advancement,and that,as withany scientific
breakthrough, italso raises ethical and
societal questions.
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Thefollowing isa model syllabus on
nanotechnology thatit can be mostsuitable for
adoptionat seniorsecondary level. The proposed
syllabusis conceived for four semesters after
class Xth.In semesterformat one can pursue
issues more deeplyand explorea widervariety of
questions.

Nanoscience |
e Biology
e Algebra
e Computer Literacy
e Writingand Research
— Cell Structure
— DNAExtraction
— Gel Electrophoresis
— EnzymeandProtein Structures
— Tagging methods

Nanoscience |l

e Chemistry

e Physics

¢ Mathematics

e Communication
— Periodic Table
— Molecules
— Compounds
— Physical properties
— Electrical properties
— Bandstructures
— Computer Simulation
— Basics of modellingprogrammes
— Input requirement
— Reliability
— Variations

¢ Obsenrational Internship
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Nanoscience lll e Nanomaterials
— Introduction tomaterial properties and
e Nanoelectronics manufacturing methodologies

— Adhesion, tension, friction, viscosity, etc.,
— Impactof manufacturingand operational

— Serve asan introductionto electrical

structures ’
— Processorandmemory devicedesign and environments
fabrication Nanoscience IV
— Emergingtechnologies: quantum, e Advanced Fundamental Courses
photonics, nanowires, molecular e Micro andNano Fabrication
* Nanobiotechnology e ThinFilm Deposition
— Serve as anintroduction to the field e Introduction to Materials Characterisation
— Energy productionand enzymatic ¢ Principles andApplications of
processes Nanobiotechnology
— Protein interactions * Industry Internship

Picture on page 33 : Tiny nanogears mayone day move microscopic machines through the human
body in search of disease. (Source:www. highlighthealth.com/../2009/10/telomere.gif)
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Introduction

In1986, Antoine Henri Becquerel,a French
physicist, while working on phosphorescent
materials suchas uranium salts, foundthat they
emit radiations spontaneously. twas later
established thata magneticor anelectric field
splits such radiationsinto threebeams. These
radiations have been namedafter thefirst three
letters ofthe Greekalphabet, ie.,alpha (a), beta (B)
and gamma [y). The firsttwo radiations are
corpuscles inmature sothey are called particles
whereas the third, being electromagnetic
radiation, is called aray. Theelements, which
spontaneouslyemit suchtype of radiations, are
calledradioactive elements andthe phenomenon
is knownas radioactivity.For discoveryof these
radiations, Becquerelreceived Nobel Prize for
Physics jointlywith Marie Curie and Pierre Curie
in 1903.

Before going into detail of the phenomena it is
imperative tounderstand the structureof an
atom. Anatom consists of apositively charged
centralcore, thenucleus, and negatively charged
electrons whichrevolve roundthe nucleusin fixed

orbits. The nucleus contains positively charged
particles protonsand neutral particles neutrons.
Either a protonor a neutron is calleda nucleon. In
the normal state ofthe atom, the number of
protons isequal to the numberof electrons, so
thatthe atomis electricallyneutral. The number of
protons is constant and unique to a particular
atomand is called theatomic number(Z) whereas
the number of protons plus number of neutrons
inthe nucleus give themass number (A). Since
like charges repel one another, the protons within
thenucleus arealways tryingto pusheach other
apartbut theyare heldtogether bythe attractive
nuclearforces resulting from the combined
protons and neutrons. When thereis imbalance
betweenthe attractivenuclear forcesand the
electrostaticrepulsie forces(Coulomb replusion),
the nucleus does not have enough binding energy
to hold permanently thenucleons together,as a
result of whichitbecomes unstable.In unstable
nuclei the binding energy per nucleonis very low.
Itis found that all nucleiwithZ>83and A > 210
achieve greater stabilityby emitting
spontaneouslyoneor more a~ particles (helium -
4nuclei), called
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o~ particles (helium -4 nuclei), called a-emission.
Again, it isobserved that in stable nuclei the ratio

n
of neutron number to proton number (;J is

usually between1and 1.5 [excludingthe hydrogen
nucleus which consists of only one proton)
(Marmier,1969).Sothe nucleusbecomes unstable

n
whenit possesses either ahigher ; value than

thatfor stable nuclei by containing excess

n
neutrons ora lower ; value bycontaining excess

protons.Intheformer caseit emitsan electron,
called B——emission, andin the latter caseitemits
a positroncalled B*-emission, todissipate excess
energy.

(A) Alpha Emission

After o- emissionthe original atom transforms
intoa newatom of some otherelement whose
protonand neutronnumbers eachdecreases by
by 4 and 2 units respectively. Ingeneral this is
representedas

IX —— 475V + 3He™ +Q (1)
where Xand Yare symbols forthe parentand the
residualatoms respectivelyand Q,thedecay
energy, is shared bythe kinetic energy of the
o-particle andthe recoil energy of the resulting
atom. From equation(1),it is clear that

o- emissionis only possibleif Q valueis positive.

Forexample,

BU— BTh + jHe™ + 419 Mev, (2]
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wheremega electronvolt (MeV]is the unit of
energy (1eV=1.6x10"joule).

(i) Conservationof Energy during a.-Emission

In equation(2), sum of masses of the products (a
thorium-234 andan a-particle is lessthan mass
ofthe parentatom. Thedecrease inmass is
convertedto energyaccording toEinstein's mass
energy equivalencerelation E= mc? whereEis the
totalenergy, mthe effectivemass andc the
velocity of light in free space (¢ =3 x 108m/s). This
energy is shared bythe residual thorium atom and
theemitted a—particle.Since a—particleis quite
lighter thanthorium atom, most of the energy
released is carried bythe a-particle.

(ii) Conservation of Electronic Charge during
o~Emission

It appears from equation (2] that the electronic
charge is unbalanced although proton number is
conserved in the equation. If we count the
number of protons, neutrons and electrons
present in the parent and the residual atoms of
equation (2), we find that the parent atom has 92
protons,

146 neutrons and 92 electrons whereas the
residual atom will have 90 protons, 144 neutrons
and 92 electrons as an o—particle contains two
protons and two nuetrons only. This reveals that
the residual atom has excess of two electrons
compared to its total number of protons. Thus it
is anion. It is observed that at the time of decay
the residual atom as well as the a—particleis in
ionic form but subsequently they acquire
neutrality. The question arises what happens to
these extra electrons in the residual thorium
atom? It appears that a continuous range of
values, ranging, from zero up to some maximum
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value ratherthan a discrete value (Beiser, 2006:
Evans, 1978). This is in apparent contradiction to
the law of conservation of energy. It has been a
great puzzle. A second problem is that the
emitted electron does notusually travel ina
direction opposite to that of the residual atom as
in a two-body decay, which shows an apparent
violation of conservation of linear momentum. A
third problem is that spins of the neutron,
proton and electron (in units of h/2p) are all V2,
so the spins (and hence also angular
momentum] is not conserved in equation (3).

All these apparentdiscrepencies were accounted
for Wolfgang Pauliin 1931 (Beiser, 2006; Evans,
1978). He suggested that in addition to electron,
another extremelylight particle isalso emitted
and theseparticles share the energyavailable in

1 N . This suggestion explains the observed

continuous energy spectrum of the emitted
electrons. This new particle has tobe electrically
neutral to conserve charge and has spin of (1/2]
(h/27) to conserveangular momentum. Enrico
Fermihas named this particle as ‘neutrino’
("little neutral one” in ltalian). Later it was

recognised as electron-antineutrino (Ve)to
conserve lepton number which must be
conserved inweak interaction that causes beta
emission. The leptonnumber is experimentally
determinable justlike electric chargeand its
value is +1 for leptons such as electron, muon

1%

(W, tau (t] and their associated neutrinos [ v, , v,

and v, ) and -1 for antileptons. The decay

equation (3) canthus be modified as

tn—> 1p+%e+¥v +0 (5)
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The existence of neutrinos has been
experimentally observed by Cowan and Reines
(Cowan et al,1956).The general transformation
equation describing - emission becomes

IX— LAY + Je+V,+0 6)

The continuous energy carried bythe electron
can be explained in the following way. In B--
emission,electron andelectron-antineutrino are
ejected outof the nucleus andshare the
maximum energy ofthe emissionin all
proportions witheach other, as theyare much

lighter than the residual atom. When v, does not
getany energy,the electroncarries all the energy
and incase v, grabswhole of theenergy, the

electronis left withoutany energy.Further, the
conservationof linearand angularmomenta is

also satisfiedbecause v, 's linearand angular

momentaexactly balance those of the emitted
electron andthe residual atom asin three-body
decay.

A fundamental level, eachneutron consists of one
'up’ (u) quark andtwo ‘down’ (d) quarks whereas
each proton cunts of two u-quarks and one d-
quark. The u-quark carries an amount of +2/3
electroniccharge andthe d-quarkcarries an
amount of -1/3 electronic charge. So,equation (5)
is due to the conversion of a d-quark intoa u-
quark by emission of a W- boson (Fig.1) due to the
weak interaction (Griffiths, 1987). The W-boson
subsequentlydecays intoan electronand an
electron-antineutrino. Sothe transformationof a
neutron into a proton takes place with the
emissionof anelectronforcharge conservation
and anelectron-antineutrino forenergy and
momentum conservation.
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Theschematic diagram is givenbelow :

u > U
n<yd dip
d — u
-
w- e

Figure 1. Conversion of a neutron into a proton

(i) B*-Emission

A positronis emitted froma nucleus inthis case,
this is possible onlywhen a protonis converted
into a neutronin the nucleus. in order to conserve
energy,linear andangular momenta,an electron-

neutrino ( v, )is alsoemitted. Thus,

1p——n+ Je+v,+0 (7

Thegeneral transformationequation of
B*-emision canbewritten as

IX—— 4V + let+v, +0 (8]

Conservationof Energyduring B*-Emission

Now the pertinent questionis, ‘how a proton
whichis smallerin massthan aneutron can
convert into aneutron and other particles’.
Actually, a free proton, i.e., a proton outside the
nucleus, cannot decayinto aneutron, asthere will
be violationof energy conservation. This also
explains thatwhy afree protonis stablewhereas a
free neutronis unstable (half-life =10 min16 s)
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(Beiser, 2006). However, thisis possibleinside a
nucleus as proton getsenergy from the nucleus
and is converted into a neutron by emitting a
positron and an electron-neutrino. This can be
written as

energy+ 1 p—» gn+,je+v,+Q ©)

Sinceproton numberdecreases byone and
neutron numberincreases byone, B*-emission

n

helpstoincrease — value.

Conservation of Electronic Charge
during Beta (B*) Emission

Consider atritium decaywhich spontaneously
gives helium -3 byemitting an electronand an
electron-antineutrinoas follows:

3JH—— 2He+ le+7,+18.6KeV (10)

The number of protons, neutrons and electrons
presentina tritium atom is one, two and one
respectively whereas the residual helium-3atom
will have two protons, one neutron and one
electron.So theresidual atom has insufficient
number of electrons tobalance its number of
protons, i.e.,it becomes heliumion (He*).Similarly
in B*-emissionthe residual atom wilhave one
electronmore. Thisimplies thatthe residual
atoms inboth types of decayprocesses areions at
the timeof decay. It has been observedin early
experiments (Linderand Christian, 1952) that a
neutral radioactive element getschargedafter
emitting betaparticles and gradually becomes
neutral.lt appears that the positively charged
helium ionsubsequentlytriesto acquireanextra
electron from one of the neighbouring atoms to
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becomeneutral. Andin Br-emission,the negatively ~ usually attaches toan atom. On theother hand, in

charged residualatom emitsan electrontothe Br-emission the emitted positron (antiparticle)
surrounding tobecome neutral. Again, in case of immediatelycollides withelectron(particle)of the
B--emission the emittedelectron encounters surrounding produces energywhichis carried
numerous collisionsandfinally stops.Then, it away by two photons of gamnma radiation.
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This aticle provides a brief overviewof the theory of metacognition and its role in learningand teaching. The
metacognitive knowledge of strategy, task and personal variables enables students to perform betterand learn
more. The instrucional strategies that facilitate the construction of knowledge ae discussed. Metacognitive

strategies for physics leaming and teaching are given.

Introduction

Metacognitive knowledge involves knowledge
about cognitionin general,as wellas awareness
of and knowledge about one’s own cognition. The
research onlearningemphasis on helping
students becomemore knowledgeable of and
responsible for their own cognition and thinking
[Flavell, J.1979 , DeJager etal. 2005].Students
becomemore awareof theirown thinkingas well
as more knowledgeable about cognitionin
general.Furthermore, asthey acton this
awarenessthey tendto learnbetter[Eylon,B.S.
andReif, F.1984]. Thelabels forthis general
developmentaltrend varyfrom theoryto theory,
butthey include the developmentof metacognitive
knowledge, metacognttive awareness, self-
awareness, self-reflection,and self-regulation.
Althoughthere are many definitionsand models
of metacognition, an important distinctionis one
between (a) knowledge ofcognition (Metacognitive
knowledge) and (b) the processesinvolving the
monitoring, control, and regulation of cognition.

Metacognitive knowledge includes knowledge of
general strategies that mightbe usedfor different
tasks, knowledge of the conditions under which
these strategies might be used, knowledge of the
extent towhich the strategies are effective, and
knowledge of the self. Metacognitive control and
selfregulatoryprocesses are cognitive processes
that learners use tomonttor, control,and regulate
their cognition and learning. The metacognitive
andself-regulatoryprocessesare well
represented intasks such as checking, planning,
and generating. Accordingly, on the knowledge
dimension, metacognitive knowledge categories
referonly toknowledge of cognitive strategies,
notthe actualuse of those strategies.

Three Types of Metacognitive
Knowledge

Inaclassic articleonmetacognition, Flawell (1979)
suggestedthat metacognitioninclude knowledge
of strategy, task,and personvariables. Flawell's
modelencourages students to consider how each



variable affectstheir ownlearning processes.
Metacognitive knowledge couldbe categorized
under three heads - StrategicKnowledge,
Knowledge about cognitive taskand Self-
knowledge.

Strategic knowledgeincludes knowledge of the
various strategies students mightuse to
memorisematerial, toextract meaningfrom text,
and tocomprehend whatthey hearin classrooms
or what they read in books and other course
materials. Althoughthere area large number of
differentlearning strategies,they canbe grouped
intothree general categories: rehearsal,
elaboration,and organisational [lsaacson and
Fujita 2006]. Rehearsalstrategies referto the
strategy of repeating words or termsto be
rememberedover andover tooneself, generally
not the mosteffective strategy forlearning more
complexcognitive processes.In contrast,
elaborationstrategies includevarious mnemonics
for memorytasks, aswell strategiessuch as
summarising,paraphrasing, andselecting main
ideas from texts.The elaborationstrategies result
indeeper processingof thematerial tobe learned
andlead tobetter comprehensionand learning
thanthe rehearsalstrategies. Finally,
organisational strategiesinclude variousforms of
outlining, concept mapping, and note taking,
where the student makes connections between
and amongcontent elements. Like elaboration
strategies,these organisatioral strategies usually
resultin bettercomprehension andlearning than
rehearsal strategies.

