




Convener’s Address 

National Student Symposium on Physics - 2014 

 
At the outset let me thank and express my gratitude to the Vice-Chancellor Prof. Grover 
and the Dept. of Physics, Panjab University for hosting the second NSSP, in addition to 
hosting the first one last year. By this series of symposia IAPT is trying to implant a new 
culture in Physics education in the country replacing the age-old culture of rote learning 
and excellence in examination. The traditional culture will not adequately enable our 
students to face the challenges of 21st century in which innovation and creativity plays the 
key role, heightened by the sweeping phenomena of globalization and liberalization. I 
must say our present education system is inadequate and slow in rising up to the new 
reality. This is evident in our poor contribution to the international science in the post- 
independence era in terms of quality and quantity, and abysmal ranking of our 
universities and IITs amongst the universities of the world. This new series of NSSP is a 
modest effort by IAPT to impress upon the student community the urgency and necessity 
of imbibing a new culture of creativity and innovation. In concrete terms, our students 
have to be mentally and emotionally equipped to aspire to be successful physicist capable 
of impacting the international science.  

In our present system of emphasis on rote learning and excellence in examination, a 
student spends 17 years of study to get his M.Sc. degree at the age of about 23. The 
M.Phil./Pre-doctoral, doctoral and post-doctoral work covers about another 9 years, 
during which he works under the supervision of a guide mostly on the ideas given by the 
latter.  After this long struggle, at relatively advanced age one is tired to brave into 
uncharted territory and feels safer to walk on the familiar trodden path. Imported ideas, 
theories, models and computer-codes come handy to climb the job-ladder. Cultivation of 
western peers helps this process. The panacea of such ills is to imbibe the spirit of 
innovation and creativity from younger age while at +2 level when energy is abundant 
and spirit is not contaminated with commercialism. C. V. Raman and S. Chandrasekhar, 
while studying B. Sc. in Presidency College in Madras published their own research in 
international journals. M.N. Saha and S. N. Bose had no opportunity to do M.Sc. in 
Physics and studied Applied mathematics. They took pioneering role in opening M.Sc. 
Physics in Calcutta University in 1917, offering themselves to teach, acquiring required 
knowledge through self-study. Raman and Bose did not do Ph.D. and Saha acquired D. 
Sc. by his own research. Saha’s Theory of Ionization, his famous book Treatise on Heat 



and Bose statistics resulted from their dedicated teaching in B.Sc. and M.Sc. classes. In 
the modern times, Bill Gate and Steve Jobs, being fired by the spirit of innovation had to 
be drop-out from the college. The UG and PG student life is too precious to be devoted 
fully for excelling in examinations. 

It should not be misunderstood that culture of the spirit and innovation is only meant for 
those who opt for career in research. It is for one and all. The aim of education is to 
develop the ability to think creatively. This ability properly cultivated in the student days, 
will help to be successful in every sphere of activities. What is needed is passion for 
innovation. Our education system will be successful when it succeeds in inducing this 
passion in the students. It should be a way of life for one and all. I wish all success for the 
symposium.   

 

L. Satpathy 

Convener  
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FOREWORD 

The science based development in the post independent era brought India on the global 
map of strength and prosperity. The country is participating in the international scientific 
programs and determined to develop as the future scientific power. However it has been 
observed that the standard of science education is declining alarmingly. The best minds 
are not coming to science and those who do, do not remain in science. The Indian 
contribution to basic sciences in the global context is reducing both in quality and 
quantity. These are the concerns of our scientific leadership. The Indian Association of 
Physics Teachers (IAPT) is also equally concerned. 

In view of this IAPT decided to motivate the young Under Graduate (UG) and Post 
Graduate (PG) students to do science by their interaction with learned teachers and 
scientists and among themselves. This may help in giving the shape to creative and 
innovative scientific ideas of young students. To achieve this goal IAPT resolved to hold  
“National Student Symposium on Physics” (IAPT NSSP) each year.  

It was planned that there will be quality motivational scientific talks by the learned guest 
faculty. The major time of symposium will be devoted for the presentation and 
participation of the UG and PG students. They will present their project / research work 
and there will be creative and innovative discussions among the students in the presence 
of learned motivators. The new conceptual and technical ideas will be put forward and 
the students will be encouraged to take ahead their scientific innovations. 

