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First IAPT National Student Symposium on
Physics

A new dimension has been added to the multidimensional IAPT. The
first IAPT National Student Symposium has been held during February 25-
27, 2013, at Chandigarh in collaboration with the Department of Physics,
Panjab University, Chandigarh. It was a resounding success with 150 stu-
dents applying from all over India, of which 80 (30 girls) were selected for
the event. A detailed report appears in this issue of the Bulletin.

Twenty-first century has been called the Knowledge Century where inno-
vation is being considered to be of supreme importance driving the activities
in all spheres of human activity. Education systems in all countries are being
remodelled towards this objective. Unfortunately rote learning and excel-
lence in examination still continues to the mainstay of our education system.
However in recent years, our country has taken a series of measures to induce
the spirit of innovation and creativity into our education system. Projects
and dissertations have become an integral part of UG and PG curricula.
New kinds of teaching institutions like Indian (or National) Institute of Sci-
ence Education and Research and new programmes like National Initiative
in Under-Graduate Science have been launched. Research has been adopted
as a criterion in the evaluation of UG and PG institutions by the National
Assessment and Accreditation Council of UGC.

To spread the awareness of the above new ethos of education, and take
another concrete step forward in this direction, IAPT had resolved to insti-
tute an annual symposium on physics exclusively for the UG and PG students
termed National Student Symposium on Physics (NSSP) which would serve
as a forum for presentation of their innovative ideas in a formal manner and
bring new enthusiasm and spirit of creativity and cooperation among the
student mass in the country.

Now that a beginning has been made, and successfully so, it is hoped
that NSSP will help in a modest way in the creation of a new kind of mindset

by instilling faith and confidence in the students on their creative ability. It
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is worthwhile to be reminded that C. V. Raman published two papers in
Philosophical Magazine while studying B.Sc. in Presidency College Madras.
His nephew Nobel laureate astrophysicist S. Chandrasekhar repeated this
feat later. It is imperative that the faculty of creativity should be cultivated
consciously by the students at an early age from the plus-two level. Hope this
symposium will help to inaugurate a new culture in the method of studying

physics in the UG and PG classes in the country.

L. Satpathy
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1st IAPT National Student Symposium
on Physics

(25 27 February 2013)

Organised by
Indian Association of Physics Teachers
and

Department of Physics
Panjab University, Chandigarh

Twenty-first century is the knowledge century. The innamagi are supreme. To foster a culture
of innovation and creativity among the young students, IARE instituted the annual National
Student Symposium on Physics to provide a national forunotog students to present their new
ideas and innovative work at an early stage, which will leatheir growth as creative and original
researchers.

First IAPT National Student Symposium on Physics was helcbitaboration with the Depart-
ment of Physics, Panjab University, Chandigarh from Felyr@a to 27, 2013. The announcement
with all the necessary information was carried in Novemli&rissue of the Bulletin prominently
on its last cover page. In order to give wider publicity, alb800 posters were sent to prominent
colleges, university Physics departments and other inigtits all over the country encouraging the
UG and PG students to take part in it. They were invited togmetheir innovative ideas through
poster and oral presentations. An overwhelming responsetserved and nearly 150 applications
were received. In few cases there were as many as 8-10 apple&om the same institution and
many from the same region. Due to logistic, budgetary andrmidtrative reasons only 80 (30 girls
and 50 boys) participants were chosen out of them. The smbeittus made, gave representation
to students from all over India.13 students were selectedrfa contribution and 23 were asked
to make a poster presentation. The rest of them were allowéake part as the participants only.
The lodging was provided at NITTTR guest house/hostel inogeét6 Chandigarh. Registration fee
of Rs. 300/- was collected. All participants who gave omdter presentations were given 100%
travel support (Il class sleeper/bus fare) and all othefs #@vel support. Local hospitality to all
participants and resource persons was provided by the.hosts

The format of the symposium consisted of invited talks byestgpand oral and poster presen-
tations by the students. In addition, there were severaiabkectures by eminent teachers and
scientists on topics of current interest.

The symposium was inaugurated by Prof. S.D. Mahanti, SeéPiofessor, Univ of Michigan,
USA, and a very senior member of IAPT, who delivered a tallitledt Energy and Nanoscience
on this occasion. Earlier, Prof. Manjit Kaur, Coordinatd88P, welcomed the participants and the



guests; Prof. C.S. Aulakh, Chairman, Department of Physigsfed the audience about the De-
partment and its activites; Prof. U.S. Kushwaha, Chief&dIAPT Bulletin, gave an introduction

to IAPT and its activites; Prof. L. Satpathy, formerly of fiigte of Physics, Bhubaneswar, a very
senior IAPT member and Convener NSSP, spoke about the mkjeétthe sympsium; Prof. Satya
Prakash, immediate past President of IAPT and Chairman N&&® a motivational talk to the

participants. The inaugural was attended by IAPT members the city and the region in large
numbers. It was graced by the presence of two earlier pratsidé IAPT, Prof. H.S. Hans and Prof.
H.S. Virk, and by the two ex-Chief Editors of the BulletinoPrS.P. Puri and Prof. M.P. Khanna.

The first session of the day-1 was chaired by Prof. Satya Bindkavhich six oral presentations by
the participants were given. Prof. A. K. Grover, Vice Chdlmeeof Panjab University, Chandigarh,
the Patron of the NSSP-2013 gave a talk entitled “Rare ebebesd spin ferromagnets with net-zero
magnetization for niche applications.” After his talk hésiracted with the participants and resource
persons during lunch. This was followed by a group photdgll the participants with the Vice-
Chancellor, resource persons and organizers. In the posti session Prof. Sudipta Mukherji, IOP
Bhubaneswar (IOPB), gave a complete black-board talkdtithase Transitions with Black Holes
which was followed by 3 oral presentations by the participamhis session was chaired by Prof. L.
Satpathy. A poster session was conducted from 3.30 -5.00ip.which 12 posters were displayed
by the participants. A talk by Dr. S. Sahijpal of Dept. of PiegsP.U. on the Origin and evolution of
our universe followed by the sky-watch, till late in the nigising Astronomical Telescope Facility
available in the department. The talk was as well the skychvatas liked by one and all.

On Day-2, first session was chaired by Prof. Sudipta Mukhémjithis session Prof. L. Satpa-
thy (IOPB) delivered a talk on How to Learn / Teach Newtons &aW Motion and Prof. A. M.
Srivastava (IOPB) on Investigating the Universe in a Sinffable-top Liquid Crystal Experiment
and second poster session was conducted. In the sessioluaftle, an educational visit to Termi-
nal Ballistic Research Laboratory (TBRL), Ramgarh RangBRDO, Chandigarh was organized;
where the participants were shown the equipments useddaldfence purposes and had interac-
tions with the scientists. In the evening, a cultural progshowcasing the rich cultural heritage of
the region was presented by the students of the Departmé@ttysics, Panjab University. Some of
these students were also the participants of the symposium.

The Day-3, the last day of symposium began with a talk by Rviaijit Kaur on Standard Model,
followed by the remaining oral presentations of the pgrtiats. This session was chaired by Prof.
Satya Prakash. The second session of the day was chairedfby/Ranjit Kaur in which Prof. J. S.
Bagla (IISER, Mohali) spoke on Clusters of Galaxies Dr. Margingh (IISER, Mohali) delivered
the talk Exploring quantum physics with Bose Einstein corsd¢es and Photons. A valedictory
ceremony was organized where the participants were giveodttificates, copy of Student Journal
of Physics (formerly PRAYAS) and the book Wings of Fire- ancdingraphy of Dr. A.P.J. Abdul
Kalam, ex-President of India. The books were donated by anyanous donor. A feedback from
the participants was also taken so as to improve upon thécsimings for the next time. With the
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hope that energy and brilliant ideas of vibrant studentsfitl a right direction, the Symposium
came to an end.

The symposium was well attended and appreciated by allcgzatits. This was made possi-
ble with the financial support of IAPT, Dept. of Physics, PRET-U.T, Chandigarh, PSCST,
Chandigarh, OST electronics limited & Pyramid Electroniarwanoo and a generous dona-
tion by Prof. S.D. Mahanti. This financial support helped trganizers to take care of
T.A./ lodging and local hospitality of the participants aresource persons. This report was
compiled with the help of faculty and students. A soft copytlé booklet with abstracts
of the student presentations and some photographs areladeait the symposium website:
http://www.physics.puchd.ac.in/events/nssp2013

Invited Speakers and their Talks

1. S.D. Mahanti
ENERGY & NANOSCIENCE
There are many challenges facing the humanity in the 21sBemmong them are Energy,
Global warming, Climate change, and Poverty. In fact engigys an important role in the
other three. The world power use in 2008 was 15 TW and is egfédotat least double to 30
TW by 2050. Compounding the challenge presented by thiggtion is the growing need to
protect our environment. There is therefore a great cuiméertest in developing clean energy
sources with high efciency. Thus we have not only to look a¢veable sources of energy but
also to increase the efficiency of their energy productionthls talk | will discuss how the
current ideas and developments in hano-science and nehoelegy are playing important
roles in producing novel materials in attacking these diffiproblems and challenges.

2. Sudipta Mukheriji
PHASE TRANSITION WITH BLACK HOLES
First order phase transition involving black holes can balitatively understood in terms of
a simple toy model. Following the work of a first year M.Sc. dgtnt of Utkal University, |
will review this model in my talk.

3. Prof. Arun K. Grover
RARE EARTHS BASED SPIN FERROMAGNETS WITH NET-ZERO MAGNETISA-
TION FOR NICHE APPLICATIONS

4. Prof. L Satpathy
HOW TO LEARN/TEACH NEWTONS LAWS OF MOTION

5. Sandeep Sahijpal
THE ORIGIN AND EVOLUTION OF OUR UNIVERSE
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6. Ajit Mohan Srivastav

INVESTIGATING THE UNIVERSE IN SIMPLE TABLE TOP LIQUID CRYSTA L
EXPERIMENTS

| Oral Presentations

1. THE DYNAMICS OF FALLING PAPER

242

Nandita Chaturvedi

St. Stephens College, University Enclave, Delhi

Abstract: We discuss how a mathematical model based onshmgse forces; gravity, lift and
drag, captures the complex behavior of falling paper. Whibekvof this kind has been done
before, we make the model more realistic by introducing a dexg model. We also subject
the model to experimental verification. Estimates for thieies of frictional coefficients for
the paper-air system are determined through an indire@raxpnt using scaling and geom-
etry arguments. We find that for the frictional coefficien&dedmined, the model provides a
sound guantitative description of the path of a falling pagéally, we make predictions for
the behaviour of the paper in different fluids by varying deagfficients.

. QUANTUM KEY DISTRIBUTION

Tabish Shilbi

S.G.T.B Khalsa College, Delhi University, Delhi

Abstract: We study a Quantum Key Distribution for a 3-paetisystem and then generalize
it to a n-particle system. In this protocol, we take a 2-disienal system of particles in an
entangled state so that we can share a common key for firstlffe3esht parties and then

between n different parties. Then we also study some of theseaopping techniques used
by Eve and the advantages of our systemover some of thosgdees.

. ALASER BASED LOW COST TECHNIQUE TO MEASURE CELL SIZE

Nisha Narasinha Kelkar

R.E.Societys R.P. Gogate College of Arts & Science and R.\bdalekar College of Com-
merce, Ratnagiri, Mumbai

Abstract: It has been observed that periodic structureaftulells effectively acts as a diffrac-
tion grating. The grating element of such system is obtagptitally by shining the plant cells
particularly in Onion peel by LASER. The measurement ofrdifion pattern results into ac-
curate determination of the columnar width of the periodanpcell structure. This paper
attempts to report an interdisciplinary approach to gabgesize variation in plant cell using
diffraction. Keywords: Diffraction, plant cell, Laser.



4. CONSTRUCTION OF OPTICAL BENCH TO CALCULATE AND VERIFY OPTI-
CAL PARAMETERS
S. Anil Purohit
G.J. College, Ratnagiri, Maharashtra
Abstract: The project concerns about making a single dekewill fulfill the need of doing
all experiments from Optics. Using bench conventionalagbtbench we cannot perform all
the experiments of optics, as the surface is not used theexperimentation. So | made the
bench capable of using the surface so the surface relatediexmts can be performed more
easily than conventional optical bench. This optical beisctost efficient (1/10th) cost of
conventional optical bench. Also the use of LASER makes @réget and precise instrument.
The probability and handiness are the key factors of thigydesf optical bench.

5. NONLINEAR DYNAMICS IN ARGON GLOW DISCHARGE PLASMA
Chiranjit Mitra ' and Bapun Kumar Giri !, P.K. Panigrahi', A.N. Sekar lyengar® ' De-
partment of Physical Sciences, IISER, Kolkata
3 Plasma Physics Division, SINP Kolkata
Abstract: Plasma is a typical nonlinear system with a langelmer of degrees of freedom.
The present work investigates the nonlinear dynamics ioragjow discharge plasma from
the perspective of Fourier and Wavelet based methods. Tiergezed Hurst exponent was
obtained from Wavelet Based Multi Fractal Detrended Flatitin Analysis (WBMFDFA),
Multi Fractal Detrended Fluctuation Analysis (MFDFA), Gimuous Wavelet Transform
(CWT), power spectrum and Fourier analysis. We have showiogierbehavior in non-
stationary time series of the discharge of potential fluidna of plasma discharge. By
analyzing several signals generated by the argon dc digehalasma we show that the
WBMFDFA can reliably determine the multi-fractal scalinghlagior of time series.

6. ATOMIC STREET LIGHT CONTROL SYSTEM
Chimnay Manoj Kolhatkar
R. B. Kulkarni, Junior College of Science, Ratnagiri, Maharashtra
Abstract: Present manually operated street lights areropiply switched off after the sunrise
and also not switched on after the sunset. In sunny and raipy, dN time and OFF time
differ significantly which is one of the major disadvantadgeising timer circuits. Automatic
street light control system is a simple, very useful and péweoncept, which uses transistor
as a switch to ON and OFF the street light automatically. Bpgithis system manual work
is removed. It automatically switches light ON when the &l goes below the visible
intensity and automatically switches light OFF when thelighih goes above the visibility
intensity. This is done by a Light Dependent Resistor (LDRjaolu senses the intensity of
light. Automatic streetlights need no manual operationvfching ON and OFF. The system
itself detects whether there is need for the light or not. Wihenkness rises to a certain value
then automatically streetlight is switched ON and whendti&pther source of light, the street
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10.
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light gets OFF. The extent of darkness at which the streltditp ne switched on/off can also
be changed using the potentiometer provided in the circuit.

. UNDERSTANDING THE TRAJECTORY OF AN ELECTRON UNDER THE INFLU -

ENCE OF MAGNETIC FIELD USING BOHMIAN MACHINERY

Sanmoy Mondal

IISER, Kolkata

Abstract: Wave function of a freely propagating electron ba denoted as a Gaussian wave
packet which naturally spreads with time in all three diniens. Exploiting the machinery of
the Bohmian model of quantum mechanics, one can show thatadter a small time away
from its initial state the system of electron under a magrféedid is a diverging system. Also

I would like to discuss a possible protocol to test bohmiajettory experimentally.