Students canhave knowledge of various
metacognitive strategies thatwill be useful to
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them in planning, monitoring, and regulating their
learning andthinking. These strategies include
the ways inwhich individuals plan their cognition
(e.g., set subgoals), monitor their cognition (e.g.,
askthemselves questionsas theyread apiece of
text; checktheir answerto aproblem in
mathematics),and regulate their cognition.

Knowledge about cognitive task

In addition to knowledge about various strategies,
individuals also accumulate knowledge about
differentcognitive tasks.In recalltask, the
individual mustactively searchmemory and
retrievetherelevantinformation; whilein the
recognition task, theemphasis is on
discriminatingamong alternatives and selecting
the appropriateanswer. As students develop
their knowledge of different learning and
thinking strategies andtheir use; this knowledge
reflects the “what” and "how" of the different
strategies.However, this knowledge may

not be enough for developing expertise in
learning. Students also mustdevelop some
knowledge about the “when” and “why” of using
thesestrategies appropriately[Rajkumar 200),
Shulman1986]. Because notallstrategiesare
appropriate forevery situation, the learner must
develop someknowledge ofthe different
conditions and tasks where the different
strategies could be used most appropriately.

Along with knowledge of different strategies and
knowledge of cognitive tasks, Flavell (1979)
proposed thatself-knowledge wasan important
component of metacognition. Self-knowledge
includes knowledge of one’s strengths and
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weaknesses. This self-awareness of the breadth
and depth of one’s own knowledge base is an
importantaspectof self-knowledge. Finally,
individuals needto be aware ofthe different types
of strategies they arelikely torely onin different
situations. Anawareness thatone reliesmore on
a particularstrategy whenthere maybe better
alternative adaptive strategies for thetask, could
lead to the possibility of a changein strategy use.

Implications for learning and teaching

Metacognitive knowledge can playan important
role in student learning and, by implication, in the
ways students are taughtand assessedin the
classroom [Nuthall, G.1999].First,as previously
noted, metacognitive knowledge of strategies and
tasks,as wellas self-knowledge, is linked to how
studentswilllearn andperform inthe classroom.
Students who know about the different kinds of
strategies for learning, thinking, and problem
solving aremore likelybeusingthem. Afterall, if
students do not know of a strategy, they will not
be able to use it. Students who do know about
different strategiesfor memorytasks, for
example,are morelikely tousethemto recall
relevantinformation.Similarly, students who
knowabout differentlearning strategiesare more
likely touse them while studying.And, students
who know about general strategies for thinking
andproblem solvingare morelikelytouse them
whenconfronting differentclassroom tasks.
Metacognitive knowledge of all these different
strategies enables students to perform better and
leammore.Manyteachers assumethatsome
studentswill beable toacquire metacognitive
knowledge ontheir own, while others lack the
ability to do so.0f course, some students do
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acquire metacognitive knowledge through
experience and withage, but many morefail to do
so. It isnot expected that teacherswould teach for
metacognitive knowledgein separate courses or
separate units.

It ismore importantthat metacognitive
knowledge is embedded within the usual content-
drivenlessons indifferent subjectareas. General
strategies forthinking and problem solving can
be taughtin the context of English, mathematics,
science,social studies,arts, music,and physical
education courses.Science teachers, for example,
can teachgeneral scientific methods and
procedures,but learningwill likelybe more
effective whenitistied to specific science content,
not asan abstractidea. The key is that teachers
planto includesome goalsfor teaching
metacognitive knowledgein theirregular unit
planning,and thenactually tryto teachand assess
for the use of this type of knowledgeas they teach
other content knowledge.One of the most
important aspects of teachingfor metacognitive
knowledge isthe explicit labelling of it for
students.

Implication of physics learning

Metacognitive strategies refer tostrategies for
helpingleamersbecome moreaware of
themselves asleamers,andinclude abilityto
monitor one’s understanding throughself-
regulation; ablity toplan, monttor success and
comrecterrorswhendesirable;and abiltytoassess
one’s readinessforhighlevel performancein the
fieldone is studying [Mestre andTouger 1989].
Reflecting aboutone’s own learning isamajor
component of metacognition, and does notoccur
naturallyinthe physics classroom,due tolack of



opportunity and also because instructors often do
not emphasizeitsimportance. It iscommon to
hear physics students comment, Tam stuck on
this problem’,but when asked for more specificity
aboutthis condition of ‘stuckness’, students are at
a lossto describewhat weare stickingon this
problem thathas them stuck, and oftenjust repeat
that they are just stuck and can't proceed. If during
instruction, we were totake the ime to suggest
why, and how, students should reflectabout their
learning, therewould be fewer incidents of the
‘stuck” condition, since students would be able to
identify whatthey aremissing thatwouldallow
themtoproceed. The contemporaryview of
learningis thatindviduals activelyconstruct the
knowledgetheypossess.

Constructing knowledgeis alifelong, effortful
processrequiring significantmental engagement
from thelearner. In contrast tothe ‘absorbing
knowledge in ready-to-useform from a teacher
or textbook' view of learning, the ‘constructing
knowledge’ view has twoimportant implications
for teaching. One is that the knowledge that
individuals already possess affects theirability to
learn newknowledge. Whennew knowledge
conflicts withresident knowledge, the new
knowledgewil notmake anysense tothe learner,
andis oftenconstructed (oraccommodated) in
ways that are not optimal for long-termrecall or
forapplication inproblem-solving contexts
[Redish 2000].

The secondimplication isthat instructional
strategies thatfacilitate the construction of
knowledge should be favouredover those that do
not.Sometimes this statement isinterpreted to
mean thatwe shouldabandon all lecturing and
adopt instructional strategies where students are
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actively engagedin their learning. Lecturing could
be avery effective method for helping students
learn, butwholesale lecturingis notan effective
means of gettingthe majority of students
engaged inconstructing knowledge during class-
room instruction.Hence, instructional
approacheswhere studentsarediscussing
physics, doing physics,teaching each other
physics and offering problem solution strategies
forevaluation by peers willfacilitate the
construction of physics knowledge.

Implication of physics teaching

Largelymissing from science classrooms,
especially large lecture courses,isformative
assessment intendedto provide feedbackto both
students andinstructors, so that students have an
opportunity to revise and improve the quality of
their thinking and instructors can tailor
instructionappropriately. Theage-old technique
of asking a question to the class, and asking for a
show of hands has been tried by most, but does
not workwell since few students participatein the
hand-raising largelydue to lack ofanonymity. In
classes having fewer number of students itis not
difficult toshape teaching sothat two-way
communicationtakes place betweenthe teacher
and thestudent. Forexample, onevery effective
method of teaching physics to havingclasses with
fewernumber of students, perfectedby Resnick
(1983 involves class-wisediscussions led by the
teacher. Students offer theirreasoning for
evaluationbythe otherclassmates and by the
teacher, withthe instructional format taking
somewhat the form ofa debateamong students,
with the instructor moderating the discussion and
leading it to desired certain direction by posing
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carefullycrafted questions.In classeswithlarge histogram form fordiscussion[Mestre etal.
enrollment,the adventof classroom 1989, Redish 2000]. With this approach, the
communicationsystems allows the incorporation  histogram serves as aspringboard fora class-
of a workshopatmosphere, with students wise discussionin which students volunteer the
working collaboratively onconceptual or reasoning thatled toparticular answersand the
quantitative problems, enteringanswers rest of the classevaluates thearguments. The
electronicallyviacalculators, andviewing the teachermoderates,making surethat the
response of entire class’sin theform of discussion leadsto appropriate understanding.

Metacognitive strategies in Physics teaching
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There are mounting evidences of declinein the
interest of young people in pursuing science. The
policy reportof ninthmeeting of Global Science
Forum (2003) found thatthere is steadydecline in
the number of students in science and
technology. InIndia also, there isa similartrend of
decline ininterest topursue studyof science
interest. NationalScience Survey(Shukla, 2005)
has shown thatinterest inscience aswell as
satisfactionwith the quality of Science teaching
declinedas theage increased.One cannottake the
declinein interestin sciencelightly. Surveys
acrossthe globe suggest thatlack of interest in
scienceismainly dueto sciencebeing less
intrinsicallymotivating (GlobalScience Forum,
2003; National Science Survey, Shukla, 2005),
nature of science beingcutoff from realworld and
its contentbeing overloadedwith matters
unrelatedto thelife of students (Hilland Wheeler,

1991; Osborneand Collins, 2001). Oneway of
making sciencerelevart is to base science on
experiencesinwhichpupils areinterested and
those thatcan find applications inreal life.

Recent studies on interestin science in India show
thatthere isa shiftaway from science atthe plus-
twoand under-graduatelevel (Patil,2003). As
interest inscience develops quite earlyin life
(Gardner, 1975),declineininterest inscience in
lateryears oflife canbe tackledto acertain extent
by providing all thefactors conducive to the
developmentof interestin scienceinterest from
quiteearly yearsitself. Explorationin the field of
influence ofout-of-school science experiences on
interest in science is not substantial in India.

Present articleis basedon a studyconducted by
the authors on 1473 students in 14 upper primary
school students inKozhikode district of Kerala.
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Attemptwas madeto knowthe science-related
activities thatchildrenthemselves choose without
any external suggestion andthe resultant
influence theseactivities have on interestin the
topics that theylearn intheir scienceclasses. The
following are the broad findings, conclusions and
the implications derived from the study.

Extent and Nature of Science Related
Experiences that Pupil Bring into
Classroom

The extentof out-of-school science experiences
of upperprimary school pupils ismoderate in
nature.Pupils havemore out-of-school
experiences in biologycompared to those in
physics andchemistry. This can be attributed to
manya reasons. Biology experiences are quite
evident and are quick to arouse curiosity of young
children.In addition,experiences relatedto health
and hygiene is a part of one’s daily life. In biology,
maximum experienceis throughcollection. Most
childrencollect leaves, feathers etc.for aesthetic
purpose. ltis quite strange that pupil derive least
experience throughobservation. Theoretically,
one can get lots of biological experience through
observation.Nevertheless,active nature of young
children maynot letthem remainsatisfied with
observationalone, whichis apassive process.

Out-of-school chemistryexperiencesare
comparativelyless amongchildren. Thismay be
becausetheseexperiences (e.g. differenttypes of
taste andodour] areso common andso implicit
that childrenmore often do not give special
attention tothem. That is, theyexperience them
but they do not consider them as on ‘experience’.
Observations and activities are comparatively
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more inchemistry. Thisis quite naturalas rapid
changes in the colour of things, domestic
activities like mixing liquid blue in water, making
picklesetc.are easiyavailabletoall. The extent of
experimentation iscomparatively low.
Observations like removing paintusing kerosene
removing nail polish, making transparencies or
printingof arerarely associatedwith applications
of chemistry.

The extentof out-of-school experiences related
to concepts of physicslie in between that of
biologyandchemistry.Physics experiences are
mainlythrough observations.Children observe
the sky,weather, shadows, etc rarelyout of
curiosity or for theiraesthetic impact and often do
not countit asan experience relatedto science.
Theleast amountof experienceis from
experimentation. Thisis againstrange, as
experiences likemeltingofice, changesin length
of shadow etc. are quite popular among young
children. Onereason for this couldbe that we
rarely understandor projectscience as activity of
human beings as an attempt tounderstand nature
and natural phenomena. ltmay bethat children
derivemore experience fromvicarious sources
than fromdirect ones.

Boys have more out-of-school
experiences in physics while girls
have themin chemistry

The extentand nature of out-of-school science
experiencesdiffer amongboys andgirls. Boys
usually have more experiencesthan girls.lt may
be that boys get more opportunities for out-door
activities. Thedifference is mainly dueto the
advantage of boysin relation to out-of-school
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relating to physics experiences. This finding is
similar tothose from other parts of the world
[Farenga andJoyce,1997; Sjoberg, 2000;
Christidou, 2006). Boys,world over, get more
involved inhands-on physical activities like
repairing things and opening up toys or other
things toknow the parts,activities typically
consideredas male-stereotypeones. ltis a part of
the sex-role expectations of the society (Johnson,
1987; Farergaand Joyce,1997).Girls usually have
more chemistryrelated out-of-school
observations and activitythan the boys. Domestic
surroundings give easy accessto chemistry
relatedexperiences like makingof pickles
observing, changing in colour of fruits and
vegetables,say, apples.Compared togirls, boys
indulgemore inbiology relatedactivities like
listening to the sound of birds, maintaining
aquarium,rearing animals.Agriculture, fishing
andsimilar otheractuities aretypical male
dominatedactivities indeveloping countries
(Sjoberg, 2000). Biological activitiesalso include
those relatedto healthand hygiene. Dueto the
increased interestin fitness in presenttimes, boys
indulge morein healthcare. Comparedto boys,
girls ndulgemoreincollecting items like leaves
and feathers,which canbe foraesthetic purpose.
Generally, boys, comparedto girls,indulge more
in active tasks while girls,compared to boys,
indulgemoreinpassive tasks like collection.
Science is doing; hence,boys who indulge more in
active taskswill naturally have higherextent of
experiencesin science.

Urban pupils excel rural pupils in
out-of-school science experiences

Urban and rural pupils differ in their out-of-
school science experiences withurban pupils
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having more experiences thanrural pupils
especially inBiology and Physics. Thereason can
be the difference in opportunities. Rural pupils get
opportunities for nature-related direct
experiences. Eventhough this is less for urban
pupils,they receiveindirect experiences through a
visitto parks,zoological gardens, planetarium etc.
Urban pupils have the added benefit of getting
morevicarious experiences through computers
and internetthat cancompensate for the lack of
direct experiences.

Pupils in aided schools lag behind
thosein governmentand unaided
schools in out-of-school science
experiences

Type of managementalso influences the extent
and nature of out-of-school science experiences.
Government school puplls have more experience
especially inobservations relatedtobiology
besides physics, biology andchemistryrelated
activities as compared tochildren from both aided
and unaidedschools. Biological activities are
nature-relatedwhich areaccessble toall but
physics relatedactivities requiremechanical and
technological facilities, whichare comparatively
available moreto pupilsin unaidedschools. They
have more opportunityto be familiar with
televisionprogrammes,computers andinternet
mainly dueto their moreaffluent background.
Among the three groups, pupils from aided
schoals arelikely tohave the least experiences,
They maynotbeas familiarwith technological
activities in comparisonto pupil from unaided
schools, dueto the difference inthe domestic and
school environment. Nevertheless, theymay not
be gettingas muchfreedom aschildrenin
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government schoolsget toexplore their
surroundings, due tothe protective and restrictive
nature inmiddle class families inthird world
countries.Further, researchis requiredto explore
how out-of-school experiences vary for pupils in
different types of schools.