The first IAPT NSSP was organized by IAPT in collaboration with Department of 
Physics, Panjab University, Chandigarh on Feb. 25-27, 2013. To our surprise, as it was 
for the first time, more than 150 students from all parts of the country, even from the 
remote areas applied for the presentation of their work and participation. With limited 
finances nearly 100 students were supported and these students worked hard for three 
days with their full intellectual strength. At the end the response of the students was very 
encouraging for us. The Proceedings of this NSSP is published in “Student Journal of 
Physics” Vol. 5, April –June 2013.  

The enthusiasm and involvement of young students in the scientific research further 
encouraged us to hold the 2nd IAPT NSSP in Jan 17-19 2014. Again the response and 
participation of students was enormous and the expectations from IAPT were still higher. 
We believe we will live up to the expectations of the young students and hold NSSP each 
year to achieve the goal of excellence in science in India.  
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Here it is important to mention that Prof. L. Sathpaty initiated the idea to hold the NSSP, 
however the execution responsibility was given to me. Prof. A.K.Grover, Vice 
Chancellor, Panjab University kindly agreed to hold NSSP in Panjab University campus 
and it was done magnificently by Prof. Manjit Kaur, Prof. C.N. Kumar and Dr. Kuldip 
Kumar along with their colleagues. The expertise of Prof. U.S. Kushwaha, Prof H.C. 
Pradhan and other members of Advisory Board was the guiding force. The invaluable 
help of Dr. Bakhshis Chand of NITTTR Chandigarh is gratefully acknowledged. The 
credit of NSSP success goes to as family involvement of Chairman, Teaching Faculty and 
Technical Staff of Physics Department, Panjab University.   

 

Satya Prakash 

Former President, IAPT 
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2nd IAPT National Student Symposium on Physics 
(17–19 January 2014) 

Organised by 

IAPT RC-3 (Chandigarh & Himachal Pradesh)  
and  

Department of Physics, Panjab University, Chandigarh 

 
 
In order to foster a culture of innovation and creativity among the aspiring young 

amateur physicists, IAPT has instituted the Annual National Student Symposium on 
Physics (NSSP). It provides a national platform to the young students for presenting 
their new ideas and innovative work at an early stage, which will help them grow as 
creative and original researchers. After the overwhelming response of students to the 
1st IAPT NSSP 2013, Indian Association of Physics Teachers in collaboration with 
Department of  Physics, Panjab university, Chandigarh, organised the 2nd IAPT NSSP 
from 17-19 January 2014. 

The relevant announcement with all the necessary information was carried in 
October and November 2013 issues of the IAPT Bulletin prominently. Also, in order to 
give wider publicity, about 300 posters were sent to prominent colleges, university 
physics departments and other institutions (having undergraduate and postgraduate 
courses in physics) all over the country inviting the UG and PG students to take part in 
the event. A separate dedicated website (hosted on the web server of Physics 
Department, Panjab University) was designed, updated and monitored, which made the 
interaction of the students and experts with the organising committee very effective 
and efficient.  An overwhelming response was received despite the fact that the timing 
was of extreme cold in Chandigarh in addition to the many students having their 
examinations in these days. In a few cases, there were as many as 20-25 applications 
from the same institution and many from the same region. Hence, considering the 
logistics, budgetary and administrative reasons, around 100 participants were chosen 
out of them. The selection thus made gave a fair representation to students from all 
over India. In this way 24 students were selected for oral presentation and 42 were 
asked to make poster presentation. The rest of them were asked to take part as 
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 participants only. The lodging was provided at NITTR guest house/ hostel in Sector-
26, Chandigarh. A registration fee of Rs. 400/ was collected from all participants and 

all participants presenting their papers through oral and poster were provided partial 
travel assistance. Local hospitality to all participants and resource persons was 
provided by the hosts. 

The format of the symposium consisted, on the pattern of last year, of invited talks 
by experts and oral and poster presentations by the students. In addition, there were 
several special lectures by eminent teachers and scientists on topics of current interest. 
This year the participants also visited the Anveshika Chandigarh Centre at Sri Guru 
Gobind Singh College, Sector-26 where they enjoyed interacting with Principal M.S. 
Marwaha and his team, who showcased the simple and innovative experiments in 
physics.  