. VALENCE BAND STUDY OF POLY CRYSTALLINE SILVER SAMPLE USING UL -

TRAVIOLET PHOTOELECTRON SPECTROSCOPY

S. Huit, Dr.B. R Sekhar? 'School of Physics, Sambalpur University, Odisha

2Institute of Physics, Bhubaneswar, Odisha

Abstract: The following paper outlines the techniques aglirements of Ultraviolet Pho-
toelectron Spectroscopy (UPS). The different vacuum dmmdand instrumentation are also
studied extensively. UPS is utilized to study the valenagdhaf polycrystalline Silver (Ag)
sample and Fermi edge is obtained experimentally. The expatally obtained data matches
with theory to a good extent.

. INFLUENCE OF STATIC MAGNETIC FIELD ON THE GROWTH OF PLANTS

Kartika N. Nimje

Somalwar Junior College, Nikalas, Nagpur, Maharashtra

Abstract: Over many years, numerous experiments on theteftéd magnetic field on plant
growth have been performed with seedlings of different {pkpecies placed in static and
alternating magnetic fields. In both cases the magneticsexpodisclosed the stimulatory
influence on the growth (parameters such as germination getevth rate and yield of the
plant) of plants. Similar results were found in higher areistudy such as significant en-
hancement of the fresh tissue mass, assimilatory pigmevesas well the chlorophyll ratio,
average nucleic acids level, increase of the average pargth (exception: the dry substance
mass accumulation). Also it was found that the differencgrawth rate between treated and
control plants decreased after the field was removed. Thevaof the magnetic field also
weakened the plant stem, suggesting the role of magnetisopiolying plants with energy.

IS UNIVERSE REALLY BARYON ASYMMETRIC?
Nishant Gupta
Dayalbagh Educational Institute, Agra



11.

12.

Abstract: Over the years theoretical physicists have taexkplain the origin of baryon asym-
metry but the topic of baryon asymmetry still remains myistes to all of us. | have attempted
to explain that what we call baryon asymmetry may as well benthtter dominant region of
our observable universe, with antimatter dominant regésiding beyond our future visibility
limit having no interaction with the former.

ROGUE WAVES

Monu Sharma and Varun Sharma

Department of Physics, Panjab University, Chandigarh

Abstract: Rogue waves are the large-amplitude waves apgesuddenly on the sea surface
without any prior warning(Waves that appear from nowhere disappear without a trace).
The marine folklore contains many colourful names like fregant, monster, killer, holes in
the sea, walls of water, three sisters for such phenomenbaselwaves appear, sometimes
alone as a giant crest (Walls of Water), or preceded/sueckiegl deep troughs (Holes in The
Sea), or as several successive high waves (Three Sisters).

What confirms the significance of the sea wave dynamics is thatigh large waves are
usually expected to appear during rough sea state, roguesveae observed at calm sea con-
ditions as well. This phenomenon has found potential apftios in various other branches
of physics (e.g. nonlinear optics, plasma and super-cdivityc geophysics),that is why
the words Freak Waves and Rogue Waves that came from maliharéoare now intensively
used in these disciplines as well. A great progress is aetliemhe understanding the physical
mechanisms of the rogue wave phenomenon during the lagtrfiftears and this presentation
contains the review of these physical mechanisms of rogwesva

CORRELATION AND PERIODICITY IN A BOUNCING BALL MOTION
THROUGH WAVELETS

Abhinna Kumar Behera', A. N. Sekar lyengar, Prasanta K. Panigrahi*

!'Department of Physical Science, IISER-Kolkata,2Plasma Physics Divison, SINP-
Kolkata

Abstract: The dynamics of bouncing ball is analyzed throwghkielet transform. Multiscalte
analysis on the time series of bouncing ball reveals clepragure of nonlinearity. The scale
dependent variable window size aptly size with the trarisa@d non-stationary periodic be-
havior quite well. Importantly, the multifractal parametthe generalized Hurst exponent
obtained by Wavelet Based Multifractal Detrended Fluétuafnalysis (WBMFDFA), Mul-
tifractal Detrended Fluctuation Analysis (MFDFA), contous wavelet transform (CWT) and
power spectrum fourier analysis of the chaotic motion oftibancing ball, shows interest-
ing results in the field of non-smooth dynamics. The optidimaé-frequency localization of
the continuum morelet wavelet is found to delimit the scapahdent Periodic Modulation
efficiently; where as the discrete Daubechies (DB) basidagteen applied effectively for
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detrending the temporal behavior to reveal the multifidmthavior underlying the dynamics.
We relate our wavelet based MFDFA method to the standardipartunction-based multi-
fractal formalism as well as power spectrum fourier analg$ithe non-stationary time series,
and prove that each approach is equivalent for stationgnats.

| Poster Presentations

1. TEMPERATURE DEPENDENT ELECTRICAL CONDUTIVITY OF GUAVA JUIC E
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DURING OHMIC HEATING

Amanjot Kaushal, Kanupriya and P.S. Tarsikka

Department of Mathematics, Statics and Physics, Punjab Agdultural University, Lud-
hiana

Abstract: Ohmic heating is an advanced food processingitgah in which heat is generated
internally within the food by the passage of alternatingtleal current. Conventional heat-
ing process essentially consists of heat-transfer meshnof conduction, convection and
radiation. But this leads to loss of product quality and lavergy efficiency. To overcome
these problems an alternative technology was developedhwitilizes the inherent electri-
cal resistance of the food material known as ohmic heatifgni© heating has been derived
from Ohms law. The advantages of ohmic heating are the rapidiprm volumetric heat-
ing, high energy conversion efficiency. The important patenin ohmic heating of liquid
food product is its electrical conductivity behavior. Fbetstudy of ohmic heating an ohmic
heater is designed of known dimensions. Guava juice isetiudir ohmic heating treatment.
Guava juice is rich in vitamic C which helps to fight againsy arfection and improves the
immune system. Although several studies have been pertbonghe ohmic heating rates
of liquid food, data on concentration is limited. In this dyu Guava juice having 20-50%
soluble solid is ohmically heated by applying three différeoltage gradients (6.0, 10, 13.5
V/cm). Measurements were made in the temperature heaéiagsIto the determination of
electrical conductivities at various temperature rangenf20-800C. The instantaneous val-
ues of current and voltage are recorded during ohmic hedtiags to the determination of
electrical conductivities at various temperatures. Theeddence of electrical conductivities
on temperature, voltage gradient and concentration hadakn studied. It was observed that
the electrical conductivity of guava juice is significardiffected by temperature and concen-
tration. The changes in viscosity and total soluble solagehalso been observed with ohmic
heating. Temperature time and electrical conductivigesgerature graphs have been plotted.
The electrical conductivity shows a linear dependence tipetemperature.



2. FORMATION OF PLANETARY SYSTEMS: A STUDY REVIEWING FORMATION
AND EVOLUTION
Honey Arora, Ramandeep Kaur and Parveen Bala
Department of Mathematics, Statistics and Mathematics, Purgb Agricultural Univer-
sity, Ludhiana
Abstract: Many hypothesis and theories have been givenrso fexplain the formation of
planetary system. The first proposed being the nebular hgpist which was first proposed in
1734 by Emanuel Swedenborg, Immanuel Kant, and Pierre+glmaplace. Over the course
of the 20th century, this model came to be challenged by a euwittheorists who proposed
numerous models in an attempt to replace it, like gas dragryhgravitational instability
model and core accretion theory to name a few. However, nbtiese attempts were suc-
cessful and it was not until the 1970s with Soviet astronoviieor Safronov that the modern
(and widely accepted) Solar Nebular Disk Model (SNDM) cante being. Recent model to
this study has been given which is named as sequential extrabdel, suggested in 2012
(ref). These provide us insight into how we reached whereneaaay and help to answer
certain questions about formation of our own solar systemvia a scientific explanation.
The theory which describes the formation of the solar systgparticular is the condensation
theory. In this poster review of developments in our un@deding of the formation and evo-
lution of planets is presented along with the ongoing worthis field. Reference: Fortier, Y.
Alibert, F. Carron, W. Benz, K.-M. Dittkrist Planet formati models: the interplay with the
planetesimal disc. arXiv:1210.4009[astro-ph.EP]

3. ESTIMATION OF AGE OF CLUSTER M67
Saba Hasan Ansari and Dr.R.V Dabhade
Department of Physics, Fergusson College, Pune
Abstract: Photometryis a technique of astronomy concemiétd measuring theflux,or in-
tensity of an astronomical object’s electromagnetic réatia When using a CCD camera to
conduct photometry there are a number of possible ways taax photometric measure-
ment (e.g. the magnitude of a star) from the raw CCD image. Siimplest technique, of
aperture photometry is performed by using the software IRAFdividual stars by adding
up the pixel counts within a circle centered on the object sutatracting of an average sky
count. However the photometry in a very crowded field, such atobular cluster, where
the profiles of stars overlap significantly is achieved bygghe software MIDAS. It gives
an advantage of getting the magnitude of maximum stars instesl at once. Photometry is
applied to study the open cluster m67. The two main purpof#ssstudy were to com-
pare the color- magnitude diagram using photometric tephes with the standard one and
to determine the age of the cluster and meanwhile compdieretit techniques involved in
finding the age. Since each technique has got its degree eftaimty, sometimes the uncer-
tainty even lead to a result that depict the age of the clggtmater than the age of universe.
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Thus, the challenge is to prevent such mystification andénennclude an appropriate result
by using any convenient techniques.

. DETERMINATION OF MAGNETIC FIELD STRENGTH OF WHITE DWARFS US-

ING SPECTROSCOPIC DATA

Sherry Chhabra

Department of Physics, Fergusson College, Pune

Abstract: White Dwarfs are extremely interesting objecteliserve and analyze, especially
the ones that constitute a part of the Cataclysmic Variafilesse stars are present in a binary
system with a secondary main sequence star, from which ttmgt@ mass via an accretion
stream. Some of these cataclysmic variables exhibit extiraary magnetic fields which cause
a distortion in the accretion disk and the infalling mattedirectly taken through the poles
of the white dwarf following the magnetic field lines. The spa of such stars exhibit many
features such as cyclotron humps, Zeeman wingsetc. Hersptittra of such stars were ex-
tracted from the Sloan digital sky survey and then analyaetbtermine their magnetic fields
by studying the Zeeman split spectral line componentsrayidue to the high magnetic fields
while calculating the values for the cyclotron frequency.

. COMPARATIVE STUDY OF ACOUSTICS OF AUDITORIUM AND TEMPLE

Supriya Suhas Date

R.E.Societys R.P. Gogate College of Arts & Science and R.\bdalekar College of Com-
merce, Ratnagiri, Maharashtra

Abstract: Now a days temples and auditoriums are built asapaustics science with the help
of modern technology. But in old era auditoriums, templesafdeund in dome structure. We
have made an attempt to do comparative study of old structmd new structures of audi-
torium and temple. An auditorium is considered to be goodlifis flat frequency response
over all audio frequencies. To study the frequency respofaaditorium and temple we used
frequency generator to produce the signals having freqegorresponding to notes SA, PA,
and NI of the middle octave. Readings of sound intensity waken at various positions in
the auditorium and temple. The analysis shows that modefitoziwum as well as old temples
have fairly flat frequency response, which indicates thahetie old temple were acoustically
good.

. CP VIOLATION AT KEK B-FACTORY

Nitika Goyal, Monika Karday and Rajeev Kumar

Department of Mathematics, Statics and Physics, Punjab Agdultural University, Lud-
hiana

Abstract: The visible universe is composed of matter pagiprotons, neutrons and elec-
trons rather than their antimatter partner antiprotonsnaatrons and positrons. If the moon
were composed of antimatter, then lunar probes and astonauld have vanished in a fire-



ball of energy as soon as they touched the lunar surface. dlae wind and cosmic rays
do not destroy us, implying that the sun and the Milky Way ds® anade of matter. The
big bang should have produced equal amounts of matter aimdadter if C P symmetry was
preserved. As such there should have been total cancallatiboth- protons should have
been cancelled with antiprotons, electrons with positroesitrons with antineutrons and so
on. This would have been resulted in a sea of radiation witmatier. Since this is not the
case, after big bang physical laws must have acted diffigrestmatter and anti-matter, i.e.
violating CP-symmetry. Charge-Parity (CP) violation asalre effect seen only with certain
kind of elementary particles could provide answer. In g&tphysics, CP violation is the vi-
olation of the postulated CP symmetery: the combination-efy@metry (charge conjugation
symmetry) and P-symmetry (parity symmetry). CP symmetjestthat the laws of physics
should be the same if a particle were interchanged with itiparticle and then the left and
right were swapped. In 1964, Christenson Cronin, Fitch amtey unexpectedly discovered
CP violation in the decay of neutral K-mesons. Recently,\& generation of experiments,
the Belle experiment at KEF, Japan and the high energy liaeeglerator center (SLAC),
USA have observed CP violation using B mesons. Results &y both experiments in
July 2001 successfully established the presence of CPtignlan B meson system and sub-
sequently lead to Noble Prize to Cabbibo, Kobayashi and klaakn 2008 for their theory
of CP violation. The Belle experiment has collected neadp tlata during its 10 years if
operation from 1999-2010 and probed many new decays, resesand particles etc.

. COSMIC RAY SETUP USING PLASTIC SCINTILLATOR DETECTOR FOR TES T-
ING EFFICIENCY OF RESISTIVE PLATE

Sourav Jain

Department of Physics, Panjab University, Chandigarh

Abstract: RPC is a parallel plate gas detector employedhferdetection of minimum ion-
ization particles and in our case muons. These scintiBati@tectors were tested for their
performance in details. We fabricated scintillator dedestor finding the efficiency of RPCs
using cosmic ray muons. The operational performances ofsRiP@e two operating modes
depending upon the different mixture of gases send into &seggp of RPC have been stud-
ied. Efficiency measurement of a prototype RPC will be preserStudy of efficiency of the
prototype RPC using VME hardware and software will be presgn

. ITERAS FUTURE SOURCE OF ENERGY

Neha Goyal and Parveen Bala

Department of Mathematics, Statics and Physics, Punjab Agdultural University, Lud-
hiana

Abstract: The development of controlled nuclear fusion soarce of high energy. In a fu-
sion reactor, two Hydrogen atoms are brought together tm ®helium atom, a stream of
neutrons and energy. The theory of nuclear fusion was fingtldped by Robert Atkinson
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and Fritz Houterman in 1929. There are several types of audiesion reactions, most of
which involve deuterium and tritium which are isotopes ofllggen. A proton-proton chain
reaction is the process by which stars like the sun genenatgyy The temperature of fusion
reactor has to be about 100 million degrees Kelvin or aboutisies the temperature of the
Sun’s core. At this temperature, the hydrogen is a plasmat@ sf matter in which electrons
are stripped from atoms and move about freely. There aresptagonstruct a new fusion
facility at Cadarache in France, called the ITER acronymintdrnational Thermonuclear
Experimental Reactor. It has been finalized as a joint ptajthe United states, the Euro-
pean Union, Japan, China, Russia and South Korea. ITER &pabstween todays studies
of fusion energy and future electricity-producing fusicower plants. Fusion has beneficial
features which must be demonstrated on ITER and by all fyilaets to be widely applica-
ble. One of the goals of ITER is to achieve ten times the enfrayg a fusion reaction than
has been achieved. Itis designed to develop the technslogizssary for commercial fusion
plants that will generate electricity, hopefully by the nitist century. In this presentation, an
idea of ITER as future of energy has been projected.