Interest in Science Topics among
Upper Primary Pupils

The extentof interest in science of upper primary

pupils is relatively high, which is a good indication,

as scienceis aninevitable raw material of
technology. Pupls have comparatively more
interest in biology and physics. Interest in biology
is dueto pupils’ desire toknow about themselves
and other living forms in their surroundings.
Physics can neverremain behindin modern
world, asit is the basis for many popular
professional courses like Engineering and
Computer applications.Moreover, origin of
universe, space explorations etc. have always been
a challenge to man,and to young curious minds.
Study conductedelsewhere (Borrows, 2004) also
shows lesser preference for chemistry among
pupils. The reason citedis that pupils consider
chemistryas somethingthat happensin the
laboratories. Topics like acids,recycling of
wastes, fertilisers, etc.may give the ideathat these
are jobs'to be done infactories alone thereby
reducingtheir appeal.

Girls are more interested in biology
and chemistry while boys are more
interested in physics

The extentof interestinscienceis more for
girls, owing mainly due to their higher interest
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in biology andche mistry. Increasedinterest of
girls in biologyis similar tothe findings in
previous researches (Gardner,1975; Sjoberg,
2000: Uitto et al. 2006). Thereason cited is that
girls are more interestedin peopleand life
orientedaspects of science like biology (Miller
et al,2006).The samereasonisapplicable to
the increased interestin chemistryas topics
like production of cookinggas, food
preservation, pre parationof medicine etc. deal
with chemistry thatinfluences lives of people.
Boysare more interested in physics. This
finding also has s upport of previous researches
(Tsabariand Yarden, 2005; Christidou, 2004).
Physicstopics dealwith abstractconcepts that
appealgirls less (TsabariandYarden, 2005).
Moreover, boys have moreexperiences in
physics; experiences have aninfluence on
interest (Johnson, 1987;Sjoberg, 200 0).

Urban pupils have moreinterest in
science

Urbanpupils are more interestedin all the three
fields ofscience thanthe rural pupils. This
suggests societalinfluence oninterest in
science. Urban pupils receive latest inform ation
through media,com puters andinternet at
home. Further, schools and computer institutes
inurban localityhel p them devel op better
understanding about scientificconcepts. Better
understanding can increase interestin science.
Lave andWenger's (1991]) observation of
learning as contextualisedand shapedby
physical,social andpolitical landscapeinwhich
it occursto development of interestcan be
appliedto developmentof interestinscience

as well.
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Pupils in aided schools have lesser
extent of interestin science

Pupils inGovernment and unaided schools have
more interestin sciencethan amongstthose in
Government aided schools. Differenceininterest
might partiallybe due to differencein their
experiences inday to day life. Apart from this,
schoolfacilities includingaccess tointernet and
libraries, learning environment, teaching style
together withthe difference inthe social
background of the three stratainfluence their
interest. Children in unaided schools, by and
large, getbetter learningfacilities, intheir school
aswell asat home,while ingoverrment schools
they get them throughthe facilities provided by
the government.Children from aided schools
remain wantingin boththese aspects.

Out-of-School Science Experiences
Contributes toInterest in Science

Therelationship betweenout-of-school science
experiences andinterest inscience is positive in
allfields of science andin all categories of
experiences. Thisalso isin agreementwith earlier

studies (Joyce and Farenga, 1999; Uittoetal, 2006,

Zoldozoa, 2006). The relationship is substantial in
biology while in physicsand chemistry, it is
comparativelylow. Thisindicates thatinfluence of
experiences on interest ismore in biology than in
physicsandchemistry. This maybe because
biology is more liferelated. Amongthe categories
of experiences, experimentation hasmore impact
oninterest.Experimentation isan actof discovery
which in turn nurtures interest.
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Gender difference exists in

relationship between out-of-school
experiences and interest in chemistry

Gender difference is evidentonly in the extent of
relationship between out-of-school chemistry
experiencesand interestin chemistrywith boys
exhibiting a stronger corelation than the girls.
Eventhough girls have moreexperience in
chemistry thanthe boys, they donot develop more
interest inchemistry. These experiences, received
mainlyfrom domestic surroundings, maynot be
helping girls to find any learning opportunity in
them.

Not onlyurban pupils have more experiences, but
theseexperiences have higher influenceon the
development of theirinterestin science.

The extentof relationshipbetween out-of-school
scienceexperiences andinterest inscience shows
locality-baseddifferences. The extent of
relationship is stronger for urban pupilsin all the
three fieldsof science.Urban pupls have more
exposure toacademic activities through indirect
andvicarious meansthat enrichthe science
experiences thatthey get. This alsohelps them
utilisethe experiences better todevelop stronger
interestin science.

Out-of-school science experiences ofpupils from
unaidedschools have better influence on their
interestin science.

The extent of relationshipbetween out-of-school
scienceexperiences andinterest inscience is
more forchildren from unaidedschools, than
from both aidedand government schools. Owing
to the interventions and guidance from parents
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andteachers, students from unaidedschools are
more orientatedtowards academics.They have
better facilities at school like computerlab, rich
libraries that enrichtheir experiencesand give
them anopportunity to develop widerareas of
interest.

Educational Implications

The findings bring to focus the fact that the
nature andextent of out-of-school science
experiencesand interestin sciencevary for
different strata of population. The study also
validatedthe person-objecttheory of interest by
establishing relationshipbetween pupil's
experienceand her/hisinterest. Further, it was
revealedthat the extentof relationship between
out-of-schoal scienceexperiences andinterest in
science differedamong subsamples.These
findings render useful information that can bring
about somereformations inthe educational
scerario.

One cannot do much to control out-of-school
experiences, but knowing about what pupils bring
to the classroom will help for providing better
educational circumstances. Fora constructivist
teacher, knowledge of pupils’ out-of-school
experiences isinvaluableasthe present
experiences are building blocks ofthe future
experiences.Knowing students’experiences also
assists in providing those experiences that pupil
lack. Evidence of pupils’experiential background
can helpa teacherto choosethose experiences
thatcan resultin minimal dissonance with
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existing experiences. Inaddition, teachers can
know how pupils use science intheir daily life.
Moreover, whatpeople dois moreimportant than
what theymerely ‘know'.

Interest developsvery earlyin life.So monitoring
of interestshould begin from primary school
itself. Interestand attitude that one develops in the
lowerclasses influencetheir future choices (Lloyd
andContreras, 1984). Leaving nature of interests
and their fields unnoticedin the developing stages
of achild is detrimental as, no matterhow hard
we try inthe later stages, it would be quite difficult
to make her/him getinterested and people to
appreciatescience. ldentifying pupils’ diverse
interests helps tonurture interestas wellas to
find innovative means to make thosefields of
science inwhich theylack interestappealing. This
proveshelpful toalleviate transitional problems as
they reachsecondary schools withdiversified
science curriculum.

An analysis of the extent of experiences and
interest showedthat children generally have lesser
extent of experience aswell asinterest in
chemistry. Making children realisethat chemistry
is something that is going on all around and
within uswill helpthem seeits significance.
Extent of experience andinterest in biology is
relativelyhigh. Pupils need tosee thatthe very
essenceof biologyrests onchemical reactions.
Thiswould helpthem appreciatethe significance
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of chemistryin ourlives. Oncethey understand

the utility of chemistry, theywill getinterested, as
pupils needto feel the relevance of aconceptin
theirlife todevelop interestin it (Qualter, 1993).

The disparityin out-of-school experiences is
naturalas personal choiceand the social, cultural
and economic background from which pupils
comedeterminethese experiences. Still we
cannot ignore the disparity in out-of-school
experiences, as a substantial positive correlation
existsbetween out-of-school science experiences
and interestin science.

Girls lesserextent of experience andinterest in
physicsreveals that irrespective of thevast cultural
differences, girlsall overthe worldremainelusive
once tcomes tophysics. Thereasoncited
elsewhere -sex-role socialisation- couldbe the
causeforsuchgender dfferencesinphysics in
Keralaalso. Evenin themodernworld there still
existmale andfemale stereotype activitiesand
preferences. Physicsis dominatedby hands-on
mechanical andtechnological activities, from which
girlsshy awayor are kept away.Girls haveto be
moreaccustomedto physics and made aware of
the significance of physicslest theyremainfar
behind in the modern techno-savvy world.

In the case of rural pupils, the environmental
factorsallow them to have nature related
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experiences but whenitcomes to technological
aspects, theydo not get thefacilities that the
affluenturbanlocale provides.Rural children
cometo schoolwith animpoverished experiential
background. The situation at school is not
different. Avisit to rural schools can giveus a
glimpse of the poor infrastructural facilities that
pupils have. Disparitybetween urbanand rural
schools can do nothing but contribute to the
backwardness of rural pupils.The solutionlies in
acomplete revampingof rural schools. More
computersand betterlaboratory facilities,
supplemented withtrained teacherswith enough
motivation, frequenteducational excursions to
places of scientific interestand availahility of other
resources might be one-step in this direction.

Thelack of experience and interest am ongst+
pupils in Governmentaided schools is aserious
issuebecause inKerala majorityof schools
belongto this sector (Department of General
Education, Kerala, 2002-03 and 2003-04).
Government provides necessaryfacilities for
school sinthepublic sectorwhereas unaided
school s have the strong supportof wealthy
managements,trusts and parents. Government
aided schools, on the other hand, espe cially
upper primary schools, arewanting inaids from
boththe governmentas wellas management.
This further aggravates the disadvantaged
position of pupilsin these schools. Therefore,
governmentand managementhave to pay special
attention to the needs of pupils aided schools so
that their pupil can be on par with those from
government and unaided schools.



STUDENTS' SCIENCERELATED EXPERIENCES,INTEREST IN SCIENCETOPICS AND THER INTERRELATION-SOME IMPLICATIONS

The inequality in the magnitude of interest is not a
welcomediscovery, as over theyears, govemment
has beendiligentlyworking towards reducing the
discrepancyin interestin science between various
strata of population. A major landmarkin the
science education was the introduction of the
activty-oriented learning. Nevertheless, there
exists amajor distinctionbetween out-of-school
learning andclassroom learning.Most often
pupils undertake the activities as partof the
curricularrequirements.Classroom learning,
thus,becomes compulsoryand extrinsically
motivated.Moreover, allactivities aretimed and
collective.Scopefor individualvariations is
limited. Incontrast, out-of-school learningis one
of personal choices,giving ample freedom for
exploration. The personal autonomymakes out-
of-school experiences a crucial determiner of
interest,as freedom to makedecisions can
enhanceinterest (Hanrahan,1998). Activity
orientedclassrooms canbe transformedfor the
better ifteachers arewiling toaccommodate this
need of pupils for liberty. Instead of directing
them to do exact prescription in the textbook,
teacher canenquire abouthow theywould deal
with a particular situation. This would not only
allowthe use of out-of-school experiences but
also bringstudents nearerto diverseideas that
cansupplementclassroom learning.
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Out-of-schoollearning facilitates pupils” inherent
nature of individualised way of acquiring
information. Usingout-of-school experiences in
science classroomsthus individualises
instruction.

The above discussionon the implications brings
on certainrecommendations tooptimise science
learning.Conduct of science enrichment
programmes where pupilscan implement
scientific methodunder the guidance of resource
persons willhelp createa psychological
moratorium’-an engagingand psychologically
safe chancefor learnersto experimentwith the
identity of self as scientist (Erikson, 1968).This not
onlyenhances interestbut alsogives enriching
experiences tostudents whodo nothave access
to suchexperiences. Attemptneeds to bemade to
make pupils awareof thetaskvalue (Eccles and
Wigfield,1995). Taskvalue indicates the abilityof a
task tosatisfy personal needs, whichin turn
depends on the interest,importance and utility of
the task. Establishingeducational guidance cells,
especially inrural areas can helpto develop
awareness about benefits of science thereby
nurturing interestin science.As experimental
activities are better predicators of interest in
science, pupils need more opportunities for
experimental activities and club activities.
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With the advent and rapid expansion in
Information and Communication Technology, the
access to highereducation is being expanded
enormouslyand fundamentally changing the
models of education. Today, with the use of
technology, educationhas becomemore learner-
centric, indvidualised,interactive and relevant to
learner’s needs, thus making ittruly alife long
learning. Higher educationcan no longer be
consideredasa campus-basededucation for
students.The arrivalof computerand later
internet has opened a much wider horizon for
education.Computers have takenover every
conceivablefield of operation today.

Computer Aided Learning (CAL) is based on the
integrative approach wherebya lectureor an
instruction is not replaced bythe computer
programme but it is introduced during the course
as alearning resource. It refersto the use of
computers to aid and support the education and
training of the students. It is pedagogy
empowered bydigital technology.Computers are
beingincreasingly employedfor classroom
instruction as also for individualisedand distance

education. Computer-Based Instruction(CBI) is
variously known as Computer Aided Learning
(CAL) in the U.K.and Computer Assisted Learning
(CAl) inthe USA. Theyboth refer to on-line direct
interactive learning experience through the
computer. Thesynonyms for CALare Internet
Based Training (IBT) orweb based Training (WBT),
Multimedia Learning, Networked Learning and
Virtual Education.

CAL s to convey vastamount information in a very
short period of time. It is a powerful method of
reinforcing concepts and topics first introduced
through the text book and discussion inthe
classroom.CAL empowers us witha powerful
tool tocomprehend complex concepts. Theuse of
computersin educationis basicallya visionas a
teaching and learning aid, besides it helps to
developcomputerliteracyamongst children.
CALhelps tomake the teaching-learning process
joyful, interesting and easy to understand through
audio-visual media. Ithas potential to improve
students’performance by promoting active
participation, maintaining attention to tasks and
enhancing problem-solving skills.



The psychological bases of using CALare that
learning could take place through hands on
activities and by providing opportunity to the
learner toconstruct her/his own knowledge
basedon one’s experiences. The students become
an equal partner inthe development of the
knowledge. It reflects the true spirit ofthe age old
saying, ‘Tell meand Iwill forget; Show meand |
might remember; But involve meand | will
understand.

Instructional Applications of
Computers

CAL perhaps provides the best opportunity to the
students for self-guidedlearning. Itis self-paced
and self-planned,with the students themselves
choosing their own paths through the web of
information encompassedby the package. It can
be done in one of the many different modes of
instruction,some of which are:

Tutorial Mode- In this mode, information is
presented insmall unitsfollowed bya question.
Thestudent’s responseis analysedby the
computer andan appropriate feedback is
provided.

Drill and Practice Mode- In this mode, the
learneris provided witha numberof graded
examples onthe concepts andprinciples learnt
earlier. Theidea is to develop proficiency and
fluencythrough doing.All the correct responses
arereinforced andthe incorrectresponses are
diagnosedand corrected.The computer
continues the drilluntil masteryis achieved by the
learner.

Inthe Simulation mode, the learneris presented
withscaled-down simulatedsituations bearing
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correspondence withthe real situations, e.g.
simulationof anoscillating pendutum,
propagation of waves, flight of an aeroplane,
occurrence ofa nuclearreaction, etc.