On a beautiful morning on 17th January 2014, the staff and students of Physics 
Department, Panjab University welcomed the enthusiastic students and eminent 

physicists for this event.   After a brief period of registration process for the student 
participants, all gathered at the auditorium of the Department, where most of the 
academic programmes were carried out. The symposium was inaugurated by Prof.Arun 
K. Grover, Vice-Chancellor of Panjab University, Chandigarh who welcomed the 
participants with his inspiring words. Recalling the glorious contributions of Indian 
scientists in the advancement of pure and applied sciences even before independence, 
he made special mention of the work of Prof.Ruchi Ram Sahni and his contemporaries; 
he inspired the enthusiastic participants to work wholeheartedly for the glory of the 
country and satisfaction of curiosity through pure and applied sciences. He 
congratulated the organising team of NSSP-2014 for this endeavour and wished the 
Symposium a great success. 

Prof. H.C. Pradhan, President, IAPT in his presidential address enlightened the 
gathering about IAPT and its various activities, its glorious contributions and 
achievements since its inception. He talked about his close association with the 
HomiBhabha Centre for Science Education in nurturing the scientific imagination and 
innovation of the students and his endearing experiences in Physics Education. He 
congratulated the students for their enthusiastic participation and hoped that this spirit 

will be maintained further through such active fora of exploring the innovative 
potential of the young minds. Earlier, Prof. C.N. Kumar, chief coordinator of the event 
welcomed all the dignitaries, faculty and students and acquainted them with the  
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philosophy and motivation behind organising NSSP. A warm welcome was extended 
by Prof.Manjit Kaur, Chairperson of the Physics Department, Panjab University and 

Regional President of IAPT, who also briefed the audience with the glorious history 
and inspiring present of the Physics Department. 

The message of Prof. L. Satpathy, the National Convener, was read out by Prof. 
U.S. Kushwaha, Chief Editor of IAPT Bulletin and a very senior founder member of 
IAPT. In his encouraging message, Prof. L. Satpathy stressed on the scientific temper 
and dream of taking India ahead in science and technology. He also stressed the need 
for such efforts in collaboration with other institutions to carry forward the mission of 
nurturing the scientific talent of the nation. Prof. Satya Prakash, immediate past 
president of IAPT, gave a motivational talk to the participants and inspired them to 
work in areas of indigenous sciences also. All these senior dignitaries in their message 
inspired the students to work hard and dream for adding more names to the list of 
Indian Nobel Prize winners under the national flag. The inaugural session was attended 
by IAPT members from the city and the region in large numbers. It was specially 
graced by the presence of the stalwarts of IAPT from this region, namely Prof. H.S. 
Hans, Prof. U.S. Kushwaha, Prof. M.P. Khanna, Prof. S.P. Puri and Prof. P.M. Sood 
and Principal M.S. Marwaha. 

Like the 1st NSSP, 2nd NSSP also witnessed talks by eminent scientists, oral and 
poster presentations by students of various universities and colleges across the country. 
The abstracts of papers received for oral and poster presentations are given elsewhere 
in this issue. 

The first technical session of the day-1 was chaired by Prof. H.C Pradhan in which 
two oral presentations of the students were given after a motivating talk by Dr.Sonali 
Bhatnagar of Dayalbagh Educational Institute, Agra, on the use of ‘Computational 
Methods and GEANT-4 software Package’ in higher physics and research. This was 
followed by a group photograph of all the participants outside the auditorium. In the 
post lunch session, which was chaired by Prof. Satya Prakash, six students presented 
their papers followed by discussions and a motivating talk by Prof H.C. Pradhan on 
‘The History of Gravitational Theory’ and its message for the young students. This was 
followed by tea and a visit to  Sri Guru Gobind Singh College, Sector-26, where the 

principal, Sh. M.S. Marwaha captivated the attention of participants with his unique 
demonstration of interesting science experiment with low cost equipment designed by 
him and his group. This interaction was enjoyed and liked by all the student 
participants. 
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2nd Day 

The second day started with poster presentation by the participating students 
followed by interaction with experts in the Department of Physics during the display of 
posters. It was a very interesting programme as many novel ideas were presented by 
the students in artistic and logical manner. 