. PREDICTION OF VARIABLE STARS AS BINARY STAR IN COMPARISON WITH

THE BINARY STAR ALGOL

Chetan Thakur

Fergusson College Pune

Abstract: Study of binary star systems, through the vaitgtif their combined luminosity,
can give us important information about the celestial dyicarof these stars. The objective
of this project is to study different variable stars and éhetether they are binary star or
not. Initially a variable star binary system Algol was sedliand its light curve was obtained
after observations over a period of 2 days. This was then asetireference for studying
other variable stars. By doing a comparative study of otimknown variable stars with the
reference star we predict whether the star under study ibiimeaty system or not. The present
work is ongoing at the Inter University Center for Astronomuyd Astrophysics (IUCAA,
Pune), where we are using Solid State Photometer attactitbddglestron 8 Telescope and
the task will be accomplished in 2 months. The Presentaticludes the comparative study
of variable stars by taking Binary star Algol as a reference.

STUDY OF TRANSITING EXOPLANETS WASP-12 B AND HAT-P-7 B

Asmita Bhandare and Firoza Sutaria*

Department of Physics, Fergusson College, Pune, *Indian htitute of Astrophysics, Ban-
galore

Abstract: Defocused Photometry is an extremely sensitie¢hod which allows precision
photometry with sub-milli magnitude accuracy. We repontehen transits of two such sys-
tems (WASP-12 b and HAT-P-7 b), both of which are in shortqenrbits around their hosts.
The extrasolar planet WASP-12 b, in orbit around WASP-12\(;@s a 1.41 0.10 MJ gas
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giant with radius 1.79 0.09 RJ. The high effective tempeetf the central star (6300 K)

and short orbital period (1.09142 days) make WASP-12 b otieeofnost intensely irradiated

extrasolar planets and one of the most well studied onesefinasolar planet HAT-P-7 b, in

orbit around GSC 03547-01402 (F8V) is a 1.8 0.63 MJ ,1.42 DRA gas giant which is

significantly less dense than Jupiter (0.62 J). With an afrbieriod of 2.2047299 4e-05 days,
it is found to have a retrograde orbit, raising questionsoathé¢ origin and survival of the

system. We report on 3 transits taken over a period of 14 nso@hr observations reproduce
the observed parameters of these two systems but suggeshg tiariation.

AMPLIFICATION OF SMALL SIGNALS USING WEAK MEASUREMENTS

Anirban Ch Narayan Chowdhury

IISER Pune, Pune

Abstract: The notion of a weak measurement was introducdkitate 1980s by Aharonov
et al as a modification of the von Neumann measurement scherigs scheme, we measure
a particular property of a system by coupling to a known midevice and then inferring the
systems property from the resulting shift in pointer statehe modified weak-measurement
scenario, the system is first initialized in a particulatestpre-selection), followed by interac-
tion with the pointer, and finally a detection of the systenaistate that is different from the
initial one(post-selection). The pointer shifts inducedthis procedure can be much larger
than that obtained by a standard measurement scheme. dileer@éak measurements can be
used to amplify and detect very small signals. This has bearodstrated experimentally, for
example in detecting a tiny spin-hall effect, for measusngall deflections of a mirror in an
interferometer etc. The initial device states used in wealsurements are typically Gaus-
sians. We have shown that by using orbital angular momentatess or Laguerre-Gauss
modes as initial device states, it is possible to enhanceehsitivity (as measured by the
signal-to-noise ratio) of amplification. This has been elted approximately for weak mea-
surement using a parametric-down-conversion(PDC) iotiena and exactly for observables
of the type A2 = | in a Stern-Gerlach like setup.

DESIGN AND DEVELOPMENT OF A LOW COST COMPUTERIZED LASER
RAMAN SPECTROMETER AND REDUCING THE NOISE IN THE SIGNAL BY
FUZZY LOGIC

Akhileshwar Mishra, Sachin Pandey, Jewel Aggarwal, Abhishk Pandey, Sarim Ali,
Vishakha Kashyap, Anshul Aggarwal, Ankur, Meenal Gupta, Akansha Kapoor, Ajay
Arora, Priti Sehgal, Divya Haridas, K. Sreenivas

Keshav Mahavidyalaya, University of Delhi, Delhi 1Departmet of Physics & Astro-
physics, University of Delhi, Delhi

Abstract: Raman spectroscopy provides key informatioruatie structure of molecules and
gives a characteristic fingerprint for chemical analysi$.e Theory of Raman spectroscopy
is taught in theory classes for undergraduates but therpésceived lack of suitable experi-
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ments in the teaching laboratories that provide practreating. Thereby undergraduates are
only cramming the concepts of Raman spectroscopy withadgnstanding the importance of
it despite being the fact that Sir C.V.Raman and Krishnandwag: marvelous research in this
field which had bought the Nobel Prize in Physics for Indiam@a spectroscopy experiment
at the undergraduate level in India is neither explainedeitaitl nor is the experiment done
due to the lack of an inexpensive Raman spectrometer. Sugphragnt is still not available
from commercial sources in India, and need to be importede&eh grade Raman spectrom-
eters are available by importing at a huge cost, therefarerthin problem in implementing
Raman spectroscopy is its cost.

The aim in the present work is to design a low cost Raman speeter which would be
indigenously designed for undergraduate students. THeigee traditionally requires a
grating monochromator, photomultiplier-tube detectord an intense monochromatic light
source. The spectrometer uses a green laser pointer (=5®nllaminate the sample via
a microscope objective. Backscattered Raman radiatioollisnated by the same objective,
green-laser light is blocked by a filter, and the remainingiBa radiation focused into a glass
fiber that is connected to a visible spectrometer with a ggathonochromator and a linear
diode array CCD detector. Signals are transferred via thB t&nection to a computer
where the signals are processed and displayed. During dates#ion of the spectrum with
CCD, noise superimposes on the signal. Image processinduamy technique is used to
remove the additive noise to extract the pure signal. It iseatgchallenge to develop algo-
rithms that can remove noise from the image without dishglitis content. The neighborhood
averaging and smoothing by image averaging are the clhgsiage processing techniques
for noise removal. Fuzzy logic provides the mathematicallehdor approximate reasoning,
which mimics human reasoning and can be therefore very golvétence we have used the
concepts of fuzzy logic to remove noise and extract pureasigRaman analysis of benzene
and Carbon tetrachloride has been done successfully wittlemigned Raman spectrometer.

ECO FRIENDLY PHYSICS

Ruchi Srivastava, Vanita Srivastava, Rudrani Bhardwaj

M.P.G. College, Hardoi

Abstract: Now a days pollution and global warming are thebgi problem for the earth. Pol-
luting environment has become our habits. Today the uselgf@rs, electronic equipments
and other industrial products are causes of pollution otthe&sually we think that science
gives us a dirty and polluted atmosphere besides providingreat comfort but it is not true.
Every coin has two faces, it depends on us that we see eithdrdrdail. Likely, about use of
science, it totally depends on its user whether they use gdod results or not. Today where
the great industrial development pollutes air and causasagivarming while physics also
provides many techniques through which we can achieve oauinements without polluting
or destroying the nature. Here we have some shown some tgesnwhich can be used to
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make physics eco-friendly.

A STUDY ABOUT THREE COMMON FORMS OF PLASMA

Honey Arora, Ramandeep Kaur and Parveen Bala

Department of Mathematics, Statistics and Physics,Punjab éricultural University,
Ludhiana

Abstract: We are surrounded by plasma, since 99% of the tg@ve in the plasma form. Our
sun and all the stars are made of plasma, much of interssgkare and intergalactic space
is filled with plasma. Plasma is the fourth state of matteeothan solid, liquid and gas.
Plasma is a quasi-neutral medium of positive and negatix&|gs which responds strongly
to electromagnetic fields. Although these charged pastiate unbound, these are not free.
When these charges move they generate electrical curretitswaignetic fields, and as a
result, they are affected by each other’s fields, that is wesay that they show collective
behaviour. We live in 1% of that universe which is not actpplasma. The reason being high
temperature conditions required for its quasi-neutratexice. The common forms of plasma
include artificially produced, terrestrial plasmas andcspand astrophysical plasma. Artifi-
cially produced plasmas are found in plasma displays, éishrescent lamps, plasma balls
etc. Terrestrial plasmas include lightning, sprites, palarorae etc while space and astro-
physical plasmas includes solar wind, interstellar meditmergalactic medium, interstellar
nebulae etc. In this presentation, a study of these formdashpa has been conducted and
explained with the help of pictures.

RELATIVISTIC APPROACH AND DE BROGLIE HYPOTHESIS

Dnyanesh Tikhe and Mayur Arsade

KZS Science College, Nagpur, Maharashtra

Abstract: The matter wave concept found by de Broglie canppdied to photon, electron,

neutron, atom and molecule. Evidence of wave nature of nrsaopic objects can never be
seen. The group velocity of matter waves related to rekiosparticle and non relativistic

particle can be calculated using de Broglie hypothesis.

MOTION

Vijayakumar Gidad,, Karibasaiah Devaramane and Mithun

Laxmi Venkatesh Desai college Raichur, Karnataka

Abstract: The world is filled with things in motion, things amall as dust and as large as
galaxies, all are continually moving. Your book may seemedyting quietly on the desk,
but each of its atom is constantly vibrating. The still aiowand you consists of molecules
tumbling wild at various speeds, most of them moving as fagifie bullets. Light beams
dart through the room covering the distance from wall to wathbout a hundred millionth
of a second and making about ten million vibrations durirg time. The whole earth, our
spaceship itself, is moving at about 29 km/s around the sun.
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PERMANENT MAGNET- THE SUPER BATTERIES

Ramanpreet Singh

Department of Physics, Panjab University, Chandigarh

Abstract: Arranging magnets on rotor system in such a waynlagnets on rotor are repelled
and continuous rotational motion is obtained and that matén be used to obtain electricity
through generators. Energy obtained from system will classein magnetization of magnets,
which is very less ranging from 10 to 100 years. Thus, thesbhakeries.

IMPROVING EFFICIENCY OF BUILDING AIR CONDITIONERS USING PEO PLE
COUNTING SENSORS

Vishal Goyal

Department of Physics, Panjab University, Chandigarh

Abstract: Prototype of People counting sensors basedatdatrBuilding Air conditioner is
developed and discussed and improvement of efficiencyesidsussed. Every human entity
emits an approximately definite amount of heat energy to siimere, which disturbs temper-
ature equilibrium made by Air conditioner. So we prototyedontrol to Air conditioner
based on people in area.

NEGATIVE INDEX META MATERIALS

Anjali, Neha, Maninderjeet Kaur

Department of Physics, Panjab University, Chandigarh

Abstract: We will be presenting the concept of NEGATIVE INREMETAMATERIALS in
our poster, which was introduced by Russian Physicist, [sgse in 1967. Negative index
metamaterials are the materials with negative refractidex due to simultaneous negative
permittivity and permeability in a certain frequency rangleese materials have various prop-
erties different from the normal (positive index) mategitike reversed Snells law, reversed
Doppler effect, obtuse angle Cherenkov radiation etc. Negandex metamaterials also
have varied applications like with these materials resmubelow diffraction limit becomes
possible. Other potential applications for negative indterials are soltions, optical nano-
lithography, nanotechnology circuitry, as well as a nedd feeiperlens that could be useful
for biomedical imaging and subwavelength photolithogsapAlso electromagnetic waves
travel differently in these materials which earn them a ndafichanded materials. So our
poster will include some basic theory regarding metamatgrthe various properties distin-
guishing metamaterials from, basic wave propagation cheriatics in these media and their
applications.

FLEXIBLE ELECTRONICS

Nitisha Sharma and Anurag Seth

Department of Physics, Panjab University, Chandigarh

Abstract: Imagine the world with computers as thin sheetaygp, iphones which can be
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folded, skullcaps which can sense force of impact on an tathleead, and extremely small
sized sensor stickers which can measure your body temperalio one would have ever
thought of printing big circuits on just a thin sheet of irsor until the discovery of the
core of the todays electronic technology, i.e. Printeduiirboards (PCBSs), in early 20th
century. These have not only reduced the size of the big wiepwircuits but also the
operating voltage required for them. It is hard to satisfynans curiosity! Now we wish to
incorporate the whole circuitry including electronic camnents and conducting path ways
on a flexible insulated substrate. All these can now be madsilge with the very new
technology called Flexible electronics on substrate sgctramsparent conductive polyester
film using Photolithography. Due to the introduction of ttéshnology, long existed problems
like limited space or board thickness, in electrical cotioes where space is the deriving
factor can be effectively managed. Through this postergmtasion, we would like to share
this new interesting and highly appreciable technology, issimplementation.

FORCE SENSORS AND ITS APPLICATIONS

Richa and Kavita

Department of Physics, Panjab University, Chandigarh

Abstract: | will present poster on some applications of tetc sensor an method of how
to improve accuracy of experiments performed in labs. Ladte atn example of experiment
determination of the co-efficient of viscosity of variouguids by using Strokes method it can
be made more accurate using electronic sensors. We use atolp to measure the time that
the steel ball takes to travel certain vertical distances Titay include manual errors and the
results will not be accurate. If we use sensors, errors willdgluced to much lower value or it
may include no error at all. So in the poster such sensorshaiidvtorking will be discussed
with their more useful applications.

| List of Oral Presentations

S.No.

O-1

0-2

0O-3

0-4

Author(s) Title

Nandita Chaturvedi The Dynamics Of Falling Paper

Tabish Shilbi Quantum key distribution

Nisha Narasinha Kelkar A laser based low cost techniguegasure cell size

Chiranjit Mitra, Bapun Kumar Giri, —
P.K. Panigrahi and A.N. Sekar lyengar
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S. Anil Purohit Construction of optical bench to caltala
and verify optical parameters

PTS College Science, Surat Aurora borealis
Chimnay Manoj Kolhatkar Automatic street light contsgktem
Sanmoy Mondal Understanding the trajectory of an edeatnder the

influence of magnetic field using bohmian machinery

S. Hui, Dr.B. R Sekhar Valence band study of poly crystalsilver sample
using ultraviolet photoelectron spectroscopy

Kartika N. Nimje Influence of static magnetic field on trewth of plants
Nishant Gupta Is universe really baryon asymmetric?