Inthe Discovery Mode, theinductive
approach to teachingand learning is
followed. The learrer is encouraged to
proceed through trialand error approach, i.e.
bysolving agiven problem, realising, where
and how the things went wrong, trying again
andfinally solvingthe problem.

Inthe Gaming Mode, thelearnerisengaged in
playing opposite the computeror afellow learner.
The extent of learning depends on the type of the
game.Gameson spellings,rames of places or
gereral knowledge games aresome examples.

Advantages of Computer Aided
Learning

The basic tenets of CAL offer the following
advantages overother systems of instruction.

e Scalability

Manyaspects of CAL arescalable, particularly
whenlnternet derivedtechnologies are
utilised to producea CAL package. Unlike
other educational media,a CALpackage is
digitally stored. Thus, it may be reproduced
without erroras manytimes asrequired. By
providing accessto aCAL packageovera
networkmany students may usea single
resource. Further,if the CAL packageis made
accessible via aninternet browserthen it
becomes potentially available to avery wide
populationof learnersusing alarge number
of computers.



Quarterly Journal

e Interactivity

Theimportance ofinteraction toleamingwas
eloquentlysummarised by Confuscius: “ What/
hear/forget. What /see Iremember: What /cb /
remember always” The natureof CALlends itself
toinvolvingthe studentwiththe learning
processeswithtasks requiringactionsas also
those dependent onfeedback on the action that
thestudentmayrecewe leadingtofurther
appropriate tasks.This goal-action-feedback
cyclemaybefollowed inasimpleseries of
interactivequestions, acomplex case studyor
even acomputer simulationofaclinical situation.

Automationof Assessment

Asastudent interacts witha CALexerciseitis
possibletokeep arecord ofeachinteractionon
anidentifiable log file. This provides a convenient
option to check onstudent performance by
checkingonthe correctness of responsetothe
CALexercise.Further, by building-upa profile of
howa numberof usersinteract withthe system it
ispossile to identifyweaknesses inthe CAL
exercise itself.Theautomatic logs canthus help
decrease boththe burdens on assessing
students andvalidating CAL exercises.

Information interconnectivity

The information maybe interconnected on
computers,which allowusers toclick on
highlighted text to jJump ina non-sequential
mannerto relatedinformation including
pictures, audio and video clips.

Multimedia

Theincorporation of multimedia elements
such asimages, audio and video clips in CAL
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packages provide morethan simply
enhancing theinterest ofthe Learner.
Cognitive psychologists suggest that learning
is facilitated if the student hasto undertake
activeprocessing of presented information,
“mentalroughage”. Differentindividuals learn
better in respons e todifferent media, and it
has been suggestedthat learning may be
improved by providing information in more
than one form simultaneouslysuch as
animation with sound.

Students convenience

The convenienceof the student is taken care of
in learningthrough CATexercises. Each
student receives instruction at his own pace.

Continuity

Each student responds continuouslyas she/he
receives instructions.

Rapid Feedback

Each studentreceives rapidfeedback. The
student gets has/his feedback forthe previous
content beforereaching the next level.

Divisionof Content

All units of learning are broken down into
subunitsand smallelements of learning. The
student gains mastery over thefirst subunit
before moving to the next subunit.

Standardisation of the Content

The same materialis availabletoa large
number of learners overawide geographical
area,which standardises the learning
experience wheneverthe learnerlogs on.



Serves a large population

Asingle programmecan helpthousands of
studentsto learnthe content practically located
anywhere onthe globe.

Nonverbal and Auditory

It is possible to present the content in
nonverbal and auditoryform other than the
text form.

Physical Obstacles to use of Computer
Assisted Learning

Thedevelopment of high-tech computer-
assistedlearningprogramsis labour
intensive, requiringappropriate hardware,
backup and frequent upgrading.

A dedicatedinformation technologystaff is
necessary to provide practical advice and
maintenance ofthe softwareand hardware.

Some people may beless inclinedto use
electronic resources because ofpercened
lack of computer literacy.

Thereis alack of adequate basic
infrastructurein schools.

Lack of funds for operations and
maintenance makesitdifficultto maintain
high standards of Computer Assisted
Learning.

Lackof evaluationtechniques andresults of
tools, makes it difficult to know the
effectiveness ofthe instruction.

Therearefew leamingresources for
teachersinrural areas.
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Teachers related issues

Many atime evenif teachers had beentrained in
the use of computer aided teaching, the
integration of ICT in the teaching/learning
processis not sustainable.Some common
reasons could be:

e teacheroverloadas theyhave toprepare the
programs for ComputerAssisted Learning,

e lack of incentivesand motivation for the
teachers,

¢ shortage oftrained teachers,

¢ non-availabilityof latest Technology Hardware
and basic Infrastructure and

e non-awailabilityof propertechnical assistance.
Findings of the Research

The researchesregarding use of CALsupport the
following:

e The useof CALas asupplement to
conventional instruction produces higher
achievement thanthe use of conventional
instruction alone.

e Researchis inconclusiveregarding the
comparative effectiveness of conventional
instruction vis a vis CAL.

¢ Computer-basededucation (CALand other
computer applications) produce higher
achievement thanconventionalinstruction
alone.

e Useof wordprocessors bythe students
faciltates developmentof wriingskills leading
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to higher-qualitywritten work as compared to
other methods employed for improving writing
skills (paper and pencil, conventional
typewriters).

Students learn material faster withCAL than
with conventionalinstruction alone.

Students retainwhat theyhave learnedbetter with
CALthanwith conventionalinstruction alone.

Theuseof CAL leads tomore postive attitudes
toward computers,course content,quality of
instruction,schoolin general,and self-as-learrer
than the useof conventionalinstruction alone.

The use of CALis associated with other
beneficial outcomes, includinggreater internal
locus of control,school attendance,
motivation/time-on-task,and student-student
cooperation and collaborationthan the use of
conventionalinstruction alone.

CALis morebeneficial for younger students
thanolder ones.

CAL is more beneficial with lower-achieving
students than with higher-achieving ones.

Economically disadvantagedstudents benefit
more from CALthan students from higher
socio-economic backgrounds.
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e CALis moreeffective forteaching lower-
cognitive material than higher-cognitive
material.

e Most handicappedstudents, including learning
disabled mentally retarded, hearing impaired,
emotionally disturbed,andlanguage
disordered,achieve athigher levelswith CAL
than with conventional instruction alone.

e There areno significant differencesin the
effectiveness of CALasfar as gender of
leamersis concemed.

e Students’ fondnessfor CAlLactivities centres
on the immediate, objective, and positive
feedback provided bythese activities.

e CAlactivities appear tobeatleast as
cost-effective as — and sometimes more cost-
effectivethan— otherinstructional methods,
suchas teacher-directedinstructionand
tutoring.

Most programmes of computer-based instruction
evaluated inthe pasthave produced positive effects
on student learningand attitudes. Further
programmes for developingand implementing
computer-basedinstructionshouldtherefore be
encouraged.
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Allatoms withina neutralmolecule need not be
neutral. The location of any chargeis often
important for understandingreactivity of the
molecule. lons bear apositive ornegative charge.

If the ion is polyatomic (i.e. constructed of more
thanone atom),we mightask whichatom (s) of ion
carrythe charge? Thus knowledge of charge
distribution over the atomsinamolecule or ion
(identificationof atom that are electronrich or
electron poor] canbe usefu tointerpretmany
facets of organic chemistry,including how and why
reactions occur (mechanisms) orhowmolecules
interact witheach other,a featurewhich strongly
influencesphysical andbiological properties.

Chemists have developeda verysimple book
keeping method to determine if an atom within a
molecule orionisneutral, orbears apositive or
negative charge.The methodprovides integer
chargeonly.Because this method provides some
indication of charge distribution, it is an excellent
starting pointfor determining electron
distribution within a molecule or anion, hence
gives astarting point to predictchemical and

physical properties. Theseassigned integer
chargesare calledformal charges.A formal
chargeis acomparison of electrons ownedby an
atomin alewis structureversus the number of
electrons possessedby thesame atominits
unbound, freeatomic state.Also formalcharge is
way of counting electrons involved in bonding.

Formalchargeis calculated asfollows :

FC = GN-UE-1/2BE
FC = formalcharge

GN = periodic table group number (number of
valenceelectronsinfree, nonbonded
atom)

UE = numberofunshared electrons

BE = number ofelectrons sharedin covalent

bonds.

ORFC= (number ofvalence electronsin the
neutralatom) - (number of electrons in
lone pair) - (number of covalent bonds)

Thus for hydronium ion, (H,0)
FC = 6-2-"6)=+
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H—{O—H
He=FC —1-0-¥%{2)—0

The formal charge on hydrogen is calculated as
follows. Hydrogenhas onevalence electron(GN=1),
no unshared (UE = 0) and two shared electrons in
the oxygen- hydrogen covalentbond (BE =2). Thus
the calculatedformal charge on hydrogenis zero.

Because, each hydrogen atom in this molecule is
identical, eachhydrogen atom has thesame formal
charge of zero. Any hydrogen bearingone covalent
bond always has aformal charge of zero.

Similarly,theformal chargeon oxygenis calculated
asfollows.Oxygen has six valenceelectrons (GN=6],
two unshared inone lone pair (UE =2), a sixshared
electrons inthree oxygen- hydrogencovalent bonds
(BE =6).Thus,the calculated formal chargeon oxygen
is +1. This indicates the oxygen atom bears the
majorty of the positive charge of this ion.

In addition to above methods, it isalso possble to
determine formal charge instinctively based on
comparingstructure. Theinstinctive methodis based
on comparing the structure with common, known
neutral structures. To dothis it needs to recognise
thecommonreutral structures: that means 'C'has
4 bonds; N has 3 bonds with one lone pair, O has
2 bonds with two lone pair, F has one bond with
three lone pairs.For moreclarity refer Table No.1.

- In the middle of the Table 1are the neutral
bonding situation for C, N, O and halogen F
(Just think of each central atom bond being
to a hydrogen).
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- Totheleft,abond has beenlostbut corverted
to alone pair,so thecentral atom has gained
anelectron andbecome [-ve).

- Tothe right, there are two scenarios : (i C
and F has lostthe sharedelectron ofa bond,
so losing one electron from the count to
become positive (+ve] (i) N and O have
converted two unshared electrons into a
shared pairof electronsin a bond,so losing
one electron from the count to become
positive (+ve).

Table-1

B . S
I I
T T =
15 —F B

Thus, to find formal charge we follow the following
steps:

() Wecountthevalence electronsthat belongto each
atom.Forthisitshouldberememberedthat

- Unshared pairs belong entirely to the atom
onwhich they reside.

- Shared pairsof electrons are equallybetween
the atoms bywhich theyare shared:Half belong
toone atom,and half belongto the other.
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(2) Comparethe numberofelectronsthat belong
to each atom in a molecule or ion with the
number of valence electrons brought into
bonding by the neutral atom. That means
carbon always bring 4 valence electrons into
bonding, nitrogen brings five electrons into
bonding, oxygen brings 6 electrons into
bonding, halogens brings 7 electrons into
bonding and hydrogen brings 1 electrons into

bonding.

(3) If thenumberofvalence electrons belonging to
the atominamolecule orionisdifferent from
the number that belong to the neutral atom,
the atom has a formal charge. That means if
the number of electrons that belong is one
more thanthe number in neutral atom, then
the formal charge wouldbe -1.If the number of
electrons that belongto onatom inamolecule
orionis oreless thanthe numberof electrons
on neutralatom, theformal chargeis +1.1f the
numberof electronsthat belongis sameas the
number brought into bonding, the formal
chargeis 0.

Selection of Reasonance Structures

Basing onformal chargeitis possible toselect the
appropriate resonance structure of any molecule
outof several possible Lewis structures.Fewtips to
determineappropriate Lewis structure asfollows :

() The best Lewis structure for resonance
contributingstructure has the leastnumber of

atomswithformalcharge.

(2) Egquvalentatoms havethe same formal charge.
For example, all the hydrogen atoms of

methare (CH,) areequivalentandtherefore have
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thesameformal charge. All sixhydrogen atoms
in ethane [H3C—C H3] have the same formal
charge, asdo the twocarbon atoms.

(8] Formal charges other than +1, 0 or -1 are
uncommon exceptformetals.
(4) Ifthe sum of theformal chargeis 0,the species

isa moleculeandifthe sumoftheformal charge
is not 0, then the species is anion.

Resonance and Formal charge

Resonance structure often have formal charges
associated with them.For instance NO,molecules
formal chargecan becalculatedas:

s -
M M

s = 5,

:l;'_II: 1;:%-I_‘:_I :!f .'1_'_:!:

In structure Il the right hand oxygen has three
nonbonding pairs, so this counts for six electrons.
Then oxygen gets one of the two electrons in the
bond withnitrogen. That's the numberof electrons
7, giving the Oa minus one formal charge.

N
0

:1 _?'.

The other O has two nonbonding pairs of electrons
and it also gets its share of 2 of four electrons
present in the double bond. That's six electrons,
thus the left hand O has no formal charge.

The nitrogen gets its share of two electrons from
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the double bond, one from the single bondand one
from the half-filled orbital associated withit. That's
atotal of electrons. Thisgives ‘N'a +1formal charge
since itneeds belectrons tobe neutral.

Similarly, consider the important allotrope of
oxygen, ozone. This molecule is known to be bent
but notan equilateral triangle. It is also known that
it is symmetric with respect to the 0-0 bonds. (It
does infact have atwo-fold symmetry axis,and two
perpendicular symmetryplanes i.e. C, symmetry)
The Lewis theory cannot predict this structure
without assigning formal charges to resonance
structures. Ozone can berepresented as:

[LI

In structure lll, the two terminal oxygen possesses
Y2 charges whereas the middle oxygen possesses
one positive charge. It is however to be noted that
for all resonating structureswe can‘twrite formal
charges. For instance benzene and its homologue
because of their aromatic stabilisation and
delocalisedpi [r) electronic cloud.

Davio G. De Wir. 1994. . Chem. Education, 71, 750

B. Bruke. W. Eowern. 2002. . Chem. Education, 2 (79) 155

J. Ricel. 1948. . Am. Chem. Soc.: 70, 109
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To sum up, formal charge is an important tool in
solving conceptual problems in chemistry i.e.
stabllity, structureelucidation, reactivity,acidity, etc.
of molecules or ions. Also, it offers reasonable
explanation tothe following :

1. N,isstablebutisoelectronic COis reactive.

2. HPOQ, readily combines with water to form
H,PO, while HNO,has nosuch tendency.

3. Acidic strength decreases in the order
HCLO, > HCLO,>HCLO,> HCLO.

4. HNO,is astronger acid than HNO,.
Ozone isless stablethan O,

6. S0, PO, polymerise (linear chains), silicates
polymerise sharingcorner, while NO,-can't.

7. The plausible structure of formaldehyde is
HCHO, i.e.

m,
=1
n

8. J.Ricci explained the acidic character of oxy
acids interms offormal chargeas :

pK=5.0-m (9.0)+ n(4.0)

where m=formal charge oncentral atom,

n = number of non hydroxyl oxygen atoms in
the acids.
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“The stocksof petroleum, coal, propane,and naturalgas willbe consumedin a few years.”