The second session of the day-2 started with a captivating lecture by 
Dr.KavitaDorai from IISER Mohali. In her enriching talk on ‘NMR in Physics and 
Biology’, she highlighted the contribution of NMR to our understanding of nature in 
physics and biology and acquainted the audience about  the current developments in 
the field of NMR research as well as its applications in various fields of science, 
technology and medicine. She explained how this technique can help in exploring the 
specific properties of medicinal plants and shared her interesting experiences in 
collaborative research in this context. Her talk was immensely enjoyed by the audience 
whose questions and captivatingly curious gaze reverberated the auditorium. This was 

followed by another six oral presentations of participants. 

In the post-lunch session of day-2, Dr.Harvinder K. Jassal, IISER Mohali, delivered 
her talk on ‘Dark Side of the Universe’ in which she explained the Dark Matter, Dark 
Energy and the Cosmic Expansion to the eager audience. She also shared her own 
experiences as a student of physics and inspired students to come forward with ideas to 
lead the way in science and technology with confidence.  This was followed by a talk 
by Dr Sandeep Sahijpal of the Physics Department, Panjab University. In his brilliant 
lecture on ‘The Cosmic Origin of the Elements’, he explained our current 
understanding of the cosmic origin of element and told we can further explore our 
universe. He also mentioned how the study of astronomy makes us humble by 
reminding us of our true place in the universe. 

3rd Day 

On the last day of the event, participants visited various research laboratories of the 
Physics Department, such as High Energy Physics Lab, Cyclotron Laboratory, 
Condensed Matter lab where they got an opportunity to interact with the research 
scholars and faculties of the concerned laboratories. It was a nice opportunity for the 
student to watch science in action. This was followed by a captivatingly simple yet 
inspiring lecture by Prof.Sudipta Mukherji from Institute of Physics, Bhubaneswar. In 
his blackboard-based lecture, he explained ‘A Mechanical Model of Phase Transition’ 
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which was well received by the participants. He also explained the uniqueness of this 
model and its applications in various branches of Physics.  

With the hope that energy and brilliant ideas of the enthusiastic students will find a 
right direction, the closing ceremony took place on the afternoon of 19th January. The 
Symposium came to an end by concluding session which included feedback by 
students and distribution of certificates and IAPT Student Journal of Physics to the 
participants. In their feedback the students spoke about their learning experiences 
during this symposium and shared how much they were thrilled to attend the expert 
talks and lab visit. They thanked the organisers and volunteers of NSSP-2014 and 
NITTTR, Chandigarh for the nice accommodation even in the chilling winter. The 
final vote of thanks was proposed by Dr. Kuldeep Kumar, the Secretary of the NSSP-
2014. The event was widely covered by the leading newspapers in their regional 
sections. 
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Titles / Abstracts of Invited talks 

 

Dr. Sudipta Mukherji 
Institute of Physics, Bhubaneswar 
A MECHANICAL MODEL OF PHASE TRANSITION 

Abstract: A close analogy between a mechanical system and a ferromagnetic material  
will be discussed. In particular, both the system under appropriate quenches  
will be compared. 

Dr. Kavita Dorai 
IISER, Mohali 
NMR IN PHYSICS & BIOLOGY  

Abstract: Nuclear Magnetic Resonance (NMR) has wide applications in several fields 
of science including quantum computing, materials  science, biomolecular structure 
determination, medical diagnostics, environmental science and nanotechnology. This 
talk will focus  on the basic physics of NMR and will also briefly discuss its  
applications to quantum computing and to metabolomics. 