Monu Sharma and Varun Sharma  Rogue waves

Abhinna Kumar Behera, Correlation and periodicity boancing

A.N. Sekar lyengar, ball motion through wavelets
and Prasanta K. Panigrahi
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Amanjot Kaushal, Kanupriya Temperature dependentriedacconductivity
and P.S. Tarsikka of guava juice during ohmic heating
Honey Arora, Ramandeep Kaur Formation of planetaresyst

and Parveen Bala a study reviewing formation and evolution
Saba Hasan Ansari Estimation of age of cluster m67

and R.V. Dabhade
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Sherry Chhabra Determination of magnetic field strength
of white dwarfs using spectroscopic data

Supriya Suhas Date Comparative study of acoustics dtogiutin and temple

Nitika Goyal, Monika Karday Cp violation at kek b-fegtor
and Rajeev Kumar

Sourav Jain Cosmic ray setup using plastic scintillator
detector for testing efficiency of resistive plate

Neha Goyal and Parveen Bala iteras future source ofgnerg

Chetan Thakur Prediction of variable stars as binary
star in comparison with the binary star algol

Asmita Bhandare and Firoza Sutaria Study of transékugplanets wasp-12 b and hat-p-7 b

Anirban Ch Narayan Chowdhury Amplification of smallrgifs using weak measurements
Akhileshwar Mishra, Sachin Pandey, Design and dewsop of a low cost computerized laser raman
Jewel Aggarwal, Abhishek Pandey, spectrometer and reddieenoise in the signal by fuzzy logic
Sarim Ali, Vishakha Kashyap, Anshul Aggarwal,

Ankur, Meenal Gupta, Akansha Kapoor,

Ajay Arora, Priti Sehgal, Divya Haridas, K. Sreenivas

Ruchi Srivastava, Vanita Srivastava, Eco friendlysitsy
and Rudrani Bhardwaj

Honey Arora, Ramandeep Kaur, A study about three confarors of plasma
and Parveen Bala

PTS College Science, Surat Magnetohydrodynamicsytheo
Dnyanesh Tikhe And Mayur Arsade Relativistic appraauth de broglie hypothesis
Vijayakumar Gidad, Motion

Karibasaiah Devaramane and Mithun
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P-18 Ramanpreet Singh Permanent magnet- the super batterie

P-19 Vishal Goyal Improving efficiency of building air
conditioners using people counting sensors

P-20 Nitisha Sharma and Anurag Seth

P-21 Anjali, Neha, Maninderjeet kaur Negative index metsemals
pP-22 Richa and Kavita Force sensors and its applications
About IAPT

A voluntary organization of Physics Teachers (at all leyeBientists, professionals and other
interested in physics (Science) education in the country

Indian Association of Physics Teachers (IAPT) was esthbtisin 1984 by dedicated physics
teacher and visionary (Late) Dr. D.P. Khandelwal with azgupport from likeminded features with
the aim of upgrading quality of physics teaching at all lewethe country. Since then it has grown
into a major organisation with about 6000 members spreadtbr@ughout the country and abroad,
besides annual members, student members and sustainingemrsendll IAPT work in voluntary,
no remuneration is paid to members for any IAPT activity.

The Association operate through its 20 Regional CounciBs)Ryrouped into 5 zones. These is
a central Executive Council (EC) which controls and coaaths all its activities.Regional Councils
also have a similar structure.

Current Activities of IAPT

Publications

e Bulletin a monthly (32 pages) with the record of uninterrupted puailion since 1984. Be-
sides reporting IAPT activities it also carries articlesdmvelopments in physics and physics
education. Free to the members, it also serves as a vehiekpogssion and communication
amongst them.

e Journal of Physics Education The IAPT has taken over the publication of this quarterly
(previously published by UGC) publication since April 20@blume 18). Life members of
IAPT can get it at concessional rate. It carries researdtieston Physics education.
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e Prayas A quarterly journal carries out articles and research rspoy UG/PG students. It
also carries invited articles from physicists of reputewmechristened as Student Journal of
Physics.

e Pragami Trang This bilingual (Gujarati & Partly English), has been stdrignce 2009 by
Gujarat RC. Horizons of Physics In a book series brought auphysics teachers and stu-
dents. Each volume contains about 15 review articles warltieexperts, taking off from the
B.Sc. level and leading to the frontiers of the field.

National Standard Examinations

National Standard Examinations are held at 3 levels withathjectives: to enable the student
judge him/herself against a national standard; to presamnéct perspective of physics; to enhance
the students-teacher interaction through discussion ®@tpaper. Members or students are iden-
tified, duly honoured and awarded medals and token prizessé bxaminations constitute the first
step towards participation in International Olympiadsespective subjects. The responsibility of
selecting and sending the Indian team to the internatiohgh@iads rests with the Homi Bhabha
Centre for Sciences Education (HBCSE) with whom IAPT workslose collaboration.

Evaluation of experimental skills

IAPT started this evaluation with NSEP and NGPE, examinatgince 1992, essentially to stress
the point that no evaluation of a science student is commlé@teout inclusion of an evaluation of
experimental skills.

Extra Low-Cost Book (ELCB) programme
Under this programe life members are offered quality plsybimoks at a considerable discount,
under arrangement with publishers. The aim is to help teadheéld up their personal libraries.

For teachers

e National Competition for Innovative Experiments in Physics (NCIEP): This programme
is being held since 2003, to encourage Physics Teachersiteive and set up original inno-
vative experiments in Physics. The Competition is heldeyear at the venue of The Annual
Convention. The high quality of entries shows the usefidreédhe programme.

e National Competition for Computational Physics(started 2011). Essay Competition: Gu-
jarat RC of IAPT organizes a National Essay Competition fbtesmchers for the last few
years.

e Anveshikas (Experimental Physics Centres) The first such centre was established at SGM
Inter College, Indira Nagar, Kanpur in 2001. It provides a&déor generating interest in
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Experimental Physics in young students. upto +2 level thindearning by doing. Facilities

exist for conducting Teachers Orientation Programmes fiaoeraging them to undertake
class room teaching through demonstrations. A mobile umdsgdemonstrations in schools
by prior appointment. Each demonstration session is of @®@ihour duration. This pro-

gramme generates interest is students for Physics anfieddhie basic principles. A number
of such centres are now coming up in the country.

¢ National Anvashika Network of India (NANI) : It has been decided to establish a National
Anvashika Network of India (NANI) of 100 Anveshikas. Alrea011) nearly 15-20 An-
veshikas have come into existence others are in the offering

e Centre for Scientific Culture (CSC): The Centre established at Midnapore College, Midna-
pore (WB), provides an year round exclusive facility, of wiagkexperiments in Physics. Itis
also engaged in developing laboratory experiments exaraisphysics at school level.

Orientation Programmes/Seminars/Workshops for Teachers

These are organised regularly by Regional Councils in ib#aretical and Experimental Physics.
A number of such programmes have been carried out with theostffom MHRD, Infosys Foun-
dation and other such agencies.

Conventions
A 3-day National Convention is organised every yeatr, siri@llon some specific theme. Papers
are presented by members and lectures are delivered bytekpére field. Presentation of innova-
tions in teaching methods, demonstrations and lab expetgiea regular feature in all conventions.
Regional Councils also organise regional conventions it ttonvenience. Teachers talent in
various aspects of Physics education is identified and deualby organizing contests during con-
ventions.

About Department of Physics, PU
The Department of Physics was established in 1947, in Gowdillege, Hoshiarpur (Punjab).

In August 1958, the department was shifted to the presenpeamAt that time, the department
was headed by Prof. B.M. Anand who had worked with Nobel laigr€.F. Powell. The faculty

numbered about a dozen and Prof. Anand soon establishedhah@gy particle physics group
(nuclear emulsion) and optical UV spectroscopy group. Ttgeemental nuclear physics group
and mass spectrometry section came into existence soan ®fith Prof. H.S. Hans joining the

department in the late sixties, the research activitieagoajor fillipcyclotron was installed. Three
major research groups in nuclear physics, particle phyanck solid-sate physics including both
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theory and experiments were strengthened and mass spegtydaboratory was modernised. Since
then the department never looked back. It has UGC Speci@tasse Programme (SAP) from 1980
to 1988 and College Science Improvement Programme from &®8491. With the success of the
above programs and of research activities in particle glysiuclear physics and solid-state physics
through national and international collaborations, thpadment became a major research centre
amongst Indian universities.

In 1988, the department was accorded the status of Centreldnsed Study (CAS) by UGC
with three major thrust areas, particle physics, nuclegsiol and solid-state physics, which is a
unique feature in itself. The department is now in CAS forttage. At present the department
has a strength of 29 faculty members, 47 non-teaching/astmdtive staff, around 120 research
students, 15 M.Phil. students, 10 Post-M.Sc. Course in lacater Physics students and about
350 graduate and undergraduate students. Our studentsval&@us entrance examinations, like
GRE, BARC, TIFR, DRDO, UGC/CSIR test for research and caireéeaching, besides entering
professional courses, like M.Tech., MCA, etc. About 30 agsk projects worth eight crore rupees
under national/international collaborations are opaggith the department.

Besides imparting quality education to the departmentesttg] the faculty also teach specialisa-
tion subjects, like nano-technology, nuclear medicineraeadical physics to name a few.

The department participates in various national and iaténal research initiatives and also
hosts various conferences, seminars, meetings etc. @rosmterest regularly. The department
has an 11-inch telescope to encourage/inculcate the giciéatmper among public and with partic-
ular emphasis on college and school students. The departrmeses Indian Association of Physics
Teachers (IAPT) office and actively leads in IAPT and Indidwy$cs Association (IPA) activities.
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The Dynamics of Falling Paper

Nandita Chaturvedi
St. Stephen’s College, University Enclave, Delhi 110007

Abstract.

We discuss how a mathematical model based on three simple forcegty,glift and drag, captures the

complex behaviour of falling paper. While work of this kind has been dmfere, we make the model more
realistic by introducing a new drag model. We also subject the model toimem@al verification. Estimates for
the values of frictional coefficients for the paper-air system are d@teththrough an indirect experiment using
scaling and geometry arguments. We find that for the frictional coefficidetermined, the model provides a
sound quantitative description of the path of a falling paper. Finally, weerpagdictions for the behaviour of
the paper in different fluids by varying drag coefficients.

1. INTRODUCTION

Paper, as it falls through air under the influence of gra¥itfpws complex and seemingly unpre-
dictable paths. The rich dynamics of its motion has inspge¢kral theoretical and experimental
studies.

Models proposed to desribe its behaviour follow one of twinma@ethods. In the first, the object’s
motion is described by studying the behaviour of the fluidlftsFor this, one of the several forms
of the Navier-Stokes equations is solved numerically waétpect to the boundary conditions of the
system [7] [3]. In the second, laying less emphasis on thd ftgelf, the path is determined by
numerically solving the object’s equation of motion.

In their model [9], Kaneko and Tanabe follow the latter methdhree forces are considered—
gravity, lift and drag. However, the drag model used in [9lisealistic for the paper-air system
[6] and has not been verified via experiment. Other experiatetudies have been carried out for
fluids such as water or glycerine [1] [4] with higher densitéand viscosities.

We are specifically interested in studying the motion of papeir. We introduce a new drag
model, proportional to square of velocity, and conduct greexnent to test it. The values of fric-
tional coefficients cannot be determined by making measemgsrdirectly for paper. The lift force
on paper is significant and this leads to a complex dependnaglocity and position on the ob-
ject’s rotation. We calculate the frictional coefficiemslirectly, by first making measurements for
a heavier object. For a heavier object, lift force may be eetgld as it is inversely proportional
to mass, and its path is a simple fall. Frictional coefficsesute numerically back calculated from
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experimental measurements. Using scaling arguments, leelat® the frictional coefficients for
paper. We substitute these values in the simulations ahthtesalidity of the model.

2. THE MODEL

We describe the system using the paper’s equation of masisumaing that the paper is subjected to
three main forces— gravity, drag and lift. To simplify th@plem, we work in only two dimensions
and ignore elastic deformations in the paper. The paper deiteal as a rigid line characterised by
two quantities; length, and massin.

The coordinates of its centre of mass are givetidyy ), « andv denote its velocities in the and
y directions respectively. Létbe the angle the paper makes with the positidérection andv the
angular velocity of the paper about its center of mass.

Figure 1. The coordinate systenfx, y) denote the position of the center of mass, and
0 is the angle the paper makes with the positivexis. V' is the velocity of the paper,
with components;, andv in thexz andy directions, respectively. The angleis made

by the velocity vector and the positigedirection.

The system we are trying to model has a Reynolds number given b
R = psol/n. (1)

At 30° C, density of airp; is of the order ofLkg/m3, velocity of the object is aboutlm/s ,
length of papet is of the order ofil0—! m and viscosity of air is aroundl0~> kg/m s. Substituting
these values, we find th&t will be of the order ofl0°.

At high values of Reynolds number suchi@$, drag force is best modelled as proportional to the
square of velocity of the object
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1
P = Cpg AV )

Here, A is the effective area of the object perpendiculahédfiow, and C is a constant that depends
only on the shape of the body. In terms of frictional coeffitiper unit massk

F =mkV?2. (3)
Where
g CPrA (4)
2m

Since drag depends on the area of the body transverse toréotiat of flow, we introduce two
such constantsy; and k. When the fluid flow is perpendicular to the plane of the pagper,
is the relevant frictional coefficient and drag force is givey F, = mk, V2. Using these two
coefficients, the velocity of the fluid is easily split intoraponents parallel and perpendicular to the
plane of the paper. The drag forces in thandy directions are thus

F, =mV[—(kysin®0 + kj cos® 0)u + (kL — kj)sind cos 6v], (5)
EFy =mV[—(kysin?0 + kjcos® 0)v + (k1 — ky)sinf cos Ou]. (6)

So far we have modelled the force the fluid exerts on the pageilpl to the direction of flow.
The force the paper feels in a direction perpendicular talitetion of flow, lift, is usually modelled
using the Kutta Joukowski theorem. When the theorem is appli¢he system in question, the lift
in thez andy directions, and the torque acting on the paper are obtaimed a

b, = Flp;mV? cos(a + 0) cos a, @)
b, = +lp;rV2cos(a + 0) sina, (8)
7= —12p;rV?cos(a + 0) sin(a + 0) /4. 9

Here,V? = (u? 4+ v?) anda = tan~!(u/v) is the angle between the velocity vector of the paper
and the positivey direction. The upper signs are valid in the conditiéns< 0 and0 < a+ 6 < )
or (v > 0and—7 < a + 6 < 0) while the lower signs are valid ifv > 0 and0 < o+ 6 < 7) or
(v<Oand—7m < a+6<0).

The gravity, lift and drag forces may be put together to getftilowing equations of motion.

@ = —(k1sin®0 + kj cos® 0)Vu+ (ki — kj)sinf cos Vv F mpV? cos(a + 0) coscx,  (10)
b= (ki — ky)sind cos 0Vu — (ky cos® 0 + kysin*0)Vv £ mpV?> cos(a + 0)sina — g, (11)
W= —kjw—3mpV?cos(a + ) sin(a +6), (12)

6=w, (13)

wherep = iﬂj is the ratio of the density of the fluid to that of the paper.
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3. EXPERIMENT

Through the above model, we may study the motion of papertsiudesarious dimensions. For

this study, we restrict our attention to strips of thick pafiisiness cards) with length, = 12 cm,

width, w, = 2.7 cm and thickness, = 0.29 mm. Sincé:; andk are arbitrarily added constants,

an estimate of these for the air-paper system is requiredthis an experiment was carried out.
From equation (4),

ki =CpsAL/2m, (14)
k‘H = CpfA”/Qm. (15)

Thus, the two frictional coefficient#,; andk only differ because of the different reference areas,
AL = lyw, and A = wyt, respectively. We may then write

k= (A /AL)kL (16)

Thus, we only need to determike , andk will automatically be fixed. For the paper strip taken,
AL/A” = 100.