“Most of the observed increasein globallyaveragedtemperaturessince the mid-20th centuryis due to the
observedincrease inanthropogenic greenhouse gasconcentrations.”

“The majority of the known petroleum reservesare locatedin the Middl Eastand thuswortwide fuel
shortages would intensifythe unrest thatexists inthe region, leading tofurther conflictand war.”

This concernand words of apprehension
regardingconventional petroleum products has
been startingthe peopleall overthe worldsince a
decade. Thereis a growing anxiety due to general
environmental, economic,and geopalitical
matters ofsustainability of the petroleum
products.Also the prices of the fossils fuels have
been upsurging day-by-day. The only solution to
these problemsis the identification and usage of
the alternative fuels inindustry, transportation
and in economy of the world.

What are Alternative Fuels?

usedas fuels,other thanconventional fuels.
Conventional fuels include: fossil fuels [petroleum
(0il), coal, propane, andnatural gas),and nuclear
materials suchas uranium.An array of alternative
fuels are thereviz. biodiesel, bioalcohol (methanol,
ethanol,butanol], chemicallystoredelectricity
(batteries andfuel cells), hydrogen, non-fossil
methane, non-fossil natural gas, vegetable oil and
otherbiomass sources.

Why is there an increasing demand
for alternative fuels?

Alternativefuels arealso knownas non-
conventional fuelsand are substances thatcan be

Avariety of reasons contribute towards the
increaseddemand foralternative fuels,
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1. Environmental Concern - The major
environmental concern,according toan IPCC
report, isthat "Mostof the observed increase
in globallyaveragedtemperatures since the
mid-20th century is due to the observed
increasein anthropogenic greenhouse gas
concentrations.” Sinceburning fossil fuels is
knownto increase greenhouse gas
concentrations in theatmosphere, theyare a
likelycontributor toglobal warming.

. Economicand Political Concern - The majority
of theknownpetroleumreserves arelocated in
the Middle East. Thereis generalconcern that
worldwide fuel shortage couldintensify the
unrest that exists in the region, leading to
further conflictand war.

. LimitedReserves of the Alternativefuels -
Other importantconcern whichhave fuelled

demand revolvearound the concept of peak oil,

which predicts risingfuel costs as production
ratesof petroleum enter aterminal decline.
According to the Hubbert peak theory, when
the productionlevels peak,demand foroil will
exceed supply and without proper mitigation
this gap will continue to grow as production
drops, whichcould causea major

energy crisis.

Biodiesel

Biodiesel refersto avegetable oil - oranimal fat-
baseddiesel fuel consisting of long-chain alkyl
(methy, propyl orethyl) esters. Biodiesel is
typicallymade by chemically reactinglipids (e.g.,
vegetable oil,animal fat(tallow] withan alcohol.
Biodieselis meantto beused instandard diesel
engines alone,or blendedwith petrodiesel.
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Biodiesel can be produced from a greatvariety of
feedstocks like vegetable olls (soyabean,
cottonseed, peanut, sunflower, coconut,etc.) and
anmalfats (tallow)as well as wasteails (used
fryingoils).

The problem with the use of biodiesel includes the
inherent higher price of the biodiesel, whichin
many countries is offset bylegislative and
regulatory incentives or subsidies in theform of
reducedexcisetaxes,Slightlyincreased NOX
exhaust emissions from biodiesel burning,
oxidative stability, and Cold flow properties which
are especiallyrelevant incold countries.

Bioalcohol ([Methanol and ethanol)

Ethanalis generallymade from corn, biomass
(agricultural crops and waste like rice straw), plant
materialleft from logging, andtrash including
cellulose.Methanol canbe made from various
biomass resourceslike wood,as wellas from
coal. However,todaynearlyall methanolis made
from natural gas,because itis cheaper.

Methanoland ethanolare notprimary sources
of energy; however, theyare convenient fuels for
storing andtransporting energy. These alcohol
can be usedininternal combustion engines
such as flexible fuel ve hicles with minor
modifications.

The use of bioethanol in replacingfossil fuels in
vehiclesisa matterof concernas largeamount of
arable landis requiredfor crops resulting in
imbalanceof environmentand energybut recent
developmentswith cellulosic ethanol production
andcommercialisation mayassuage these
concerns.



Chemically stored electricity

Chemically storedelectricityis used torunelectric
cars, TV.andelectrical appliancesetc.Electric
vehicles receive theirpower fromvarious sources,
including fossil fuels, nuclear power, and
renewablesources (tidal power, solar power,and
wind power) orany combination of those. After
generation, this energy is then transmitted to the
vehiclethrough use of overheadlines, wireless

energy transfer, or adirect connection through an
electrical cable.Theelectricitymay thenbe stored
onboard theehicle usinga battery, flywheel,super
capacitor, orfuel cell.Akeyadvantage of electric or
hybrid electricvehicles is their abilityto recover
brakingenergyaselectricity toberestoredto the
on-board battery or sentback to the grid whereas
whenfossilfuel vehicles brake, theysimplydump
the energyinto the environmentas waste heat.

The problemwith electricvehicles is of long
rechargetimes comparedto therelativelyfast
process of refuelling atank whichis further
complicated by the current scarcity of public
charging stations.

Hydrogen

Hydrogenis thelightest of all elements, easy to
producethrough electrolysis,burns nearly
pollution-free and beinga non-carbon fuel, the
exhaust is free of carbon dioxide.

Hydrogen asa fuel can bean asset but thereis no
accessible matural reserve of uncombined
hydrogen, sincewhat little there isresides in
Earth’'souter atmosphere. Therefore, hydrogen
for useas fuel must firstbe produced using
another energysource, makingit ameans to
transportenergy, ratherthan anenergy source.

ALTERNATIVE FUELS - ABOON. FOR FUTUREGENERATIONS

One existing method of hydrogen production is
steammethane reformation; however, this
method requires methane, which raises
sustainabilityconcerns. Another method of
hydrogen production is through electrolysis of
water,in whichelectricity generatedfrom any
sourcecanbeused. Photoelectrolysis,
biohydrogen, and biomass or coal gasification
have alsobeen proposedas meansto produce
hydrogen. Hydrogenhas thus currently become
impractical tobe usedas analternatve fuel.

Alternativefossil fuels

Compressed naturalgas (CNG)isacommon fuel
which comesfrom underground. However, natural
gas isa gas like air,rather a liquid like petroleum. It
has been foundto be one of themost
environmentally friendlyfuels andis usedto power
a caror truck.Natural gas ismade upof methane
(95 per cent] andthe other 5 per cent is made up of
various gases like butare, propanre, ethanealong
withsmallamounts of watervapour. However,
natural gasisafintte resourcelike all fossil fuels,
and tts production is expected topeak soonafter
oildoes.

Liquefied natural gas (LNG) is made by
refrigerating natural gas to -260° F to condense it
into aliquid (liquefaction) which removes most of
the water vapour, butane, propane, and other
trace gases,that areusually includedin ordinary
natural gas.The resultingLNG isusually more
than 98 per cent pure methane. The liquid form is
much denserthan naturalgas or CNGand has
much moreenergy. LNG is goodfor large trucks
that need to go along distance before they stop
formore fuel.
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Nanotechnology Used In Biofuel
Process

Dr James Palmer,Associate Professor of
chemicalengineering atLouisiana Tech
University, incollaboration withfellow professors
Dr YuriLvoy, DrDale Snow,and DrHisham Hegab,
has developedthe technologythat would
capitalise theenvironmental andfinancial benefits
of “biofuels” by using nanotechnology to further
improve the cellulosic ethanol processes.

Biofuels are expectedto playan importantrole in
searchforsustainable fuelsandenergy
production solutions for the future. The demand
for fuel in future, however, cannot be satisfied
with traditional crops suchas sugarcaneor corn
alone.Emerging technologies are allowing
cellulosic biomass (wood,grass, stalks, etc.Jto be
also convertedinto ethanol.Cellulosic ethanol
does not compete with food production and has
the potential todecrease emissions of greenhouse

gases (GHG) by 86 percent over that of today's
fossi fuels. Currenttechniques forcorn ethanol
reduce greenhousegases byonly 19 per cent.

The nanotechnology processes developed at
Louisiana Tech University,allows immobilisation
of expensiveenzymes usedto convertcellulose to
sugars, andthus makes them availableforreuse
several times overtherebysignificantly reducing
the overall cost of the process.Savings estimates
range from approximately $32 millionfor each
cellulosic etharol plant. This process caneasily be
applied inlargescalecommercial ervironments
and canimmobilisein a wide varietyor mixture of
enzymes production.

(Source: Science Daily online)

Giant Leap for Nerve Cell Repair

Therepairofdamaged nervecellsisa major
problem in medicine today.A new study by
DrDavid Colman,Directoratthe Montreal
Neurological Institute and Hospital(The Neuro)
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and hisresearch team,is asignificant advance
towards asolution for neuronal repair.The study
featuredfirst toshow thatnerve cellswill grow
and make meaningful, functional contacts, or
synapses, the specialised junctions through which
neurons signalto each other withan artificial
component, inthis case, plastic beads coated with
a substancethat encourages adhesion, and
attracts thenerve cells.

Many therapies,most still in the conceptual stage,
are aimingat torestore the connection between
thenerve celland the severed nerve Fibres that
innervate atarget tissue, typically muscle.
Traditional approaches to therapies would require
the re-growthof asevered nerve fibreby a
distance of up to onemetre in order to potentially
restore function. The new approach, according to
researchers,bypasses the need toforcenerve
cells toartificially growthese longdistances, and
eliminatesthe demandfor twoneurons tomake a
synapse, both of which are considerable obstacles
toneuronal repairin adamaged system.

Thesynapses generatedin thisresearch are
virtually identical to theirnatural counterparts
except the receiving’ side of the synapse is an
artificial plastic rather thananother nervecell or
the target tissueitself. This study is the first that
usesthese particulardevices, toshow that
adhesion is a fundamentalfirst step in triggering
syraptic assembly.

In orderto assess function thatis transmission of
a signal from the synapse theystimulated the
nerve cellswith electricity,sending the signal, an
actionpotential, tothe synapse. By artificially
stimulating nerve cellsinthe presenceof dyes,
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they could see thattransmission hadtaken place
asthe dyeswere takenup bythe synapses.

They believe that within the next five years, it will
be possible tohave afully functional device that
willbe abletodirectlyconvey natural nerve cell
signalsfrom the nerve cellitself toan artificial
matrix containinga mini-computer that will
communicatewirelesslywithtargettissues.These
results notonly providea modelto understand
how neuronsare formedwhich canbe employed
in subsequent studies but also provides hope for
thoseaffected and potentially holds promise for
the useof artificial substrates in the repair of
damagednerwes.

(Source: Science Daily online)

New Mesozoic Mammal

Dr Zhe-Xi Luo, curator of vertebrate paleontology
and associatedirector of science andresearch at
Carnegie Museum of Natural Historyand his
colleagues have discovereda new species of
mammal thatlived 123million yearsagoin
Liaoning Province in northeastern China. The
newlydiscovered animal, Maotheriumasiatcus,
comes from famous fossil-richbeds of the Yixian
Formation.

Maotherium asiaticus isasymmetrodont,
meaningthat ithas teethwith symmetrically
arrangedcusps specialisedfor feedingon insects
and worms. It lived on the ground and had a

body 15 cm long and weighing approximately
70to 80 g. By studying all features in this
exquisitelypreserved fossil,researchers believe
Maotheriumto bemore closelyrelated to
marsupials and placentals thanto monotremes



primitive egg layingmammals of Australia and
New Guineasuchas the platypus.

Thisnew remarkablywell preservedfossil, offers
animportantinsight into howthe mammalian
middle earevolved. The discoveries of such
exquisitedinosaurage mammalsfrom China
provide developmental biologists and
paleontologists withevidence of how
developmental mechanisms haveimpactedthe
morphological evolutionof the earliest mammals
and sheds light onhow complexstructures can
arise inevolution because of changes in
developmental pathways.

Mammals have highlysensitive hearing, far better
than the hearing capacityof all othervertebrates,
andhearingis fundamental tothe mammalian
way of life. Themammalian earevolution is
important for understanding the origins of key
mammalian adaptations.The intricate middle ear
structure ofmammals (includinghumans) has
moresensitive hearing,discerning awider range
of sounds than other vertebrates. This sensitive
hearing wasa crucial adaptation, allowing
mammals tobe activein the darkness of the night
and to survive in the dinosaur dominated
Mesozoic.

Mammalian hearingadaptationis made possible
by asophisticated middle ear ofthree tiny bones,
known as the hammer(malleus], the anvil (incus),
and the stirrup(stapes), plus a bonyring for the
eardrum(tympanic membrare) . These mammal
middle ear bones evolved from the bones of the
jaw hingein their reptilian relatives.
Paleontologists have longattempted to
understand the evolutionary pathwayvia which
these precursor jawbones became separated
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from the jawand moved into the middle ear of
modemmammals.

Accordingto the Chinese and American scientists
who studiedthis newmammal, themiddle ear
bones of Maotheriumare partlysimilar tothose of
modem mammals:but Maotherium smiddle ear
has an unusual connection to the lowerjaw that is
unlikethat of adultmodernmammals. This
middle earconnection, alsoknown as the ossified
Meckel'scartilage, resembles the embryonic
condition of living mammals andthe primitive
middle earof pre-mammalianancestors. Because
Maotherium asiaticusispreserved three-
dimensionally, paleontologists wereable to
reconstruct howthe middle ear attachedto the
jaw. This can bea newevolutionary feature,
andcanbe interpretedas havinga “secondarily
reversalto theancestral condition,”meaning that
the adaptation is caused by changes in
development.

Modern developmentalbiology has shown that
developmental genes andtheir genenetwork can
triggerthe developmentof unusual middle ear
structures, suchas “re-appearance”of the
Meckel's cartilagein modernmice. Themiddle ear
morphologyinfossilmammal Maotheriumofthe
Cretaceous (145-65 millionyears ago) s very
similar tothe mutantmorphology inthe middle
ear of the micewith mutant genes. The scientific
team studyingthe fossil suggests thatthe unusual
middleear structure,such as the ossified
Meckel's cartilage, is actually themanifestation of
developmental gene mutationsin thedeep times
of Mesozoic mammal evolution.

(Source: Science Daily online)
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Smaller and More Efficient Nuclear
Battery

Batteries can poweranythingfrom small sensors
to largesystems. While scientists are finding ways
to makethem smallerbut evenmore powerful,
problems can arisewhen these batteries are
muchlarger and heavier thanthe devices
themselves. Jae Kwon, Assistant Professor of
electrical and computer engineeringat Unversity
of Missouri and his researcherteam, are
developinga nuclearenergy sourcethat is
smaller,lighter andmore efficient. To provide
enough power, it willneed certain methods with
high energy density. The radioisotope battery can
provide power density that is six orders of
magnitudehigher thanchemical batteries.