Dr. Sonali Bhatnagar 
Dayalbagh Educational Institute, Agra  
COMPUTATIONAL METHODS AND GEANT-4 SOFTWARE PACKAGE 

Abstract: Geant4 is a relatively new software package developed by a collaboration of 
scientists and engineers from CERN and universities around the world. It offers tools 
for the simulation of the passage of particles through matter and particle detection. 
Geant4 simulates the different physical processes and particle interactions via 
collections of experimental cross sections for particle interactions, from “low energies” 
(e.g. thermal neutrons) up to “high energies” (e.g. heavy ion collisions The software 
development began as a toolkit with an emphasis in high energy experiments, but other 
fields have profited from it as well, for example, Geant4 is used commonly in nuclear 
physics, space and medical applications, and the field of semiconductors. The photon 
yield of a plastic scintillator and liquid xenon detector using Geant4 toolkit will be 
discussed and also an application to oncology therapy is  presented. The talk also 
includes the preliminary studies done to setup a muon telescope. It deals with the study 
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of amplitude dependence of photomultiplier tube (PMT) of double and single fibre 
detectors with respect to high voltage given on PMT. The light leakage in both the 

detectors was tested. Further we obtained the optimum discriminator threshold voltage 
to suppress the noise. The optimum high voltage of PMT for both detectors is 
determined from the coincidence technique. 

Prof. H. C. Pradhan 
HBSCE, Mumbai       
THE HISTORY OF GRAVITATIONAL THEORY 

Dr. Sandeep Sahijpal 
Panjab University, Chandigarh 
THE COSMIC ORIGIN OF THE ELEMENTS 

Dr. Harvinder Kaur Jassal 
IISER, Mohali 
DARK SIDE OF THE UNIVERSE 
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Analysis of electromagnetic undulator radiation for THz FEL 

Roma Khullar*, Geetanjali Sharma, Mona Gehlot, and G. Mishra 
School of Physics, Devi Ahilya Vishwavidyalaya, Indore 452001, India. 
Corresponding Author: roma_khullar@yahoo.co.in 
 
Abstract: We discuss the spectral properties of the radiation emitted by electrons moving in an 
electromagnetic undulator and an axial magnetic field. The device yields an interesting property when 

ever the cyclotron frequency equals to the wiggler wave frequency. In the combined undulator and axial 

field, the peak undulator radiation intensity is about twice the undulator radiation without an axial 
magnetic field. The analysis predicts an important free electron laser application at THz frequencies.  

 

 

1. INTRODUCTION 

A free electron laser employs a periodic magnetic field i.e. undulator to impart transverse 
oscillations to the relativistic electron beam. In the simplest configuration an undulator is 
a pure permanent magnet or a hybrid type magnetostatic field. During last several years 
the undulator technology have undergone substantial improvement and up gradation for 
its increased application in brilliant light source, free electron laser and inverse free 
electron laser. There have been studies on two frequency undulators [1] to extract free 
electron efficiency enhancement. There are bi-harmonic undulators and variable period 
undulator [2] for short wavelength FELs using lower energy electron beams. The optical 
klystron configuration [3-5] is widely in use to gain enhancement. The electromagnetic 
and electromagnet undulators are conceived primarily are short undulator period 
undulators [6,7]. 

The electromagnetic undulators with an electrostatic field [8] have been used to 
derive two fold free electron laser gain in comparison for a magnetostatic undulator. The 
electromagnetic undulator [9,10] has an undulator period half the undulator period of the 
magnetostatic undulator and generates shorter wavelength in comparison with the 
magnetostatic case. The spectral properties of radiation emitted by electrons moving in 
helical undulators and axial magnetic field are discussed independently [11].  
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Analysis of electromagnetic undulator radiation for THz FEL 
 

The role of an axial magnetic field, electrostatic field with a helical wiggler has been 
studied for Inverse FEL applications [12]. 

In this paper, we discuss the spectral properties of undulator radiation emitted by 
electrons moving in a backward propagating electromagnetic wiggler and axial magnetic 
field. It is shown that the emission at the cyclotron harmonics can be combined with the 
harmonics of the electromagnetic undulator to get enhanced radiation by a factor of two 
in comparison with the electromagnetic undulator without an axial magnetic field. This 
happens when the cyclotron frequency equals to the wiggler wave frequency. It is seen 
that the condition is easily achievable at THz frequencies giving the possibility of using 
the electromagnetic undulator with an axial magnetic field in free electron laser and 
inverse free electron laser applications at THz frequencies. In section 2, we derive the 
electron trajectory in a electromagnetic undulator for evaluation of Lienard-Wiechert 
integral. The motivation of imposing an axial magnetic field is aimed at using gyrotron 
type emission to get enhanced undulator radiation with a more transparent formalism.  