We aim to determine the frictional coefficients for the pagiersystem by measuring the paper’s
time of descent, then back calculating their values nurallyicising the simulation. However, it is
not possible to do this directly for paper. Lift force actiog paper is large and this causes its path
to be complex. The paper rotates and flutters as it falls. Védesdto determing, for the paper
indirectly, by first determining it for an object with simplmotion. A plastic ruler was chosen for
this purpose. Due to the larger mass of the ruler, the rafiluiof density to object density, is much
smaller. This causes the lift force on the ruler to be nelgligiThus, the only forces on the ruler are
gravity and drag and the ruler undergoes a simple perpeaditzl.

Letl,, w,, t, be the length, width and thickness of the rulerandm* are the masses of the paper
and ruler respectively ankl; is the perpendicular coefficient of friction for the rulet, = [,b,,
A% =1,b, are the areas of the paper and the ruler respectively. Fromtieq (4) we obtain

kim/A, =kTm* /A" = Cpy a7)

Using this relation, we may obtain the coefficients for papeoefficients for the ruler are known.
We measure the time of descent of the ruler and then backlatddbhe values of frictional coef-
ficients numerically using the simulation.

Table 1. Time of Descent.

Distance(m) Time(s)
2.330 0.83
2.330 0.85
2.330 0.87
2.330 0.85
2.330 0.84
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The ruler was hung using a thread with its plane parallelégtiound. Its height from the ground
was measured to be 2.330 m using a meter tape. To avoid digjutb orientation, the ruler was
dropped by burning the thread above it using a candle. Amargistop watch was used to measure
time of descent. It was observed that the ruler undergoasglssifall, with no rotation. Further, its
motion in thex direction amounts to only a few centimeters as it falls tigtoa distance of 2.330 m
in they direction. A sample of the observations taken is given indab

The dimensions of the ruler ate = 15.90 cm, w, = 2.70 cm, ¢, = 0.9 mm. However, since
each reading of time has a large error of about 0.1 s due ttigaatne, we take time in the range
0.75-0.95 s. These values were substituted into the sinléd determine the value df} for
which the object fell through 2.33 m in the given time rangs.tidere was no rotation, we pit= 0
by hand. It was observed that the condition was satisfie#’fan the range 0.7—0.9.

Using equation (16) we obtain, to lie in the range 2.1-2.7.

4. SSMULATION

Since we have confirmed the validity of the model, we may noweanmedictions for the behaviour
of the paper in different fluids. Using= 0.3 and/ = 0.12 , when the simulations are run, mainly
two main regimes of motion emerge.

Fork, < 0.16, rotation or tumbling of the object is observed. The objedially flutters with
an increasing maximum value 6f0,,, till its value reacheg /2. At this stage, the object begins to
tumble. Itis noted that &s, is increased steadily from 0 to 0.16, the switch from flutbeiumble is
successively delayed. At = 0.01, tumbling starts at about 0.8s whilefat = 1.5, tumbling does
not set in till around 2.8s. At 1.6, the object does not rotaté flutters with a constant amplitude
after transients have died out.

For0.16 < k, < 5.1, we observe a regular fluttering motion. Howewgy, decreases as, is
increased. Ak, = 1.6, 6,, is 1.52 radians. At 1.0, it decreases to 0.80 radians andrAdians
atk, = 1.5. Ask, is increased still furtheq,, begins to slowly increase again. At = 2.0, it
increases to 0.80 radians again. The value,pfeaches 1.0 radian &t = 4.5, and steadily keeps
increasing.

It is observed that ak, is increased, it takes more time for the paper to achievdaegscilla-
tions. The amplitude of oscillation, bot 6fand thex coordinate increases for a longer time before
becoming constant.

Whenk, > 5.1, it is observed that the paper does not achieve constanitadgl Amplitudes
of both # andz increase till a certain value followed by a sudden changéénctcoordiate. It
is observed that the paper undergoes oscillation aboun#@vismean value of. Motion is then
characterised by periodic fluttering about different measitions seperated by sudden changes in
xX.
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Figure 2. Plot of y vs z for 1,=0.12m, p =0.3. Clockwise from the top-left: At
k.1 = 2.6 regular fluttering motion is observed. At = 0.13 the paper shows rotation
while steadily moving towards one side. The last two plots arekfor= 5.1 and
k1 = 6.2 respectively.

Figure 3. Plotofvvs.uvatk, =5.0,1, =0.12m, p=10.3

5. Conclusion

The model in [9] was improved with the introduction of a moealistic drag model. We conducted
an experiment to determine the values of frictional coedfits for the paper- air system. Using the
relevant values and the results of a computer simulatiany#tidity of the model was tested. It

was found that the model is successful in qualitatively sdpcing the behaviour of a falling paper.

Lastly, we made predictions about the paper’s behaviouuiddlwith different values of drag.
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L aser Based Low Cost Techniqueto Estimate Onion Cell Size

Nisha Narasinha Kelkar
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Abstract.

It has been observed that periodic structure of plant cells effectagtyas a diffraction grating. The grating
element of such system is obtained optically by shining the plant cells particidgOnion peel by LASER.
The measurement of diffraction pattern results into estimation of the celbsthe periodic plant cell structure.
This paper attempts to report variation in cell size of onion from core toantwetals. The effect on the size
of the cells during the treatment of onion with pesticide is also reported.

Keywords. Diffraction, Plant Cell, Laser.

1. INTRODUCTION

The plant physiology starts with study of plant cells. Thé ebasic structural and functional
unit in any living organism. Plant cells have three addiilostructures not found in animal cells;
cell wall, vacuoles, and plastids that are important to {olanction. The plant cells have periodic
structure. Cells are covered by a rigid cell wall that liets@le the membrane. This cell membrane
is nearly transparent and sandwiched between adjacest CEfle rigidity of cell walls helps to
support and protect the plant cell. Thus, the estimatioretifsize is basic requirement of study of
plant cell structure. Study of growth rate, osmosis, phgttigesis etc. requires the knowledge of
cell size. [2] The microscopic view of cell sample reveaksttie cell walls are opaque to light and
middle membrane is nearly transparent to light. The cell va$ dimensions of the order of 10-10
m. which is comparable to wavelength of light. Because ofe¢hfeatures, the plant cell structure
acts as diffraction grating; in particular transmissioatigrg. When we shine it by LASER light
the diffraction pattern is obtained. In life sciences vasidechniques like oculometry are used to
estimate the size of cell. These techniques are complieageekll as time consuming. Since plant
cell structure acts as diffraction grating, we can estintlagesize of cells by diffraction technique.
We employed a novel LASER based diffraction method to edérttee cell size.
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2. DIFFRACTION AND DIFFRACTION GRATING
2.1 Diffraction

The bending of waves around the edges of An Obstacle is cadleliffraction. [1]

2.2 Diffraction Grating

Diffraction grating consists of large number of paralledrmow and evenly spaced slits. Typical
gratings have hundreds or thousands of slits per unit lenyhcan calculate the separation using
relation

dsin = nA Q)

Wheren is order of maximum is the wavelength of light angin is the angle subtended by the
nt" order maximum with central maximuni,is the separation between slits. [1]

2.3 Plant Cell as Grating

The periodic cell structure of plant acts as grating. In redtcondition middle part of cell is trans-
parent to light and walls of cell are opaque [2]. These cellsagct as obstacle for light, when cell
structure is shined by laser the diffraction pattern.

3. PHOTOGRAPHS

STUDENTE GRATING

15,000 LINES PER INCH
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Figure 1. Photographs of diffraction grating and diffraction pattern.

Figure 2. Photographs of plant cell diffraction grating and diffraction pattern.

Tonothy Ot
=0

5l Dwdes

Figure 3. Schematic representation of diffraction experiment.
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4. EXPERIMENTAL PROCEDURE
4.1 Preparation of Diffraction grating using Plant Cell

We used peel of onion cell to construct plant cell diffractigrating. The slide of cell samples is
made by taking proper precautions.

4.2 Set up and Measurements
This plant cell diffraction grating is shined by laser and thiffraction pattern is recorded on the
screen as shown in Figl.1. The angle subtended by the nthroadémum with central maximum

is calculated using simple geometry of diffraction pattexcorded on the screen. Then using Eqn
(1) size of the cell is calculated.

5. OBSERVATIOS

5.1 Variation in cell size frominner to outer petal

Variation in Cell Size

2]

&0
E ™
5
& 40
S
E Fi]
2]
] [} - 10
Paial Numbei
[nfiri 0o outed petal
Petal No. (Inner to outer) 4 5 6 7 8 9
Mean Cell Size ilum 341 464 473 620 683 734
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5.2 Comparative representation of oculometric and LASER diffraction measurements of cell size

e mDM moM
540

£30 -

Cell s
o
|

Petal Number (Inner to outer) 4 5 6 7
Cell Size using Diffraction inum 4252 38.85 34.64 27.82
Cell Size using oculometer imm 45.15 38.15 34.53 28.10

6. APPLICATION

6.1 Effect of Pesticide on Cell Sze

The onion cell samples are treated with pesticide Chlofpyri Chlorpyrifos pesticide is a toxic
organophosphate. After treatment, plant cell diffract®rating is prepared.And; the diffraction

patterns are observed and recorded on the screen. With lhefr@mple geometry we calculated
angle . Finally, the cell size is estimated using eqn (1).

6.2 Comparison of cell size between untreated onion and onion treated with pesticide.
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Figure 4. Microscopic view of untreated and onion treated onion.

Figure 5. Diffraction patterns of untreated onion and treated onion.

7. RESULT AND DISSCUSION

The diffraction technique can be used to estimate the cadl af biological samples. The results
obtained by LASER diffraction technique are in good agresmeéth the results obtained by Ocu-
lometric technique. The cell size increases linearly framer petal to outer petal of onion which is
in accordance with theory of grown plant cells. The diffractpattern of treated onion cell sample
changed significantly therefore, pesticide alters thesiedl. The pesticide penetrates inside treated
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onion, up to the fourth inner most petals. In the fourth pétaier) decrement in cell size is about
20% and for ninth petal (outer) decrement is about 40%. Thatian in cell size is not linear after
the treatment.
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Abstract.

Now a days temples and auditoriums are built as per acoustics science avitblthof modern technology.
But in old era auditoriums, temples were found in dome structure. Werhade an attempt to do comparative
study of old structures and new structures of auditorium and temple.

An auditorium is considered to be good if it has flat frequency respoveseall audio frequencies. To study
the acoustics of auditorium and temple we have beamed sound signalg fra¢jnencies corresponding to
notes SA, PA, and NI of the middle octave. Sound intensity at various pasiticthe auditorium and temple
were recorded separately.

The analysis shows that modern auditorium as well as old temples hdyédl&ifrequency response, which
indicates that even the old temple were acoustically good.

Keywords. Acoustics, Dome structure, Auditorium, Temple.

1. INTRODUCTION

Success of a musical program in an auditorium not only depapdn the skills of the performers,
quality of the musical instruments used and on the amplifistesn in the hall but also upon the
acoustic quality of the auditorium. An attempt has been niete to study the response of various
places in the auditorium, to the signals having frequenmiesesponding to the notes Shadja- ‘Sa’,
Pancham- ‘Pa’ and Nishad- ‘Ni’ of the middle octave- ‘Madtyaptak’. The sound intensity is
measured at various places and intensity against a funatiposition is plotted.

2. PROCEDURE

1. The temple of Goddess "Jogeshwari” at Ratnagiri (Mahdras& auditorium of our college
was chosen to study the acoustics.

2. We draw the matrix of 1m by 1m on the floor of temple & auditani
3. The signal was given to audio system speakers of conseaqdncy.

4. Mike was kept on various points on drawn matrix to measeerttensity of sound.
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5. Observations of sound intensity in the matrix form werded.

3. THE WAVE EQUATION
Yr = Ap sin(wt + fbk)
Where,

A = (CH)(1/dy), dy = [(x — (wo + ia)® + (y — (yo +jb)* + Z5]'/*
Oy, = (2nfdy/v),v = 340m/s
Yiesultant = (Y1 + Y2 + -+ Y1s)

J1 =256H2(Sa); fo = 348H2(Ga); f3 = 384Hz(Pa); fy = 480H 2(N1)

4. SCHEMATIC REPRESENTATION

Fig. 1 shows experimental setup of our study. In diagramdibies represent matrix form. We
have drawn a matrix of 5050 cm on the floor of the temple and auditorium. There are Y arré
speakers situated at the ceiling of the auditorium and dbnetsre at each and every point on the
matrix. With the help of function generator sound waves qlireed frequencies were sent.

Representative Matrix

I%[

Sensor

Mike _’| (Xp,Yp,1M)

%73 |

T

ilp To Speaker X-Axis
Assembly ———* 0O/p From Mike

e —

Stage

Figure 1. Experimental Setup.
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Function Auditonum
Generatar j}) O— Amplifier —— OF
L system | Tospeaker
assambly

From sensoe
microphane
ol

=1

BPF (Pa) CRO

A BPF (N
CE Amplfier 3

We used very simple laboratory apparatus to check the dcaigemple and auditorium. Appa-
ratus used are function generator, CRO, two mikes, spegktm, CE amplifier, band pass filters.

At first function generator is used to produce desired fraqigs. Function generator is connected
to CRO as well as one mike with the help of speaker system kspagstem is used to produced
and maintain sound intensity sufficiently loud). This mikeds waves in all direction. There is one
another sensor mike kept at each and every point on the ntatnixected to the CE amplifier.

CE amplifier amplifies all the frequencies as noise also gelified with this amplifier. To avoid
noise amplification and to get desire frequency only band fiier (BPF)is used. Output of CE
amplifier connected to input of BPF. Most important featuf®BF is that it passes only selected
frequencies which are in its pass band. We have design BPF6RZISA), 480Hz(NI). Further BPF
is connected to CRO and CRO shows peak to peak amplitude eftedl waves which we measure
in our observations.
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5. PHOTOGRAPHS

Before renovation

After renovation
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Before renovation

After renovation
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After renovation
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6. COMPARISON BETWEEN GRAPHS FOR FREQUENCY RESPONSE OF AUDITTO-
RIUM BEFORE AND AFTER RENOVATION

Frequency Response For 'SA'

2533544555565.577533,5

X Axis

(Aflter renovation}

B0
m
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Frequency Response For 'PA'

883
1152253354155551565775

Xhis

Freguency Response For ‘PA°

(After renovation)
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Frequency Response For ‘NI

. |

im0

7 55 885
12533544553.;665775
X Axis

Frequency Response For NI
{After renovation)

Py S o
2117189 51

7. RESULT AND DISCUSSION

In the view of auditorium before renovation there was nodaisiling therefore volume was bigger.
There were only three speakers mounted on the longer sidisl Wairing renovation false ceiling

was constructed and three arrays of siz speakers mountesllimycThuse the effective volume of
hall has reduced significantly.
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Effect of renovation reflects in our study as in entire auititm frequency response is fairly uni-

form for all the frequencies we studied (Sa, Pa, Ni) whichdsoading to acoustics, sign of good
auditorium.

8. ACOUSTICSFOR TEMPLE

Now as a application part of our study we check acousticsrpte.