Dr Kwonand hisresearch teamhave been
workingon buildinga smallnuclear battery,
currently thesize and thickness ofa penny,
intended to power various micro/
nanoelectromechanical systems (M/NEMS).
Although nuclear batteries canpose concerns,
theyare safe.However, nuclear power sources
have alreadybeen safely powering avariety of
devices,such as pace-makers, spacesatellitesand
underwater systems.His innovation is notonly in
the battery’'s size, but also inits semiconductor.
Kwon's batteryuses aliquid semiconductor
ratherthan asolid semiconductor.The critical
part of using a radioactive batteryis that when
energy is drawn from it, part of the radiation
energy candamage thelattice structure of the
solid semiconductor. By using a liquid
semiconductor, this problem will minimise.

In thefuture, they hope toincrease the battery’s
power, shrink its size and try with various other
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materials.According to Kwon, the battery could
be thinner than the thickness of human hair.

(Source: Science Daily online)

ALICE: New Aluminium-water Rocket
Propellant

Steven Son,associate professorof mechanical
engineering at Purdue University and his
Research team have developeda newtype of
rocket propellantmade from a frozenmixture of
waterand “nanoscalealuminium” powderthat is
moreenvronmentally frendlythan conventional
propellantsand couldbe manufacturedon the
Moon, Mars and otherwater-bearing bodies.

Thealuminium-ice, or ALICE, propellantmight be
used to launch rockets into orbit and for long-
distancespace missionsand alsotogenerate
hydrogen forfuel cells.ALICE developedonthe
AirForce Office of Scientific Research and
Pennsylvania State University,was usedearlier to
launcha 9-foot-tall (2.75m) rocket. Thevehicle
reached analtitude of 1,300feet (396 m).The tiny
size of the aluminiumparticles, whichhave a
diametre of about 80 nanomets, or billionths of a
metre, isakeyto the propellant’s performance.
The nanoparticles combust more rapidly than
larger particlesand enable better control over the
reaction andthe rocket’s thrust.

ALICE provides thrust througha chemical
reactionbetween waterand aluminium.As the
aluminium ignites, water molecules provide
oxygen and hydrogen to fuel the combustion until
all of the powder is burned. ALICE might one day
replacesome liquidorsolidpropellants, and,
whenperfected, mighthave ahigher performance



thanconventional propellants.ltisalsoextremely
safe while frozenbecause it is difficultto get it
ignited accidentally. It could beimproved and
turnedinto apractical propellant. Theoretically, it
also couldbe manufacturedin distant places like
the Moon or Marsinstead of being transported at
high cost. Findings from spacecraftindicate the
presence of water on Mars andthe Moon, and
water alsomay existonasteroids,other moons
and bodies in space.

Manufacturers overthe past decade have learned,
how to make higher quality nano aluminium
particlesthanwas possible inthe past. The fuel
needs to befrozen for two reasons: it must be
solid toremain intact while subjectedto the
forces ofthe launch andalso to ensurethat it
does notslowly reactbefore itis used.Initially a
paste, the fuelis packedinto acylindrical mold
with a metal rod running through the centre. After
it is frozen, the rod is removed, leaving a cavity
running the length of the solid fuel cylinder.

A smallrocket engineabove the fuelis ignited,
sending hotgasses into the centralhole, causing
the ALICE fuel to ignite uniformly.

Otherresearchers previously have used
aluminium particlesin propellants,but those
propellants usuallyalso containedlarger, micron-
size particles, whereas the newfuel contained
pure nanoparticles. Futurework willfocus on
perfecting thefuel andalso mayexplore the
possibility of creating agelled fuel using the
nanoparticles. Sucha gelwould behave like a
liquid fuel, making it possible to varythe rate at
which the fuel is pumped into the combustion
chamber to throttle the motor up and down and
increase thevehicle's distance.Agelledfuel also
couldbe mixedwith materials containing larger
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amounts of hydrogen and then used to run
hydrogen fuel cells in addition torocket motors.

The researchis helping to traina new generation
of engineers to workin academia, industry, for
NASA andthe military. It is unusual for students
to get this kind of advanced and thorough training
togo from a basic-science concept all the wayto a
flying vehiclethat is ground testedand launched.
Thisis thewhole spectrum.

(Source: Science Daily online)

Does Moon have Water!

According to Dr Vincent Eke, in the Institute for
Computational Cosmology, at Durham University,
Crashing arocket intothe Moon will create “one
more dimple”on the lunar surface and could find
water iceon Earth’s nearest neighbour.

The Lunar Crater Observationand Sensing
Satellite (LCROSS) andits Centaur rocket was
made tosmash into acrater in the Cabeus region
of the Moon's South Pole in the second week of
October 2009. This site has been chosen in view of
higher concentration of hydrogen found in the
region which could be due to the hydrogen in
waterpresent thereas waterice. Therocket has
roughly the massof a Transit van and itwill hit the
Moon at about 5,600 miles per hour (9 000 km/h).
The energyof the collision has beenestimated to
be roughly equivalent to two tonnes of TNT. It has
beenestimated thatthe impactwould hurl
approximately 350 tonnes of material up from
moon'’s surfaceand will be propelledinto the
sunlight sothat scientists canstudy its
compositionby usingground-based telescopes.

ltmay berecalled thatin September 2009, India’s
Chandrayaan-1 probe had found that particles that
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make up theMoon’s sol are coatedwith small
amounts of H,0.It is contemplated thatthis water
inthe form of ice could be found in the frozen
confines of the Moon’s polarcraters where
temperatures arein thevicinity of minus 170
degrees Celsius.If itis so, thenthe Chandrayaan-1
data wouldimply thatthe topmetre of the surface
inthesecraters holds about 200,000 million Litre
of water.

According toDr Eke,waterice could be stablefor
billions of years on the Moon provided that itis cold
enough.Ifice is present inthe permanently shaded
lunar cratersof the Moon then itcould potentially
providea water source forthe eventual
establishment ofamanned base onthe Moon. Such
a base couldbe used asa platform for exploration
into thefurther reaches of oursolarsystem.

(Source: Science Daily online)

Nobel Prize in Physics: Creators of
Optical Fibre Communication and CCD
Image Sensor

TheRoyal SwedishAcademyof Sciences has
decided to award the Nobel Prizein Physics for
2009 with one halfto Charles K.Kao, Standard
Telecommunication Laboratones, Harlow, UK,
and Chinese Unwersity of Hong Kong “for
groundbreaking achievements concerning the
transmission of lightin fibres for optical
communication, and the other half jointlyto Willard
S. Boyleand GeorgeE. Smith, Bell Laboratories,
MurrayHill,NJ,USA “for the inventionof an
imagingsemiconductorcircuitCCD sensor”.

This year's Nobel Prizein Physics isawarded for
twoscientific achievements that have helped to
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shape the foundations of today’s networked
societies. Theyhave created many practical
innovations for everydaylife and provided new
tools forscientific exploration.

In1966,Charles K.Kao madea discoverythat led
to abreakthrough in fibre optics.He carefully
calculatedhow totransmit lightover long
distances viaoptical glassfibres. With afibre of
purest glassit wouldbe possible totransmit light
signals over 100 kilometres,compared toonly 20
metresfor thefibres availablein the1960s. Kao's
enthusiasm inspired other researcherstoshare
his vision of the future potential of fibre optics.
The firstultrapure fibrewas successfully
fabricatedjust fouryears later,in 1970.

Today optical fbres make upthe circulatory system
that nourishesour communicationsociety. These
low-loss glass fibres facilitateglobal broadband
communication such as thelnternet. Light flows in
thinthreads of glass,andit carries almost all of the
telephony anddata trafficin eachandevery
direction. Text, music,images and video can be
transferred aroundthe globe in asplit second.

Ifwe wereto unravel all of the glass fibres that
wind around the globe, we would get a single
thread overone billionkilometres long -which is
enough to encircle the globe more than 25 000
times - and isincreasing by thousands of
kilometres everyhour.

A largeshare of thetraffic is made upof digital
images, whichconstitute the second partof the
award.In 1969 WillardS.Boyle and George E.
Smith inventedthe firstsuccessful imaging
technology usinga digital sensor, aCCD (Charge-
CoupledDevice). The CCD technologymakes use
of the photoelectric effect,as theorised by Albert



Einstein andfor whichhe was awardedthe 1921
year’'s Nobel Prize. By this effect, light is
transformed into electric signals.The challenge
when designingan image sensor wasto gather
and read outthe signals inalarge number of
image points, pixels, ina short time.

The CCD isthe digital camera’s electroniceye. It
revolutionised photography, as light could now be
capturedelectronically instead of onfilm. The
digital form facilitates the processing and
distribution of these images. CCD technology is
alsoused inmany medical applications, e.g.
imaging the inside of the human body, both for
diagnostics andfor microsurgery.

Digital photographyhas becomean irreplaceable
toolin manyfields of research. The CCD has
provided new possibilities tovisualise the
previously unseen. It has given us crystal clear
images ofdistant placesin ouruniverse aswell as
the depths of the oceans.

(Source: Science Daily online)

Physicist Makes New High-resolution
Panorama of Milky Way

Cobbling together 3000 individual photographs, a
physicistAxel Mellinger,a professorat Central
Michigan University,has made anew high-
resolution panoramicimage of the full night sky,
with the Milky Way galaxy asits centrepiece.

This panorama image shows stars1000 times
fainterthanthe humaneye cansee, aswell as
hundreds of galaxies, star clustersand nebulae.
Its highresolution makes the panoramauseful for
both educationaland scientific purposes.
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Mellinger spent 22months andtravelled over
26,000 miles (41, 800km] to take digital
photographs at dark sky locations in South Africa,
Texas and Michigan. Each photograph is a two-
dimensional projection of the celestial sphere. As
such, each one contains distortions, in much the
same waythat flatmaps ofthe roundEarth are
distorted. In order for the images to fit together
seamlessly,those distortions had tobe accounted
for thatMellinger useda mathematical model and
hundreds of hours in front of a computer.

Dueto artificial light pollution, natural airglow, as
wellas sunlightscattered bydust inour solar
system, it isvirtually impossibletotakea wide-
fieldastronomical photographthat has a perfectly
uniform background. To fix this, he used data
from the Pioneer10and 11 space probes. The data
allowed him to distinguish starlight from
unwanted background light. He could then edit
out the varying background light in each
photograph. That way they would fit together
without looking patchy.

The result isan image of our homegalaxy that no
star-gazercould eversee froma single spot on
earth.Mellinger plansto makethe giant

648 megapixelimage available to planetariums
around the world.

(Source: Science Daily online)

New Evidence on Formation of Oil and Gas

Scientists in Washington,D.C. are reporting
laboratory evidence supporting the possibility that
someof Earth’s oil and natural gas may have
formed ina way much differentthan the
tradtional process.
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Accordingto AnuragSharma andcolleagues the
traditional process involves biological process
i.e. prehistoric plants died and changed into oil
and gas while sandwiched between layers of rock
in the hot, high-pressure environment deep
below Earth's surface. Somescientists, however,
believe thatoil and gas originated in other ways,
includingchemical reactions between carbon
dioxide andhydrogen below the Earth’s surface.

The genesis of the new study lies onthe description
ofthe process suggested byfamous Russian
chemistDimitn Mendeleevsome timearound 1877.
Takingtheir cluefrom this the researchers
combined ingredients for this so-called abiotic
synthesis of methane, the mainingredient in
natural gas,in adiamond-anvl celland montored
/in-situthe progress of the reaction. The damond
anvils cangenerate highpressuresand
temperatures similar tothosethatoccurdeep
below Earth’s surfaceand allow for /n-s/tuoptical
spectroscopyat theextreme environments.

Theresults stronglysuggest thatsome methane
couldform strictly from chemical reactionsina
variety ofchemical environments.This study
further highlights the role of reaction pathways
and fluid immiscibility in the extent of
hydrocarbon formationat extreme conditions
simulatingdeep subsurface.

(Source: Science Daily online)

Mathematical Model to Explain How
the Brain Might Stayin Balance

The human brainis made up of 100 billion of
neurons, actinglike live wires, whichmust be kept
in delicate balance tostabilise theworld’'s most
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magnificent computing organ. Too much
excitement andthe network will slipinto an
apoplectic, uncomprehendingchaos. Too much
inhibition and it will flat line. Marcelo O.
Magnasco, Head of the Laboratory of
Mathematical Physics atThe Rockefeller
Universty,and his colleagues have developed a
new mathematical model thatdescribes how the
trillions of interconnections among neurons
couldmaintain astable butdynamic relationship
that leaves the brain sensitive enoughto respond
to stimulation without veering into a blind seizure.

Howsuchamasswelycomplexand responsive
network,suchas the brain, canbalancethe
opposing forces of excitation and inhibition?
According to Magnasco, reurons functiontogether
inlocalisedgroups topreserve stability. The definng
characteristic of systemis thatthe unit of behaviour
isnot the individual neuronora local reural circuit
butrather groups of neurons thatcanoscilatein
synchrony. Theresultis thatthe systemis much
more tolerantto faults,individual neurons mayor
may notfire,indvidual connections mayor may not
transmitinformation tothe rext reuron, butthe
system keeps functioning.

Magnasco’s model differs fromtraditional models
of neural networks, whichassume thateach time
a neuron firesand stimulates an adjoining
neuron, the strength of the connection between
the twoincreases. Thisis calledthe Hebbian
theory ofsynaptic plasticityand is the classical
model forlearning. Butthe Magnascosystem is
anti-Hebbian. If the connections among any
groups of neurons are strongly oscillating
together, theyare weakened because they
threatenhomeostasis. Instead of tryingto learn,
our neurons are trying to forget. One advantage of



this anti-Hebbianmodel is that itbalances a
network witha muchlarger number of degrees of
freedom thanclassical models can accommodate,
a flexibilitythat is likely required by acomputer as
complex asthe brain.

Magnasco theorises that the connections that
balance excitation andinhibition are continually
flirting withinstability. He compares the behaviour
of neurons to anetwork of indefinitely large
numberof publicaddress systemstweaked to
that critical point atwhich a flick of the
microphone brings on a screech of feedback that
then fades to quiet with time.

This model of abalanced neural network is
abstract; it does not tryto recreate any specific
neural functionsuch as learning. Butit requires
only halfof the network connections to establish
the homeostatic balance of exhibition and
inhibition crucial to all other brain activity. The
other half of the network could be used for other
functionsthat maybe compatiblewith more
traditional models of neural networks, including
Hebbianlearning.

Dewelopinga systematic theory of how neurons
communicate couldprovide akey to some of the
basic questions that researchersare exploring
throughexperiments. This model could be one part
ofa better understanding. thas a large number of
interesting properties thatmake itasuitable
substrate foralarge-scale computing device.

(Source: Science Daily online)

Genomes of Biofuel Yeasts Mapped

Asglobal temperaturesand energycosts continue
to soar,renewable sources of energywill be key to
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asustainable future.An attractive replacement for
gasoline isbiofuel, and in twostudies scientists
have aralysedthe genomestructures of
bioethanol producing microorganisms,
uncovering genetic clues thatwill becritical in
developingnew technologies needed to
implementproductiononaglobal scale.

Bioethanol is producedfrom the fermentation of
plantmaterial, suchas sugarcane andcorn, by
the yeast Saccharomyces cerevisiae,just asinthe
production ofalcoholic beverages.However, yeast
strains thriving in the harsh conditions of
industrial fuel ethanol productionare much
harder thantheir beer brewingcounterparts, and
surprisingly little is known about howthis yeast
adapted to theindustrial environment. If
researcherscan identifythe geneticchanges that
underliethis adaptation, new yeaststrains could
be engineered to help shift bioethanol production
into high gear across the globe.

Two studies have takena major steptoward this
goal, identifying genomic properties of indus trial
fuelyeasts thatlikely gaverise to more robust
strains. Inone of the studies,researcher Lucas
Arguesoand colleagues from Duke U niversity at
USA andBrazil have sequenced and analysedthe
structure of the entire genome of strainPE-2, a
prominent industrial strainin Brazil. Their work
revealed thatportions ofthe genomeare plastic
comparedto otheryeast strains,specifically the
peripheral regions of chromosomes, where they
observed a numberof sequence
rearrangements.

Interestingly,these chromosomal
rearrangements inPE-2 amplifiedgenes involved
instress tolerance,which likelycontributed to
the adaptation of this strain to the indus trial
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environm ent.As PE-2is amenableto genetic
engineering, theauthors believe thattheir work
on PE-2 will open the door to developm ent of
new technologiesto boost bioethanol

production.

Ina second study conducted by Boris Stambuk
from Stanford University, USAand Gavin
SherlockBrazil, thetwo scientist s have also
analysed thegenome struc ture of industrial
bioethanolyeasts, searchingfor variationsin the
number of gene copiesin five strains em ployed
in Brazil, including PE-2. Stambuk and
colleaguesfound thatall fiveindustrial strains
studied harbouramplifications of genes involved
inthe synthesis of vitamins B6 and B1
compounds critical for efficientgrowth and
utilisation of sugar.

The groupexperimentally demonstratedthat the
gene amplifications conferrobust growth in
industrial conditions, indicatingthat these yeasts
are likelyadapted tolimited availability of vitamins
in theindustrial process to gaina competitive
advantage.Furthermore,theresearchers suggest
that this knowledge canbe utilised to engineer
newstrains of yeast capable of evenmore efficient
bioethanol production, from a wider range of
agricultural stocks.

ltis evident that an expanding human population
willrequire more energythat exerts less impact
on the environment, and the information gained
from these genomic studies of industrial
bioethanolyeasts willbe invaluable as biofuel
researchersoptimise productionand implement
thetechnology worldwide.

(Source: Science Daily online)
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‘Ultra-primitive’ Particles Found In
Comet Dust

Interplanetary dust particles with presolar grains:
Scanning electron images of two dust particles E1
(panel A) and G4 (B) and secondary ion mass
spectrometry isotopic ratio maps (C—D). Oxygen
isotope maps of particles E1(C) and G4 (D) show four
and seven isotopically anomalous regions, indicated by
circles, which have been identified as presolar grains.
The scale bars are 2 microns.

Accordingto LarryNittler and his colleagues,
Department of Terrestrial Magnetismat Carregie
Institution, dustsamples collected by high-flying
aircraft inthe upperatmosphere haveyielded an
unexpectedly richtrove of relics from the ancient
cosmos. Thestratospheric dustincludes minute
grains thathad formedinside stars thatlived and
died long before the birthof our sun, as well as
material from molecular cloudsin interstellar
space. This ultra-primitive materiallikely wafted
intothe atmosphereafter the Earth passed
through thetrail of an Earthcrossing comet

in 2003.

At high altitudes, mostdust in the atmosphere
comesfrom space,rather thanthe Earth’s
surface. Thousands of tons of interplanetary dust
particles IDPs) enter the atmosphereeach year.
The onlyknown cometarysamples arethose that
were returnedfrom comet81P/Wild 2by the
Stardustmission. TheStardust missionused a
NASA-launched spacecraftto collect samples of
comet dust, returning to Earthin 2006.

Comets are thoughtto be repositories of
primitive, unaltered matter left overfrom the
formation of the solarsystem. Materialheld for
eons incometaryice has largelyescaped the



heatingandchemical processing thathas affected
other bodies,such as the planets.However, the
Wild 2 dust returned by the Stardust mission
included morealtered materialthan expected,
indicating that not all cometary materialis highly
primitive.

TheIDPs usedin the current studywere collected
by NASAaircraft afterthe Earthpassed through
thedust trail of comet Grigg-Skjellerup. The
researchteam comprisingNittler, Henner
Busemann, AnnNguyen, George Cody,analysed a
sub-sample of thedust todetermine the
chemical, isotopic and micro-structural
composition of its grains. They arevery different
from typical IDPs. Theyare more primitive, with
higher abundances of materialwhose origin
predates theformation of the solarsystem. The
distinctiveness of particles plus the timingof their
collection afterthe Earth’'s passing through

the comet trail, pointto their source being the
Grigg-Skjellerup comet.

Thisis excitingbecause itallows usto compare
onamicroscopic scalein thelaboratory dust
particles from differentcomets.We canuse them
as tracersfor differentprocesses thatoccurred in
the solar system four-and-a-halfbillionyears ago.

The biggestsurprise forthe researcherswas the
abundanceofso-calledpre-solar grainsin the
dustsample. Pre-solargrains aretiny dust
particles that formedin previous generations of
stars andin supernova explosions before the
formationofthesolar system.Afterwards, they
weretrapped inour solarsystem asit was
forming and are found today in meteorites and in
IDPs.Pre-solar grains are identified by having
extremelyunusual isotopic compositions
compared toanything elsein the solar system.
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Butpre-solar grainsare generallyextremely rare,
with abundances of just a few parts per million in
even themost primitive meteorites, anda few
hundred parts per million in IDPs.In the IDPs
associated withcomet Grigg-Skjellerupthey are
up tothe per centlevel. This is tens of times
higher in abundance than other primitive
matenals.

Also surprising is the comparison with the
samples from Wild 2 collected bythe Stardust
mission. Theirsamples seem to be much more
primitive,much less processed, thanthe samples
from Wild 2. This mayindicate that there is a huge
diversity inthe degree of processingof materials
indifferent comets.

(Source: Science Daily online)

New Hydrogen Storage Method

This schematic shows the structure of the new material,
Xe[H,),. Freely rotating hydrogen mole cules (red
dumbbells] surround xenon atoms [yellow). (Credit:
Image courtesy of Nature Chemistry)

DrMaddury Somayazulu,a researchscientist of
Geophysical Laboratory at Carnegie Institution
and hisresearch team have found for the first
time thathigh pressure canbe used tomake a
unique hydrogenstorage material. The discovery
paves theway foran entirelynew wayto approach
the hydrogenstorage problem.

They foundthat the normally unreactive,noble gas
xenon combines with molecularhydrogen (H))
under pressureto form apreviously unknown
solid with unusual bonding chemistry. The
experiments arethe firsttime thathas combined
these elementsto forma stable compound. The
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discovery debuts a newfamily of materials, which
could boost new hydrogen technologies.

Xenon has some intriguing properties, including
itsuse asan anesthesia, its abilityto preserve
biological tissues,and its employmentin lighting.
Xenon is a noble gas,which means that it does
not typicallyreactwithother elements.

Accordingto MaddurySomayazulu, elements
change their configurationwhen placed under
pressure, sortof like passengers readjusting
themselvesas theelevator becomesfull. They
subjected a series of gas mixtures of xenonin
combination with hydrogen to high pressuresina
diamond anvil cell. At about 41,000times the
pressureat sealevel (1atm), theatoms became
arrangedin alattice structuredominated by
hydrogen,but interspersedwith layers of loosely
bonded xenon pairs. When we increased
pressure, liketuning a radio, the distances
between thexenon pairs changedthe distances
contractedto those observed indense metallic
xenon.

Theresearchers imagedthe compoundat varying
pressures usingX-ray diffraction,infrared and
Ramanspectroscopy. Whenthey lookedat the
xenon partof the structure, theyrealised that the
interaction of xenon with the surrounding
hydrogenwas responsible for the unusual stability
and the continuous change in xenon-xenon
distancesas pressurewas adjustedfrom 41,000
to 255,000 atmospheres.

They were taken off guard by both the structure
and stability of this material bychanges in
electron densityat differentpressures using
single-crystal diffraction.As electrondensity from
the xenonatoms spreads towards the
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surrounding hydrogenmolecules, itseems to
stabilise the compound and the xenon pairs.

It is very exciting to come up with new hydrogen
rich compounds, not just for our interest in
simple molecular systems, butbecause such
discoveries can bethe foundation for important
new technologies. This hydrogen-rich solid
representsa new pathway toforming novel
hydrogen storage compounds and the new
pressure induced chemistry opens the possibility
of synthesising newenergetic materials.

(Source: Science Daily online)

Bang on: Success for collider as first
atom is smashed

In Geneva, twocirculating beams produced the
first particle collisionsinthe world’'s biggest atom
smasher the Large Hadron Collider (LHC), three
days afterits restart.

According todirector general Rolf Heuer of
EuropeanOrganisationforNuclear Research
(CERN], twobeams circulatingsimultaneouslyled
to collisions at all fourdetection points.
According toscientists itis a greatachievement to
have come this farinsoshort a time. Inthe
control rooms of the colliderand of the four giant
particledetectors, builtand staffed by thousands
of physicists who have the job of interpreting

the data from the beginning of time, there were
all-round cheers.

Scientists arelooking tothe colliderinside a

27 kmtunnel on the FrancoSwiss border to
mimic the conditions thatfollowed the Big Bang
and help explain the origins of the universe. The
project intended to study proton-proton collisions



to create conditions following the big bang, is a
global Endeavour.CERN has receied support
from countries around the world, including India,
in getting the LHC up and running again.

The LHCis back

On 20November, 2009, particle beamswere once
againcirculating inthe world's most powerful
particleaccelerator, CERN’sLarge Hadron
Collider (LHC). Aclockwise circulatingbeam was
established at 10pm on that day. This has been an
importantmilestone onthe roadtowards first
physics experiment at the LHC, expected in 2010.

ltmay berecalled thatthe initial efforts to
circulate thebeams atLHC inSeptember 2008
was abandoned within ninedays, as it suffered a
seriousmalfunction. Afailure inan electrical
connection ledto seriousdamage, and CERN has
to spend over ayear in repairing and
consolidating the machine to ensure thatsuch an
incident cannot happen again.

Decommissioningthe LHCbegan inthe summer
of 2010, andsince thensuccessive milestones
have regularlybeen passed.On October, 8, the
LHCreached its operating temperatureof 1.9
Kelvin, orabout -271 °C.Particles wereinjected

on 23 October, but not circulated. On 7 November,

abeam was steered throughthree octants of the
machineand circuatingbeams were
reestablished.The nextexpected important
milestore has beenlowenergycollisions. These
would give the experimental collaborations their
first collisiondata, enablingimportant calibration
work to be carried out. This is significant, that all
the datathey haverecorded comes from cosmic
rays. Rampingthe beamsto highenergy followed
in preparation for collisions at7 TeV (3.5 TeV per
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beam) and thefirst collisionbetween circulating
beamsatLHC wasaccomplished afterthree days
ofits restart.

For the first time on23 November 2009, the LHC
circuated twobeams simultaneously,allowing the
operators to testthe synchronisation of the
beams andgiving the experiments their first
chance to look for proton-proton collisions. With
just onebunch of particles circulatingin each
direction, the beams can be made tocross in up
to two placesin the ring. From early in the
afternoon,the beams weremadetocross at
points 1and 5, home to the ATLAS and CMS
detectors, both of which were on the look out for
collisions. Later,beams crossedat points 2and 8,
ALICE and LHCb.

Beams werefirst tunedto producecollisions in
the ATLAS detector, which recordedits first
candidate forcollisions at 14:22 onthat day. Later,
the beamswere optimisedfor CMS.In the
evening, ALICE had the first optimisation,
followed by LHCb.

Thesedevelopments comejustthree days after
the LHCrestart, demonstratingthe excellent
performance of thebeam control system.Since
the start-up, the operators have been circulating
beams aroundthe ringalternately inone direction
and then the other at the injection energy of 450
GeV.The beam lifetime has gradually been
increased to 10 hours, and on November 23,
2009,the beams were circulating simultaneously
in both directions, still at the injection energy.

This undoubtedly marks the beginning of a
fantastic era of physics and hopefullydiscoveries
after 20years’work by the international community
to builda machine and detectors of unprecedented
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complexityand performance. The events sofar
mark thestart of the second half ofthis incredible
voyage of discovery ofthe secrets of nature.

Next on the schedule is an intense
commissioning phase aimed at increasing the
beam intensity and accelerating the beams. All
being well, the LHC should reach 1.2 TeV per
beam by the end of 2009 and would have
provided good quantities of collision data for
the experiments’ calibrations.

(Source: CERN Press release)

Harnessing Waste Heat from Laptop
Computers, Cell Phones May Double
Battery Time

In everything from computer processor chips to car
engines to electric powerplants, the need to get rid of
excess heat creates a major source of inefficiency. But
new research points the way to a technology that might
make it possible to harvest much of that wasted heat
and turn it into usable electricity. (Crediit: IStockphoto/
Evgeny Kuklev)

The productionand usage of electricenergy is
always associated withsome loss of energyin the
form of heat. In everythingfrom computer
processor chipsto carengines toelectric power
plants,the needto getrid of excess heatcreates a
majorsource of inefficiency. Butnew research
might leadto atechnology that maymake it
possibleto harvestmuch ofthat wasted heat and
turnit into usable electricity. That kind of waste
energyharvesting might,for example, lead to
cellphoneswith doublethe talktime, laptop
computers thatcan operate twice aslong before
needing to be plugged in, or power plants that put
out moreelectricity fora given amountof fuel.
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According to Peter Hagelstein,an associate
professorof electricalengineering atMIT, USA,
existing solid-statedevices are not veryefficient as
far as conversion of heat intoelectricity is
concerned. Themajor objective ofthe present
researchcarried outby Hagelstein,with his
research student Dennis Wu, has been tofind as
to howcloserealistictechnology couldcome to
the theoretical limits for the efficiencyof such
conversion. Theorysays that suchconversion of
energycan neverexceed aspecificvalue called the
Carnot Limit,based ona 19th-centuryformula for
determining the maximum efficiencythat any
device can achieve inconverting heat into work.
Butcurrent commercialthermoelectric devices
only achieve about one-tenthof that limit. In
earlier experimentsinvolving adfferent new
technology,thermal diodes,Hagelstein worked
withYan Kucherovat Naval ResearchlLaboratory,
andcoworkers todemonstrate the efficiency as
high as 40 per cent of the Carnot Limit. Moreover,
the calculations show thatthis new kind of system
could ultimatelyreach asmuch as 90 percent of
that ceiling.