Above photograph shows temple of Goddess “JOGESHWARI”. plenis situated at ‘KOT-
WADE' in Ratnagiri district (Maharashtra). We select théaiple for our study due to dome structure
of this temple. There are 3 domes present. In 1st dome stafugsddess Jogeshwari is situated.
In 2nd dome cultural programs are conducted. And dome 3 isalef that temple where sitting
arrangement for people have done during cultural program.
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9. GRAPHS FOR OBSERVATON OF TEMPLE

Dome 1

7
XY [056[1.12]168[ 224 28 2
05616 2 | 2 | 08| 08 ®
102]16 |12 2 | 14]12 1
1382631 ] 3 [12]24 8
224|148 112 2 [08] - 2
281213 [28] 16 ;

Graph and observations shows reponse of frequency for éeimplome 1. It is graph of ampliture
of sound intensity against position. X-axis for legnth,xysafor breadth and z-axis for height of
dome 1. For dome 1 frequency response is fairly uniform feqdiency ‘SA'.

Dome 2

KN (05 1 [15]2[25] 3 ¥
05| 42 [24[8]-[14 6 =

1162282 [2]24)|26 5 =3
1595 [08[48 [ 16] 4115 4

210614 218 14 3
25 [ 3 [ 2 [14(12)26 | X4 2

Graph and observations shows response of frequency foteaémgiome 2. For dome 2 frequency
response is almost uniform for 'SA.
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Dome 3

)
X105 [ 1 |15 ] 2 [25] 3 6
05|26 [12 |14 | 2 [24 18| 5

4
3
2

i |24 [12 |18 [16 [ 1 | 14

152836261 [3 [ .|
2 | 3 | 2411 [14]18] -
25|38 | 2 [26 |16 |18 | - 1

Graph and observations shows response of frequency foteaémgiome 3. For dome 3 frequency
response is almost uniform for ‘SA.

10. RESULT AND DISCUSSION

Dome structure is the special characteristics of traditieemple. In old era modern techniques of
acoustics were not available but still these building wemestructed with good acoustics. The study
shows that frequency response is almost uniform over thoaeed especially for the middle dome.

We conclude that cultural programs of temple must be comdlict middle dome (dome 2). Itis
also confirmed with the local people that the programs ardwcted in the middle dome.
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Abstract.

The present paper talks about the effect of static magnetic field orttyafvplants. Experiment was con-
ducted on pea plants (selected due to its availability and fast growth) andatieetic field was produced by
two circular permanent magnets. There were two parameters mdabeight and girth of the plant. As a
record, it was found that the growth rate of plants under magnetic fieidlighthan the controlled plants. The
comparative result was analyzed by the means of average values.

1. INTRODUCTION

Over many years, numerous experiments on the effects ofetiadield on plant growth have been
performed with seedlings of different plant species planestiatic and alternating magnetic fields. In
both cases the magnetic exposure disclosed the stimulaflrgnce on the growth (parameters such
as germination rate, growth rate and yield of the plant [[le8plants. Similar results were found in
higher areas of study such as significant enhancement afble issue mass, assimilatory pigments
level as well the chlorophyll ratio, average nucleic ac&lel, increase of the average plants length
(exception: the dry substance mass accumulation) [2]. Alsas found that the difference in
growth rate between treated and control plants decreasedthé field was removed [1]. The
removal of the magnetic field also weakened the plant steggesiing the role of magnetism in
supplying plants with energy [3].

2. RESEARCH METHOD
2.1 Design of the Experiment

Already germinated seeds (6) of Pea were chosen as sulmjettslly the effect of magnetic field on
growth of plants. The value of magnetic field (for the samplgmugh unknown, was kept constant,
during 11 days. Two circular permanent magnets of diamegecrh and width 1 cm, procured from
speakers, were used to induce magnetic field around the samphe two magnets were kept at
a distance of 6 cm. In this experiment, growth refers to hedgidl maximum girth attained by the
plant at that height. In order to measure the height of thetlglts, threads were tied on the plumule,
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just above the point of intersection of radical and plumafesach germinated seed to indicate zero-
mark. All the plantlets were kept under same environmemtatitions, like temperatur@¢iesC +

0.54¢e), sunlight, and type of soil and were supplied with same amofiwater (20 ml). Heights
and girths of the plants were measured with the precisionmifriland 0.02 mm respectively.

2.2 Tools Used
e Vernier Calliper with precision of 0.02 mm; to measure th#gof the plantlets.
¢ Ruler; to measure the length of the threads.

3. OBSERVATIONS

On Day | the bud of third plantlet (under the influence of magriéeld) was accidently detached.
Hence, the readings of this plant were not compared to thialtad plants.

Plant |
=f=Flant Il

Height {in cm)

s Plant 1l

Number of days

Figure 1. Height of plants under the influence of magnetic field.

4. ANALYSIS OF OBSERVATIONS

The set of data showed that the plants under the influence gihetia field grow taller (measured
by the height of the plant) and healthier (measured by ttk gfrthe plant). For instances, the mean
height of the plants on day 2 was 4.95 cm in the samples wh&8asm in the controls, also the
mean maximum girth attained by the plants on day 2 was 1.98 mtine samples whereas 1.33
mm in the controls. Perhaps, the analogy, as shown in thehgrggwoposes that the plants under
magnetic field grew better.
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It may be explained by this- that the polarity of magnetiafi@irange the ions in the plants in such
a way that the growth is rapid. It is also to be observed thaiptant whose bud was accidentally
detached took three days to recover and start growing atlanyein.

18

&
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]
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Figure 2. Height of plants NOT under the influence of magnetic field.
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Figure 3. Girth of plants under the influence of magnetic field.
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Figure 4. Girth of plants NOT under the influence of magnetic field.

5. INFERENCES

The above experiment inferred that, initially, the growfhttee plants under the influence of mag-
netic field accelerates. At later phase, these plants red@alhibitory effects on the growth. Thus,
magnetic field affected the growth of plants as shown by #teircture, that is, height and girth. No
inimical effects of static magnetic field on the growth ofmikwere observed.
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Abstract.

The following paper outlines the techniques and requirements of Ultravi@leitoelectron Spec-
troscopy(UPS). The different vacuum condition and instrumentatieraso studied extensively. UPS is uti-
lized to study the valence band of polycrystalline Silver (Ag) sample andifegtge is obtained experimentally.
The experimentally obtained data matches theoretically to a good extent.

1. INTRODUCTION

The photoelectric effect provides the backbone of Ultrti®hotoelectron Spectroscopy (UPS)
study. In the photoelectric effect, electrons are emittechfmatter (metals and non-metallic solids,
liquids or gases) as a consequence of their absorption ofefrem electromagnetic radiation of

very short wavelength, such as visible or ultraviolet radim Electrons emitted in this manner

may be referred to as photoelectrons. First observed byrideillertz in 1887, the phenomenon

is also known as the Hertz effect. The photoelectric effequires photons with energies from a
few electron-volts to over 1 MeV in high atomic number elese®tudy of the photoelectric effect

led to important steps in understanding the quantum natuligtd and electrons and influenced

the formation of the concept of waveparticle duality.[1]eTfirst part of the paper discusses the
fundamentals of photoelectron spectroscopy along witlirtsteumentation involved in the process.
The last part of the paper consists of photoemission exgetion polycrystalline silver sample and

its analysis.

*souvanik_hui@yahoo.com
Tsekhar@iopb.res.in
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2. BASIC CONCEPTSIN PHOTOELECTRON SPECTROSCOPY

The photons of a light beam have a characteristic energyoptiopal to the frequency of the light.
In the photoemission process, if an electron within someertatabsorbs the energy of one photon
and acquires more energy than the work function (the eledinading energy) of the material, it is
ejected. If the photon energy is too low, the electron is im#ab escape the material. Increasing
the intensity of the light beam increases the number of ptwitothe light beam, and thus increases
the number of electrons excited, but does not increase #rgethat each electron possesses. The
energy of the emitted electrons does not depend on the ity@fithe incoming light, but only on the
energy or frequency of the individual photons. It is an iat¢ion between the incident photon and
the outermost electron.Electrons can absorb energy fratopk when irradiated, but they usually
follow an "all or nothing” principle. All of the energy fromree photon must be absorbed and used
to liberate one electron from atomic binding, or else theg@nes re-emitted. If the photon energy
is absorbed, some of the energy liberates the electron fneratbm, and the rest contributes to the
electron’s kinetic energy as a free particle. The kinetiergy of ejected electrons is given by

KE=hf—-BE —¢ Q)
The maximum kinetic energy of an ejected electron is given by

Hereh is the Plancks constant arfdis the frequency of the incident light or photon the tepiis
the work function. Work function satisfies the formula

v =hfo 3)

Where f is the threshold frequency for the metal. From Eq.(1) andv@)an say that the kinetic
energy and velocity of the photoelectron only depends upeuwlifference of incident photon energy
and the work function.

Thus UPS technique provides the scope to study the bandwstwf a given metal by observing
the energies of emitted electrons when the metal is radigithdphoton source of sufficient energy.

2.1 Satistics Of Electron

From the theoretical analysis we know that electrons armiess and they obey the Fermi- Dirac
statistics. According to the Fermi Dirac statistic the agernumber of fermions with energycan
be found by multiplying the"" D distributionn; by the degeneracy; (i.e. the number of states with
energys;), is
n(e;) = gin; = % (4)
elei—p)/kT 4 1

So, the distribution of photoelectrons emitted in UPS stiallide by Eq. (3).
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3. INSTRUMENTATION

In any experimental photoemission system the three mo#t beguirements are a photon source,
detector to collect the outgoing photoelectrons and aifaddr cleaning and moving the sample. In
this subsection we briefly mention the generalrequiremiarteyms of sample preparation, electron
energy analysers and photon sources [2]. The high degregfate sensitivity in photoemission
means that the ability to control the cleanliness and degieeystallinity is of major importance.
Obviously this requires ultra-high vacuum techniques aregsures of arount)—10 — 10~ torr.
Clean surface can be obtained by sputter cleaning the susfasample.

3.1 Sputter Gun (Argon ion)

Sputtering is a process whereby atoms are ejected fromataafjet material due to bombardment
of the target by energetic particles. The incident ions Hatallision cascades in the target. When
such cascades recoil and reach the target surface with agyegiaove the surface binding energy,
an atom can be ejected.The source material is called thettangl the emitted atoms or molecules
are said to be sputtered off. Sputtering is very necessaitycésans the surface of the sample of
any impurities that may have been there due to contact witlidghm environment. To achieve the
above vacuum condition (i.e. UHV) we have to use collectibthcee vacuum pumps connected in
such a way to the analysis chamber that UHV is achieved.

3.2 Vacuum Pumps

Mainly three types of vacuum pumps are used in series toaetiie condition for UHV. These are
Oil sealed rotary pump, turbomolecular pump and Sputtepiamp.[3]-[4]

1 Oil Sealed Rotary Pump

This is the most widely used to establish the necessary faceum for high vacuum pumps. The
simplest vane pump is a circular rotor rotating inside ofrgdacircular cavity. The centers of these
two circles are offset, causing eccentricity. Vanes am@adt to slide into and out of the rotor and
seal on all edges, creating vane chambers that do the pumpitkg On the intake side of the pump,
the vane chambers are increasing in volume. These incgeeslimme vane chambers are filled with
fluid forced in by the inlet pressure. Often this inlet pressis nothing more than pressure from
the atmosphere. On the discharge side of the pump, the vamebehs are decreasing in volume,
forcing fluid out of the pump. The action of the vane drivesthetsame volume of fluid with each
rotation.
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Figure 1. A oil filled rotary pump.

Multistage rotary vane vacuum pumps can attain pressuresvass 103mbar (0.1 Pa). Pumping
speed s = 2V n, where, V is the volume between vanes A and Bhe isumber of rotation per unit
time.

2 Turbomolecular Pump

Most turbomolecular pumps employ multiple stages comgjsdf rotor/stator pairs mounted in se-
ries. Gas captured by the upper stages is pushed into the $t&ges and successively compressed
to the level of the fore-vacuum (backing pump) pressure. hssgas molecules enter through the
inlet, the rotor, which has a number of angled blades, hastblecules. Thus the mechanical en-
ergy of the blades is transferred to the gas molecules. \Wishnewly acquired momentum, the gas
molecules enter into the gas transfer holes in the statds.|@ads them to the next stage where they
again collide with the rotor surface, and this process idinaad, finally leading them outwards
through the exhaust. Because of the relative motion of andrstator, molecules preferably hit the
lower side of the blades. Because the blade surface looks,dmst of the scattered molecules
will leave it downwards. The surface is rough, so no reflectidll occur. A blade needs to be
thick and stable for high pressure operation and as thin ssille and slightly bent for maximum
compression. For high compression ratios the throat betwadg@cent rotor blades is pointing as
much as possible in the forward direction. For high flow raétesblades are at 45 and reach close to
the axis.Ar,Ne,He can be removed efficiently with the helthig pump.In Turbo pump the narrow
clearence between rotor and stator is about 0.02mm.theipgrepeed of rotor is 60000 rpm. The
turbomolecular pump can be a very versatile pump. It canrgémenany degrees of vacuum from
intermediate vacuum 104mbar(102Pa) up to ultra-high vacienrels 1010mbar(108Pa).
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Figure 2. A turbomlecular pump.

3 Sputter lon Pump

The pumping action of sputter-ion pumps is based on sorptiocesses that are initiated by ionized
gas particles in a Penning discharge (cold cathode disehafdne ions impinge upon the cathode
of the cold cathode discharge electrode system and sphterathode material (titanium). The
titanium deposited at other locations acts as a getter fiinealsorbs reactive gas particles (e.qg., ni-
trogen, oxygen, hydrogen). The energy of the ionized gagcfes is not only high enough to sputter
the cathode material but also to let the impinging ions pateteeply into the cathode material (ion
implantation). This sorption process pumps ions of all gypecluding ions of gases which do not
chemically react with the sputtered titanium film, i.e. ntgimoble gases. The above arrangement is
used to produce the ions: stainless-steel, cylindricaflasare closely arranged between, with their
axes perpendicular to, two parallel cathodes. The catharmest negative potential (a few kilovolts)
against the anode. The entire electrode system is maidté&ing strong, homogeneous magnetic
field of a flux density of B= 0.1 T, (T = Tesla = 104 Gauss) prodlibg a permanent magnet at-
tached to the outside of the pumps casing. The gas dischesgaqed by the high tension contains
electrons and ions. Under the influence of the magnetic fleddetectrons travel along long spiral
tracks until they impinge on the anode cylinder of the cqrossling cell. The long track increases
ion yield, which even at low gas densities (pressures) icgifit to maintain a self- sustained gas
discharge.
Genarally, vacuum of about 104mbar to 108mbar is createwuisis pump.
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Figure 3. A sputter ion pump.

3.3 Source For UV Radiation

Commonly used UV line have energies in between 16.6 to 40.8\ad for these the favourable
ionization sources are Ne 1(16.6eV),Ne 11(26.8eV)and k24 12eV),He 11(40.8eV). These lines are
produced by cold cathode capillary discharge. They aregbenance fluorescence produced when
the gas is excited in the discharge and the anode decaysdisigtound state.

llight emitted from neutral atoms

[llight emitted by singly ionized atoms

The resonance line produced by transition from the firstteg@tate to the ground state is usually
the most intense (called raieul time). He | line is at Asdr 21.22eV and He Il line at 304 or
40.8eV.