Hagelstein andcoworkers started from scratch
rather thantrying to improve the performance of
existingdevices. Theycarried outtheir analysis
usinga verysimple system in which power was
generated bya single quantum dot device, a type
of semiconductorin which theelectrons and
holes, carrythe electrical chargesinthe device,
are verytightly confinedin allthree dimensions.
Bycontrolling allaspects of the device, they hoped
to better understand how to design the ideal
thermal-to-electric corverter.

Accordingto Hagelstein,with presentsystems it
is possibleto efficiently convertheat into



electricity, but withvery little power. ltis also
possible toget plentyof electrical power. You
either get high efficiency or high throughput, but
the team found thatusing their new system, it
would be possible to get both at once. A key to the
improved throughput was reducing the
separationbetween thehot surfaceand the
conversion device.A recentresearchpaperby MIT
professor Gang Chenreported onan analysis
showingthat heattransfer couldtake place
betweenverycloselyspaced surfaces at aratethat
is orders of magnitude higher than predicted by
theory.

The work on the development of this new
technologyis alreadyin process.This technology
could producea ten-foldimprovement in
throughput power over existing photovoltaic
devices.

The firstapplications are likely to be in high-value
systems suchas computerchips, he says, but
ultimately itcould be useful ina widevariety of
applications, includingcars, planes andboats. A
lot of heat isgenerated intransport vehiclesand a
lot of it is lost.If it could be recovered, the
transportation technology is going to get more
energy efficient.

(Source: Science Daily online)
Crystalline sponge capture CO,

To sequestercarbon dioxide as part ofany climate
change mitigationstrategy, the gas firsthas to be
captured fromthe flue ata power plantor other
source. The nextstep is just asimportant: the CO,
hasto bereleased fromwhatever capturedit so
that it can be pumped underground or otherwise
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stored for thelong term. That secondstep can be
costlyfroman energystandpoint. Materials
currently usedto capture CO, haveto be heated to
releasethegas. Butchemists atUniversity of
California,Los Angeles, have claimed thata new
class of materialsdeveloped bythem, called
metal-organic frameworks (MOFs),hold promise
for carbon capture. Inthe study, Omar Yaghi
describes the performance of one MOF,which can
free moss of the CO, itcaptures atroom
temperature.Yagh describeda metal-organic
frameworkas a “crystalline sponge”,a hybrid
lattice of organic compounds andmetal atoms
thathas ahuge internal surface areawhere gas
molecules canbe absorbed.

The MOF used in the study contains magnesium
atoms, whichmake just the rightenvironment for
binding carbon dioxide. In experiments, the
material separatedout CO,while allowing
methane topass.What wasreallysurprising,
though, was that atroom temperature 87 per cent
of the CO,could bereleased.

(Source: Times of India)

Indians Succeed in Complete Mapping
of the Human Genome: Genome Pairi/
of an Indian Male

It tookthe US Human Genome Project more than
a decadeand $500million tosequence genes
drawn from several volunteers.A team of Indian
scientists atthe Institute of Genomics and
Integrative Biology (IGIB), New Delhi,of the
Council for ScientificandIndustrial Research
(CSIR) has reported mappingof the entire genome
of a52-year-old Indianmale from Jharkhand in
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just 10 months, at a cost of $30,000 or Rs 13.5
lakh. With this achievement, India joins the ranks
of the few countries —the US, UK, Canada, China
and South Korea, whichhave successfully
sequenced thehumangenome. Earlier, CSIR
scientists hadmapped the genetic diversity of the
Indian population andalso completed the
sequencing of genome of the zebra fish,
commonlyusedin laboratories as amodel for
researchinghuman diseases.

Thereare greater chances ofarriving ata better
understanding of the genetic make-up and
peculiarities of local populations with countries
creatingtheir ownDNA sequences;as such
knowledge is crucial incomprehending country
specific health trendsand genetic traits that
wouldotherwise remainlargely amystery. This
will enrichknowledge of the different genetic
variations that occur in different population
groups aswell asenable theidentification of
genesthat predispose some tocertain diseases.
The male,whose genomewas decodedby CSIR
scientists,is predisposedto heartdisease and
cancer,and thisinformation has been gleaned
from the sequencing of his DNA.The research
finding interalias suggests thatIndians are more
susceptible tonot just for heartdiseases, but
certain kinds of cancerand mentaldisorders as
well. Thetechnology, therefore,would be
invaluable indiagnostics and could be useful in
medical treatmentaswell.Drugs designed to
targetthe affected genes couldbeformulated,
though at present to do so would involve high
costs and such an option would be out of reach of
the average patient However, as withall sci-tech
breakthroughs, costs are boundto come down -
as it hasin the case ofthe genome mapping
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technology andvarious computer models -and it
isonly amatter ofime beforethey become
affordable.

According to Sridhar Sivasubbu, who Led the
projectalongwith Vinod S caria, they have
accomplished mapping ofentire genomeina
fewmonths whereasthe firsthuman genome
project which associated scientists from the US,
UK, France,Germany, Japan and China took
nearly 13years, from 199 0to 2003. Of course, the
first time is always tough, as every attempt
involvestrial anderror, opined Sivasubbu while
elaborating on theirwork. However, it wasn't
easy for the two scientists who worked up to

18 hours a day inthe lab. We would never have
been there,never done it withouthaving a totally
new set of analytical andcomputational skills,
which hasbeen one of thebiggest chal lenges
beforeus, assertsSivasubbu. Oncethis was
attained, there was no looking back. According
toScaria sincethe genometechnology was
readilyavailable tothem, ittook muchless time.
Inspite of this,Sivasubbu and Scaria toiled for
long hours on their mission to map the 310
crore (3.1billion) basepairs that constituted the
Jharkhand man’s DNA utilisingthe facilities of a
supercomputer, capableof analysing dataat the
speed of four trillion operations persecond, that
their institute had acquired in 2006. Although the
supercomputer speeded up analysis by more
than 500 times com pared to ordinary
computers,scientists hadto performthe manual
work of immobilisingthe sample on glassslide,
adding one nucleotideat a time and
photographing it using a high-resolution digital
camera. Eachnucleotide was identified by
peculiar colourit emits.



Law andethical resolutions tend tolag behind
implementationof scientificand technological
advances, andthe relativelynew field of DNA
sequencing is no exception. What if an individual's
genome patr/lhoroscope) wereaccessible to
employers andinsurance companies who might
usethe informationagainst theemployee or
clients?Should anindvidual chooseto reveal
details of his genetic horoscope’ tohis family and
friends or keep it private? Would the knowledge
impact theindividual's own perspective of life and
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how he livesit? Thereare plentyof issues that may
cropup fordebate, especiallysince predisposition
toa diseasedoes notmean itwould actually
manifest inthe person.

(Source: Times of India)
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WEB WATCH

In this Section, we present websites anda brief
introduction about them. Inclusion of a site does
notimply that School Scienceendorses the
content ofthe site.Sites have been suggested

on the basis of their possible utility to

school systems.

Nanotechnology
httpy//www.crnano.org

This website of Centre for Responsible Nanotechnology talks about the meaning of
nanotechnology, four generations of nanotechnology development, nanotechnology as
general purpose technology and as dual-use tec hnology. It provides links to re lated
topics, for example, Nanotechnology Basics for students and other learners, Nano-
simulations, and the future of nanote chnology.

Nobel Prize s for 2009
http://www.no belprize.org

This website provides details, life and work of scientists awarded, Nobel Prize in
Physics, Chemistry, Phyisiology or Medicine for the year 2009. It also has details about
Alfred Nobel, Nobel organisation and life and works of all Nobel Laureates.

Holography
http://www.holophile.com

This website is good resource for holography. It gives details of the history of
holography, biography of its inventor Dennis Gabor's biography, and the science of
holography.
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¢ SimpleHolography - The Easiestway tomake Holographs
http://www.ho lokits.com/- a-simple holography.htm

This is a write-up by T. H. Jeong, Raymond Ro, Riley Aumiller and M. Iwasaki with
contribution from Jeff Blythe. It explains, insimple steps, how to make reflection and
transmission holograms. It also has a link to another useful write up by the authors
on, "Teaching Holography in classrooms.”

e Misconceptions in Scie nce
http://www.indiana.edu

What are misconceptions? How do c hildren form misconcepts? How can teachers best
address students’ science misconcepion? All this and more are provided in this website.
Italso has many links that provides a list of references of research studies on

misc onceptions.

Compiled and edited by

V.P. Srivastava
DESM, NCERT, New Delhi

95



1. Question: Conversion of milkinto curdis due

Answer:

to thereaction of micro organisms,
but on adding chilly orlemon drops
tokilk,itisnot counvertedin to
curd?Whiisitso?

P.5Pooja
JawaharNavodaya Vidyalaya
Galibreduy, MadikeriKodagu
Karnatka

The milk is converted into curd by the
action of bacteria called
Lactobacillus. Lactobacillusisakind
of bacteria whichcan converta sugar
into an alcohol and theninto an acid
bymeans of anaerobic respiration.
Whenmilk is heated toa temperature
of 30-40degrees celsius anda small
amount of curd is added to it, the
lactobacillus present inthe curd
sampleget activatedand multiply.
These convertthe lactose, akind of
sugar, presentin the milkinto lactic
acid, whichimparts the sourtaste to
curd.Thus, thesebacteriaincrease
the acidity of milkand atthe same
time causethe milk proteins (casein)
totangle intosolid masses,or curds.
On the other hand, when we put the
lemon drops or chilli, the milkis not
converted into curd but the fats
present inthe milk get coagulated

2.Question:

and itswater contentgets separated.
The citricacid presentinlemon juice
converts unsaturatedfats of milk into

saturated fats, whichbegin to form
lumps. This process is known as
coagulation. Othersolid (colloids)
particles, suchas thoseof proteins
present inthe milk, alsoget trapped
in the process of formation of lumps
of fats andthe resultant product is
commonlyknown as cottage cheese
or paneer.

In places with hot climateitis
advised thatouter walls of houses
be paintedwhite. Explain.

M.Rama Rao

S/0 ShriDurgaraju

D. No. 3-115 [near the Post office]

Puwala Street

Kothapalli 533 285

Gokauaram (M), East Godawari, Andhra Pradesh



Answer:

3. Question:

Answer:

4 Question:

White orlight colouredsurfaces are
good reflectors oflight and heat.
Since sunlightcarries both light and
heat, the outer walls ofa building
exposed to sunlight becom e hot by
absorbing its heat and in turn rooms
inside the buildingalso get heated.
However, if the outer wal ls of the
building are painted white or with a
light shade,a greaterpart ofthe heat
gets reflectedback. Thishelps in
keeping inside of the building
comparativelycool, particularly
duringsummers.

Who publishes red data book?

Aishwarya Joshi
B 285, Sector 20, NOIDA
Gautam BudhNagar (U.P.]

Red Data Book provides the list of

endangeredanimal andplantspecies.

Atinternational levelit is prepared by
the International Union of
Conservationof Nature or Natural
Resources (IUCN].For Indiathe Red
Data Bookfor endangeredanimals is
published bythe Zoological Survey of
India, Kolkatawhile that forplants is

published by Botanical Survey of India,

Kolkata.

Why the region above hills, the sky
and the waterin oceans and deep
rivers/lakes looks blue from a
distance?

WangtumLowung
Class VI
C/o Principal
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Answer:

YOUVE ASKED

Ramakrishna Mission School
Narottam Nagar
Arunachal Pradesh

You maybe aware thatsunlight or
the white light is a mixture of light
of seven differentcolours; namely
red,orange, yellow,green, blue,
indigo and violet. When a ray of
lightenters from one transparent
medium like airinto another such
medium likeglass orwater it
bends from its straight line path
in the first medium and begins to
move in a different direction,
although alonga straight line
path, in the other medium. This
phenomenon is called refraction.
However, inthe case of white light
or sunlight the extent to which
different colours ina ray light
bend isdifferent. As aresult, a
thin beam of white light on
entering a drop of water or a
glassprism splitsinto its
componentcolours andgives rise
to a spectrum on emerging out
on the other side of it. This
phenomenon is known as
dispersion of light.

However, ifthe size of the water
drop isvery small,say the size of
a dust particle, the light exhibits
another phenomenoncalled
scattering. Thelight falling on
suchsmallparticlesis first
absorbed bythem and then
emitted. The process of
absorption and emission of light
takes placein lessthana
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microsecond. However,the direction
inwhich thelight gets reemitted is
different from its initial direction of
propagation, theangle between the
initial direction of propagation and
thatof scatteredlight iscalled angle
of scattering. The brightness we
observearound usafter sunrise even
if aplace isnot directlyilluminated by
sunlight, is due to scattering of light
by thedust particles presentinair.
The light of different colours present
in sunlight too gets scattered in
different directions,angle of
scattering is differentfor light of
different colours.But, we usually do
notperceive it,as oureyes receive
lightfrom all possible angles due to
scattering byalarge number of
particles andthe combinedeffect of
these give us the impressionof white
light. The blue colour of the sky is one
of themost familiarexamples to
perceivethe effectof differencein the
angle of scatteringfor light of
different colours.As the sunlight
enters upper regions of atmosphere,
the finedust particles present there
scatter lightof differentcolours in
different directions. The red light is
scattered thelargest angle while the
violetand blueare scatteredleast. As
aresult, red,orange, yellowand green
components of sunlightget scattered
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away while blue,indigo and violet
comporents getscattered towards
the surfaceof theearth. As our eyes
are moreefficient to perceive blue
colour as compared to indigo and
violet, we see thesky as blue. The
regionabove hillsappears bluefora
similarreason thoughthe scattering
in this case is by the fine droplets of
waterthat evaporates from the soil or
transpires from thetrees thatcover it.

When sunlightfalls on the surface of
waterin oceans or deep lakes/rivers, a
fractionof lightgets reflected,a part
getsrefracted whilerest of it gets
absorbed. Waterabsorbs more of the
red light present in sunlight; the water
also enhancesthe scatteringof blue
light. The part of the sunlight that
penetratesthe wateris scatteredby its
particlesand alsoby ripplesin the
water. Indeep water, muchof the
sunlight is scattered by the oxygen
dissolved in thewater, and this
scatters moreof the blue light. That is
why thewater in oceansand deep
lakes or rivers appears blueto us.
This phenomenon inspired
Chandrasekhar VenkataRaman to
investigate scatteringof light which
led to thediscovery of the
phenomenon now known as Raman
Effect. Ramanwas awardedthe Nobel
Prize in 1930 for his work on light.
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