3.4 Electron Energy Analyser

A concentric hemispherical analyser (CHA) is used to meaasioe energy of the photoelectron
during the study. The CHA is also called the spherical seamaityzer and the spherical deflection
analyzer. It was the type of analyzer chosen in the earlegt df UPS as the most suitable for that
technique, and it has remained so ever since. The basic foanChlA consists of two hemispheres
of radii Ry (inner) andR; (outer) positioned concentrically. Potential’; and—V; are applied to
the inner and outer hemispheres respectively, Witlgreater thari; . The medium equipotential
surface between the hemispheres has radius Ro, and the sbara focus F are collinear with the
centre of curvature. The potentiall;, along the median surface is
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_ (VIR1+V2R2)
Vo = Y E— %)

If electrons of energy = E'v, are injected tangentially to the median surface at ragtiythey will
describe circular orbits of radiug, and will follow the equation

v n((2)-(2)

And the relative resolution is
AE(, 7'('2T2
B\ 2 ")

whereg is the semi-angular acceptane of electronsArisithe transmission of the instrument.

Spherical Capacitor
Encrizy Analyzcr

Figure 4. CHA.

Usually, a retarding mesh or gri is added in front of the ertedto retard the electrons to the same
pass energy. The CHA helps us in obtaining the plot of Intgnsi. Binding energy.

4. EXPERIMENT

The experiment was done on Polycrstalline silver samplk thi¢ help of Ultraviolet photoelectron
spectrometer Omicron at Institute of Physics, Bhubanes®@ample was sputter cleaned by IQE
11/35 sputter gun in the preparation chamber. Parametéksyoh ion gun during sputtering pro-
cess:
Pressure(preparation chamber): 4.5e -5 mbar
Energy: 3 Kev
Time of sputtering: 15 min

After sputtering the sample for about 15 mins under the albownelition the sample is then trans-
ferred to the analysis chamber with the help of the moving B4 125 concentric hemispherical
analyser was used to collect the photoelectrons. The posifithe sample is then calibrated with
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respect to the UV source , so as to get the optimized resultfihere the maximum intensity is
obtained). After the optimal position is obtained the ekpent was carried out under the following
parameters, and the readings are taken.

Base pressure: 2e 10 m bar(UHV)

Working pressure: 1.3e-7 m bar

Temperature: 300K

He 1 source energy: 21.2 eV

Note: Base pressure is the pressure of the analysis chamatoge tighting of the ultraviolet lamp.

5. RESULT AND DISCUSSION

Figure (5) shows the valence band photoemission spectitvef Ag) sample with binding energy
along X axis and intensity along Y axis. The left side of zera4 axis is taken to be positive and to
the right is taken to be negative.

Figure 5. Binding energy vs. intensity.

Fig. (5) shows that at 0 eV binding energy there is a step inrttemsity. The dotted line near
the zero binding energy gives us the Fermi edge for the Ag Eathat we have taken. Figure
(6) shows the Fermi edge more clearly. Fermi edge seems Bkepafunction. This step function
shows that electrons obey Fermi-Dirac statistics i.e. Tisteidution of electrons in the valence band
depends on the temperature. Hence as we increase the teun@éha step goes on broadening due
to thermal fluctuations. According to the Fermi Dirac statssthe average number of fermions with
energye; can be found by multiplying the FD distributier by the degeneraay; (i.e. thes number
of states with energy), is given by Eq.(3).

This shows the dependency of the no. of fermions with energgda temperature dependency
as per the above formula. Hence the electrons are half aitegin particles which obeys Fermi
Dirac statistic (they are fermions). From Figure (7) thetdieas seen between OeV and 7.8eV is the
valence band of silver. The features between 3.8 eV-7.8 @vpases the 4d orbital of silver.
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Figure 6. Fermi edge.

On the other hand the features seen between the region OeMi(Egge) to 3.8eV is due to the
5s and 4p orbitals. The region below 7.8eV is the secondaryséon.

Figure 7. Binding energy vs intensity.

The valence band configuration of silver atom is 4d10, 5slackmmmodate these 11 electrons
six bands are required as electrons obey Paulis exclusiooipe. Five bands lie in a relatively
narrow range of energies from about 4 to 6.5 eV below Fermiggnand a sixth within an energy
anywhere from about 7 eV above to 9 eV below Fermi energy ashseretical band structure
calculation. So, we expect higher density of state in a maramge 3 to 5.5 eV below Fermi energy.
Our experimental spectra shows 5 peaks with higher denkgtates from 4 - 6.5 eV (two narrow
peaks at 5.5 eV and 6.2 eV) due to the contribution from 4d b@hd lower density of state from 4
eV to Fermi energy which corresponds to the 5s band is alstdfolihus our experientally obtained
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spectra matches with the theoretical calculations. Frogatiove discussion it is clear that the
electron is a fermion which obeys the Fermi Dirac statistid aulis exclusion principle. This

is in accordance to the theory where the electrons are takba fermions. So from the study of
the above experimental results we can say that ultravidletgelectron spectroscopy is a powerful
technique to study the valence band of metals.

6. CONCLUSION

In this article, | have attempted to overview the basic phesma instrumentation and working of
UPS. The use of UPS in extracting the valence band of meka&silver is discussed in detail. The
valence bands and the Fermi edges are in good accordancthevitieoretical bands.
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Abstract.

Over the years theoretical physicists have tried to explain the origin obhagymmetry but the topic of
baryon asymmetry still remain mysterious to all of us. | have attemptedgiaiexthat what we call baryon
asymmetry may as well be the matter dominant region of our observablerse, with antimatter dominant
region residing beyond our future visibility limit having no interaction with therfer.

1. INTRODUCTION

Generations of physicists have well established one faouthh their theories that nature loves
symmetry, yet the issue of baryon asymmetry remains baffbtrgpsmology. The complete dom-
inance of matter over antimatter in our observable univeReseengaged physicists for long time.
Though it may seem trivial but the very fact that everythimguad us in our observable universe
exists provides the evidence of Baryon asymmetry. Accgrdincosmology, big bang produced
equal amount of matter and antimatter (even if it starteth witme net baryon asymmetry then any
asymmetry of this type would have been diluted during cosniiation as suggested by cosmic in-
flationary model thus maintaining a symmetric universediinitial condition). From our laboratory
experiments we know that matter and antimatter annihilatmteraction but the situation is rather
different in present observable universe and here therbdes no annihilation catastrophe indicat-
ing the absence of antimatter. Further Direct and Indiréseovations have rule out the possibility
of antimatter in our observable universe [1-3].

Those who are trying to find the answer of this puzzle prefelldso in accordance with the
well defined Sakharov conditions given by Andrei Sakharowwhve three necessary conditions
that a baryon generating interaction should have to undBeggogenesis (which is a hypothetical
process that occurred at some time in early universe andamasdstablished as the cause of baryon
asymmetry in present scenario). These three necessarifionsdre [4],

1. Baryon number violating process

*guptanishant.1993@gmail.com
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2. C and CP violation
3. Deviation from thermal equilibrium

As a result of conditions mentioned above a small imbalandbe quantity of matter and anti-
matter was established since some antimatter particleseded to matter particles and thus after
mass annihilation the observable universe consisted ofljas residual matter that survived the
annihilation.

1.1 Baryogenesis within standard model

Although the standard model conserve baryon number buhibeaviolated under quantum effects.
The process that can accommodate such anomalies is callate8m process which has never been
observed experimentally but theoretically it is plausillarough a quantum tunneling process, the
system can move to a different vacuum substate which haserorbaryon number. In such process
Lepton number L and Baryon number B are not conserved sebatatt the quantum number B-
L is. This tunneling is suppressed at energies/temperateimv 10Tev (the Sphaleron mass) and
occurs at high temperature which would have been only plesisitearly universe.[5]

C violation was first demonstrated in the decay of muons atichamons and the experimental ob-
servation of CP violation is also confirmed in the decay oftr&# K mesons and reactions involving
weak interactions [6].

Interactions outside thermal equilibrium can be achievednd the spontaneous electroweak
symmetry breaking that occurs in first order phase tramsitiche cooling early universe such as
Electroweak Phase Transition (at T=100Gev) where it isi@dmut at the boundary of the early
universe in which symmetry is broken.

In spite of the standard model incorporating all the Sakhaomditions it cannot be taken as the
final model of Baryogenesis because of few drawbacks suchaaghe CP violation in the weak
interaction is not enough to account for the present barggmanetry and secondly for electroweak
phase transition, there must be a new undiscovered pabidigles the Higgs boson which must
be relatively light and have quite large couplings to thedsidield. This hypothesis along with
Sphaleron process is not experimentally concluded andstaliem in foreseeable future is out of
reach.

The other proposed models like GUT Baryogenesis, PLANCK/8genesis, Affleck Dine mech-
anism, Leptogenesis require experiments involving higérgies that are not feasible and possible
to recreate in laboratory and therefore the experimentadfpof these models have yet not been
possible. So at present it is safe to say that there are ngrotlif conclusive theories giving us
insight into this asymmetry.

In this paper | propose the change in perception towardsobaagymmetry. It could very well
be that till today nature has zero baryon number and equaliars@f matter and antimatter. The
fact that we see only matter in our observable universe cagxpkained with the help of cosmic
inflation , which could have caused the antimatter regiomes$iode out of our observable universe. In
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section 1.1 and 1.2 | have briefly mentioned about the obbkrwmiverse and value of asymmetry
respectively. Section 2 contain theory and also includerérices that can be drawn from Cosmic
rays and annihilating gamma rays which provides experiadsuipport to the theory. In section 2.2
| discuss the role played by theory of relativity in prevagtany detection of signals from antimatter
domain.

1.2 Observable universe

The observable universe is a term referring to the volum@ads that we are physically able to see
or detect from the Earth. It forms the tiny portion of univerghereas rest part of universe we are not
physically able to see simply because light travelling fribviam hasnt reached us yet. Observable
universe forms a spherical volume and the distance fromahé & the edge of observable universe
is same in all directions. The region beyond observableans@sis considered casually unconnected
to observable universe. The diameter of the observablersgvs estimated to be 28 billion parsec
(93 billion light years) putting the edge of the observabieserse at about 46-47 billion light years
[7]. The universe according to theoretical calculationahisut10?3 times the observable universe
owing its size to the inflationary model of big bang [8].

1.3 Measure of asymmetry

The Baryon Asymmetry of Universe (BAU) can be defined as tifferdince between the number
of baryons NB and anti-baryons NB divided by their sum (orehé&opy ) just before antiprotons
disappeared from the primordial plasma. Since the end gtedd annihilation processes are mostly
photons and there are no anti-baryons in the universe tduaBAU can be estimated by the baryon
to photon ratio.

It can be determined independently in two different wayst firom the abundances of light
elements in the Inter Galactic Medium (IGM) which can be ghted by solving network of Boltz-
mann equations for a given and secondly from the power gpaatf temperature fluctuations in the
CMB since the acoustic oscillations of baryon photon plaaneasensitive to and cause changes to
the height of peaks in power spectrum. Both consistentlg galues~ 10719 (precise value being
6.176 + 0.148 x 10710 [9].

2. ANTIMATTER OUTSIDE OBSERVABLE UNIVERSE

The small value of asymmetry and the fact that gamma ray plsaiblarge magnitude from annihi-
lation of matter and antimatter has not been detected cawglouat for the separation of antimatter
domain from matter domain over large distance with formeidiag out of observable universe
keeping the total baryon number of the universe as consenB=0, in which case these homo-
geneous domain could be separated by walls filled with riagistonly. According to inflationary
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cosmology there was a time in early univer$e (> to 1032 seconds after the big bang) where the
universe underwent rapid expansion caused by negativeypeegacuum energy and expanded to a
factor of approx.107® in volume. This theorized expansion is called cosmic irdtatind that epoch

is known as inflationary epoch. Any initial baryon asymmefgresent prior to the inflation would
have diluted because of the rapid expansion.

At the end of cosmic inflation universe whose size was smédtive to the present scales was
roughly divided into two regions, one was matter dominated @ther was anti-matter dominated,
the chances of which are very high given the scale of asymnymatboth of these regions asymmetry
was of the order of0~1°. (Imaging the universe at that time as an ellipse, inneoregf which is
matter dominated and outer region i.e. at periphery antendbminated) (shown in the figure:1)

Antimatter dominated
region with Baryon
asymmetry of order 10410

* Matter dominated region
with Baryon asymmetry
of order 1010

Figure 1. Distribution of early universe after cosmic inflation.

At the boundary separating these two domains there stilbbstant annihilation due to some of
the matter and antimatter interaction but the density airttexface between two domains would
remain constant due to simultaneous pair production ptegthe diffusion of any new matter or
antimatter particles from their domains in the interfacie.c8 the properties of matter and antimat-
ter are same therefore each of these regions would havegordesame phase transition and state
transformation (such as conversion of quarks and antikguato baryon and anti baryons, constant
annihilation and pair production in both of these regions fammation of hydrogen and anti hydro-
gen nuclei. At about 10-6 seconds after the Big bang temperatropped down to a critical value
and was no longer high enough for pair production so a masghitation followed and we got re-
gion totally containing matter and another region contajrantimatter. This era is called as hadron
epoch. As shown in [3] the uniformity in Cosmic Microwave Rgoound rules out any voids and
leads to conclusion that matter and anti-matter domaing e been in touch at least between
the times of recombination epoch to the onset of structuradtion. After the structure formation,
the matter and anti-matter domains may have been sepanatedfiziently large voids to suppress
annihilation at the domains wall and avoid a detectable gamay flux [9] .As the expansion con-
tinued all the anti-matter would have shifted out of obskleaniverse and thus what we account as
baryon asymmetry in our observable universe could prettylvegust the matter dominated region.

Ifitis to be believed that all the conservation laws holdtfor both matter and antimatter and that
symmetry is the underlying principle of Nature than one nagshit that somewhere there should be
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antimatter that balances the matter existing in our obsésBut if the Antimatter domain is of the
scale of galaxies or galaxy cluster, we may detect Antim&tesmic Rays (CR) coming from the
nearest domains in universe. If this is true than the parmnuétBAU calculated in early universe
represents the value of local fluctuation in the quantity after and antimatter in that epoch.

2.1 Inference from Experiments
1 CMB Distortions and CDG Spectrum

The annihilation produced during the period of Recomboraind non linear structure formation
leaves distinguished marks in two forms first the distoriiothe CBR spectrum which is caused
by the annihilation electrons of energy about 320 MeV whichtters some of the CBR photons
to higher energy and these same electrons also affects dlotrem by heating the medium, Sec-
ondly the annihilation photons from that time would thougtred shifted will still contribute to the
Cosmic Diffuse Gamma Ray Flux (CDG).

The conservative estimate of the relic CDG flux far exceedrigasured value and therefore
B=0 universe with domains smaller than a size comparableaiodf the observable universe is not
possible [3].

2 Annihilation Gamma Rays Probing

The most useful probe of antimatter is the annihilation gamays. But since gamma rays do not
provide a unique signature of annihilation, it is thereforest reasonable to use the gamma-rays
observations simply to set the upper limits to the annitbfatate and hence derive upper limits to
the possible anti-matter fraction.

The absence of annihilation gamma rays which would have esgtted as a result of interaction
when the solar wind sweeps the whole solar system strongtyiaes the presence of significant
amounts of anti-matter in the solar system [1].

Any anti-matter initially present in the diffuse intergéelmedium would have long since anni-
hilated before the galaxy is formed (due to the collapse abtopgalactic gas cloud); because the
annihilation time is always shorter than the collapse tisma eesult of this any antimatter present in
the galaxy formed wouldnt survived to the present epochs $aime can be assumed in general for
all the galaxies. The observed Galactic gamma rays indijrictit the ratio of antimatter to matter
in the Inter Stellar Medium (ISM¥ 10~ [1]. The observed X-ray flux from the cluster of galaxies
produced as a result of two body collisions would ensure tbdyxtion of high energy gamma rays
because of the matter and antimatter annihilation if thesea-cluster gas in these clusters contain
the fraction f of this antimatter mixed with the matter. Théa of F to Fx provides an upper bound
to f where [1]
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F, and F' being x-ray flux and -ray flux respectively is the distance to the cluster,is the
volumeTy = T/108K.

The observations limit the fraction of mixed matter andmatiter on the scale of cluster of galax-
ies to be smaller thafi < 1% x10~%[10]. For galaxy cluster such as Perseus the antimatteidrac
is found to bef < 9 x 10~? and for Virgo cluster the upper bound ff< 5 x 10~? is derived. For
larger scales of the Coma and Ophiucus clusters the camgtrai 3 — 4 x 1078 is derived. The
upper bound of antimatter fraction for all 55 galaxy cludeads to the conclusion they are likely
to consists entirely of matter thus inferring that if there significant antimatter dominated regions
in the universe they must be separated from matter domimatgdns on scales greater than the
Mega parsec scale of cluster of galaxies.

The possibility of antimatter galaxy clusters is studietlgh the annihilation gamma rays which
are emitted when matter and antimatter clusters (known #igtBuusters) collides. Observation
limits the antimatter fraction tgfy,ue: < 3 x 1076 suggesting that regions of antimatter in the
universe should be separated from the regions of ordinatientay distances of the order of tens of
Mega parsec [11]. Further studies of bullet clusters wilptie probe these scales in the future.

3 Cosmic Rays

The fraction of positrons and anti-protons present in cosays is the only primary source of anti-
matter found outside the laboratory to date, but given tieddtively low pair creation threshold, they
can be generated by various astrophysical process and dhusxgst in universe made entirely of
matter. Now according to our understanding although thgiroof Cosmic Rays is yet unidentified,
but it is known that these CR sweeps through all the galaxgtets and hit us from all the sides.
Since the possibility of producing heavier anti-nuclei wsmic rays by collisions is completely
negligible the existence of heavier anti-nuclides wouldfom the traces of anti-matter within our
galaxy but an upper limit on the flux ratio of anti helium toibiet of < 1.1 x 109 in the rigidity of
1to 140 GV is established and no anti helium nuclei was fodindihgs done by Alpha Magnetic
Spectrometer (AMS)) [12] concluding that there is no antiereon the large scale of galaxies and
clusters.

Besides these, there have been ongoing searches for tiotialetsf theoretical Weakly Interact-
ing Massive Particles (WIMPS) which interact through gnavind weak force and is one of the
contenders of dark matter [13]. Now from Dirac theory we caedict the existence of Weakly
Interacting Massive Anti Particles (WIMAPS) but the facttthizey do not interact with the elec-
tromagnetism ( which prevents them from seeing directlyd da not react strongly with atomic
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nuclei makes them very hard to detect experimentally [B}][TThe detection of WIMAPS along
with WIMPS will provide great insight into the antimatter soe in the observable universe but
the experimental non-confirmation will give basis to theotlyghat antimatter domain reside out of
observable universe.

2.2 Role Played by Theory of Relativity

UNIVERSE BEYOND
OBSERVABLE UNIVERSE
WHICH CONTAINS
ANTI-MATTER

FUTURE VISIBILITY
LIMIT

OBSERVABLE UNIVERSE
CONTAINING ENTIRELY
OF MATTER

Figure 2. State of the universe after undergoing million years of expansion.

Special relativity constraint objects in the universe froraving faster than the speed of light with
respect to each other but General Theory of Relativity gawetheoretical constraint on changes to
the scale of space as a result of which two stationary obggaibjects moving at speed below that
of light are able to become separated in a space by more thatistance light could have travelled
between them suggesting that objects travelled faster gspard of light [16][17]. According to
Hubbles Law velocity of a cosmic object is proportional te ttistance of it from the point of
observation. Thus farther the distance greater is the ¥glo¢herefore in our universe regions
sufficiently away from us are expanding much faster than peed of light and this expansion
appears to be accelerating due to the presence of dark enkérthe magnitude of dark energy
remains constant, there is a future visibility limit beyomkich objects will never be observed from
earth [18][19].This future visibility limit is calculatetb be at a comoving distance of 19 billion
parsecs from the point of observation i.e. Earth.[20] Adawy to the theory if anti-matter domain
is sufficiently away from the point of observation then duehe expansion of the universe light
from them will never enter in the future visibility limit ohe observable universe (as shown in the
figure: 2) thus excluding the possibility of observing oredting any anti-matter and the newly
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created annihilation radiations from the interaction ofterawith anti-matter

3. CONCLUSION

The data from Cosmic Microwave background and diffuse Gamaaspectrum enables us to infer
the fact that anti-matter and matter domain must be of sirganable to observable universe which
agrees well with the theory and as our current observableetse is composed of matter hence by
all means there is a possibility that outside our observabigerse there exist domain of antimatter
of the size comparable to our observable universe.

The annihilation gamma rays prove to be a valuable assensti@ning the amount of antimatter
in our observable universe. The measure of gamma ray flux fromy emitting galaxy clusters and
bullet clusters provide with the scale that matter and aaiien domain should be separated which
is of the order of mega parsec. The fact that universe is alipgrwith the speed greater than
that of light puts restriction on our experimental abikti® detect any signals from this anti-matter
domain. Therefore one should not deny the possibility of@nee of anti-matter in large parts of
universe which are yet to be explored. The detection of Weklmteracting Massive Anti Particles
(WIMAPS) with the help of several direct and indirect expegits will be path breaking in giving
support to the theory of anti-matter domains outside thewfble universe playing an important
role in solving the mystery of baryon asymmetric universe.
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Thermal Wind-Tree Models
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Abstract.

We consider the well-known Wind-Tree model where the speed of thilearis Maxwellian distributed.
For these models, which we call as the thermal wind-tree model, we fibththdistribution functions relax to
equilibrium values asexp(—at?) ast — oco. For short times, the behaviourds —t.

1. INTRODUCTION

The fundamental problem of statistical physics is relatedrtderstanding the approach to equilib-
rium. One needs to invoke the hypothesis of molecular chstosgzahlansatz), illustrated beauti-
fully (for instance) in the case of Kac's ring [1]. The otheode! of great interest and didactic value
is the Wind-Tree model introduced by the Ehrenfests [2]sThodel consists of a two-dimensional
gas in which the particles (“wind”) are distributed homogeusly in space at a tinte and, scatter-
ers (“trees”). On scattering from the trees, the directianghich the particles can move are labelled
anticlockwise: O(east), 1(north), 2(west), 3(south). $batterers are square-shaped (sidelength,
whose diagonals lie in the initial direction of motion. Theme distributed randomly in space. Ow-
ing to these simple dynamical rules, this model is compjadeterministic. The wind particles do
not interact among each other. Let us denote the number af particles ar moving in direction
¢ at timet¢ by F;(r,t). For obtaining the equation of motion for evolution Bf(r, t), we need to
incorporate the reflections off the scatterers. Let theitleokthe scatterers bg,. If the number of
trees per unit area is, we assume thata? < 1.
As seen in Fig. 1, the number of particles changing diredtiom 0 to 1 in timedt is
a

V2

The quantityk contains the information regarding the speed of the pagiahd the orientation of
the square with respect to the incident direction.

N015t = Ps ’UF05t = kFo(St. (1)
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Figure 1. Particles incident along “0” on a scatterer, reflecting away towards f1” o
wgn

Similar to (1), we can write generallyV; ;. 10t = kF;0t. The rate of change dfy is found by
noting that the particles are scattered in direction 1 anth8s, by detailed local balance, we have
dF; .

dt :k(Fi+1 +Fi—1 72Fi), (7,:0,].72,3). (2)
These equations are valid if we neglect all correlationsraathory effects. After each collision,
the validity of above equations inherently assumes thdt &ae "flight + scattering” is independent

from the next/previous one. It can be shown that the solutiathis set of equations obeying our
initial conditions thatF;, (0) = 1 is given by [3]

Fy(t) = i[l + exp(—2kt))?,
Fi(t) = Fy(t) = %[1 + exp(—2kt)][1 — exp(—2kt))],
Fut) = 311 — exp(~2k1))” @)

All these functions approach a common value as time becoangs.| This shows that all the en-
suing directions are equiprobable (equilibrium). In mafarm, these equations can be represented
as

df

— =MF 4)
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where

-2k k 0 k
M — k. -2k k 0 . ®)
0 k. =2k k

k 0 k. =2k

These equations can be algebraically manipulated to ge/éotltowing expression

ilog (FQ_FO) =0 (6)

dt Fy—

Note that the matriXxM is a cyclic matrix. AnN x N cyclic matrix can be diagonalized, the
diagonalizing matrix has elements
1 2

Ui = e | G- D= 1), @

The distinct eigenvalues &1 and the corresponding orthogonal eigenvectors are

A =09 = Fy+ Fy + F> + Fj,

Ao = —4k, o = —Fy + F; — F + F3,

A3 = =2k, 3 = F3 — F1,

Ay = =2k, 9y = F — Fp. (8)

The eigenvectors or eigendistributions evolve indepetigleaccording todw; /dt = \j;,i =
1,2,3,4. The above equation implies that the quantityis constant in time, expected condition
is Fo + F1 + F> + F3 = 1. The other eigendistributions evolve ag;(t) = 12(0) exp(—4kt),
W3 (t) = 13(0) exp(—2kt), 4 (1) = 4 (0) exp(—2Kkt).

Recall thatk = (ap,v)/v/2. Here we consider the case wheis not the same for each particle.
Specifically,u may be distributed in a Maxwellian form, that is, the numbigparticles of massn
with speedv € [v,v + dv] is

2

n(v)dv = mNvexp [2;;1;} dv 9

which is the Maxwell-Boltzmann distribution for an idealsga two dimensionsN, kg, andT are
respectively number of particles, the Boltzmann constamd,temperature.

Now, we want to see how; behaves over long time wheris drawn fromn(v). Let us consider
1o as a function ot andw for illustration. The matriXM becomes a cyclic random matrix, similar
to the one found in the study of random walk [4,5]. Thast, v) becomes

a(t,v) = 12(0) exp [ — (4avsin Hps)t} (20)
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whereys(0) = —Fy(0) = —1, andd = 7 /4. Now, averaged over,

Uy(t) = 000 Yo (t, v)n(v)dv

Uy(t) = 1112(0)]:;—]; OOO vexp(—4atvsin Op,) exp(—mwv? /(2kpT))dv (11)

The integral in this expression is
I= / vexp[—(Pv + Qu?)]dv
0

I= / vexp[—Q(v? + Rv)]dv, P/Q = R, and on completing the squares,
0

[ =% / wexp(—Qu?)du — ge% / exp(—Qu?)du. (12)

R/2 R/2

The integral is

1 ™ R QR? QR?
I—@— Q4exp< 1 )erfc( 1 ) (13)
Here, er fc|z] is the complementary error function defined asjfc[z] = 1 — erf|z], erflz] =

2 z —z?
7= Jo e " da.
Substituting this, we obtain finally (see Fig. 2)

1/)2(15) WkBT 4a2p§kBTt2 kBT
= 1 — 2 s t : 2 S t °
(0N apst/ . texp - erfc|2apsy/ -

(14)

1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 t
2 3 4 5

1
Figure 2. w2(t)/(¢2(0)N) is plotted against time for some representative values
taken for various parameters. We see that the ratio approachesvhéb is consistent
with the fact that all the;’'s become equal, at equilibrium.
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2. VAN HOUTEN - VAN SARLOOS VARIATION

There has been an interesting variant of the original matist(ssed above). In this variation [6],
there are two kinds of scatterers - one of these type(l) is éisa original model, the other type is
rotated by an angle/4 (Il), thus it reverses their direction on collision. Theseaifurther dynamical
feature wherein the scatterers turn by an anglé after a particle collides with them. This means
that they are turned into each other. For this model, the egtations for the number of wind
particles in four directions were obtained in [6]. Let themher of trees of type | and Il b&;
and Z;r. The average time taken by a wind particle to strike a tre& is Q2/2av. The collision
frequencies corresponding to the particle striking a tfdgpe | (1) is Z; /A (Z11/v/24). The rate
equations can be written in a matrix form, which is very caneat for further calculations. The
rate equations

dc]l\t] ZAI ( N; + 2Ni+1 + ;Nil) + %(Ni+2 — ;) (15)
can be cast aédN /dt = SN where
—(c+d)  ¢/2 d ¢/2
°7 022 _(Z/Z ! (f:/i d) c;iQ (16)
/2 d c/2  —(c+d)

N is the four-component vector with componenis i = 0,1,2,3; c = Z; /A, d = Z;1/V/2A.
Since total number of trees is conserved= Z; + Z;;,

dZy N N

= g7 17

T NGV, (17)
implying Z;(t) = Z7* + [Z1(0) — Z;%e~*/T with T = Hfij andZy! = 1+f We know
that the ra'quéﬁq 2. Definingc®? = 2“”Z1q , d°1 = f‘“’Z’q , their ratio is one. Thus we

can assume that the matrix elements are dlstnbuted augmithe same two dimensional Maxwell
Boltzmann distribution for andd.

The eigenvalues of the matri& are0, —2¢, —¢ — 2d, —c — 2d.The eigenfunctions are¢, =
Ny + Ny + N3+ Ny, ¢po = —N1 + No — N3 + Ny, ¢p3 = —No + Ny, ¢4 = —Nj + N3. The
eigenvalue=0 corresponds to the conservation of numbearitfes. Other eigenfunctions satisfy
B2(t) = ¢2(0)e™2 | h34(t) = $3.4(0)e”(c+2Dt Sincec andd havev-dependence, the rate at
which ¢; will relax to their equilibrium values will be obtained byeraging the above expressions
over Maxwell-Boltzmann distribution. However, we notettlize form of the integrals are exactly
the same as encountered in (14).

320 Student Journal of Physiscs Vol. 5, No. 1, Apr.-Jun. 2013



Thermal Wind-Tree Models

References

[1] J. R. Dorfman,An introduction to chaos in nonequilibrium statistical mechar(i€ambridge University
Press, 1999).

[2] P. Ehrenfest and T. Ehrenfest, Enzykl. Math. Wigpart 32 (reprinted in P. Ehrenfe&pllected Scientific
Papersed. M J Klein (North-Holland, 1959)).

[3] R. Rechtman, A. Salcido, and A. Calles, Eur. J. PH@g1991) 27.
[4] K. Manikandan, S. C. L. Srivastava, and S. R. Jain, Phys. Le37%(2011) 368.
[5] S.R.Jainand S. C. L. Srivastava, Phys. ReV8R22008) 036213.

[6] J. van Houten and W. van Sarloos, Eur. J. PHy4.980) 149.

Student Journal of Physiscs Vol. 5, No. 1, Apr.-Jun. 2013 321



	Binder1.pdf
	001
	002