2. UNDULATOR RADIATION 

The energy radiated per unit solid angle and frequency interval i.e the brightness is given 
by [13], 
  

   (1) 

 

where n̂  is a unit vector determining the direction of observation, r refers to the particle 

position, and 


to its reduced velocity. We assume that the relativistic electron moves in 

a backward propagating electromagnetic wave combined with an axial magnetic field 
described by, 
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uB is the amplitude of the wiggler magnetic field. ,u uk are the frequency and wave 

number of the electromagnetic wiggler. 0B  is the axial field. The trajectory is provided 

by the Lorentz force equation, 

 
   ˆ 0

eEd e uB zBudt mc mc
  

 
 
  
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  

                                           (3) 

From Eq (3) we write the electron transverse velocities as, 
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    is the relativistic cyclotron frequency. Where we defined modified undulator 

parameter as, 
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In order to evaluate the undulator brightness from Eq (1), first we let 0b  and get the 

electron trajectories, 
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( )m mH   is the line shape integral and sets the resonance condition. The quantities ,x y
mT  

are the radial and vertical components of the radiated spectrum. For on-axis i.e. 0   

we get, 
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The function  m uJ   is the cylindrical Bessel function of first kind. 

The resonance condition gives,                     

2
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and on-axis we get intensity for the fundamental frequency i.e. m=1. In order to consider 
the effects of the axial magnetic field on the electromagnetic undulator radiation, we 
consider the modified electron trajectories as given in Eq (4) a  
 

      (9) 
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, , ( )m n p mH   is the line shape integral and sets the resonance condition.  The quantities 
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m n pT  are the radial and vertical components of the radiated spectrum, 
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The resonance frequency is obtained from the line shape integral and reads, 

2
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                                         (12) 

Eq(10) gives the modified undulator radiation of an electromagnetic wiggler with an axial 
magnetic field and has to be compared with Eq(6) without an axial magnetic field. 

3. RESULTS AND DISCUSSION 

In this paper we discuss the special properties of the radiation emitted by electrons 
moving in an electromagnet wiggler and an axial magnetic field. We analyse the effects 

of the axial magnetic field with the ratio parameter i.e. b. 0b   denotes the absence of 

the axial magnetic field and 1b   implies that the cyclotron frequency equals the wiggler 

wave frequency i.e. c   .  There are two resonant frequencies for 0 1.0b  . The 

lower resonant frequency is the cyclotron frequency and the higher resonant frequency is 
the undulator fundamental frequency. The higher resonant frequency is given by, 

2
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Substituting the value of the resonance frequency, 
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The lower resonance frequency reads,  
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The corresponding intensity reads,   
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Substituing the value of resonance frequency we get, 

   
2 2 2 2 2 2 2 3

2 2
02 2 22 2

4 2 2

11 2
c

d I e N K K
b J b

d d c KK

  
 

 
 
    

 

The two intensities can be compared to read, 
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The intensity at the lower resonant frequency is lower. These two resonant frequencies 
are separated by, 
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The intensity at n  is significantly smaller than the frequency at m   for given value of 

b  i.e. c
  .  
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Figure 1.    Intensity vs. frequency. 

In Fig 1, we plot the intensity versus frequency with the ratio parameter i.e. b. The 

intensities at 0 1.0b   are normalised with the intensity at 0b  . For 5, 1, 0K b     

we get 1.256 , 0m nTHz   . Tuning the axial magnetic field to reach 0.5b  we 

get 1.99 , 1m nTHz THz   . For 0.7b  we get 2.23 , 1.56m nTHz THz   . 

For 1 .0b  , 2.51m n THz   . Then two resonance frequencies merge at 1b   i.e. 

c    and the intensities at these two frequencies add. The intensities at the n  

slowly increases and equals to the intensity at m thereby the intensities gets doubled for 

the case at 1b  . In terms of physical parameters this can be written as, 0

21
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b
B KG

cm


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As an example let us consider the case with 5u cm  , 5,   0.5b  implies 0 10.5B KG . 

For 0.7b  , 0 14.7B KG . 1.0b   which happens at 0 21B KG , the two frequencies 

merge at 2.5THz . The requirement of the axial magnetic field will be prohibitly large 

with increasing  or short u .The tuning of the resonant frequency is plotted in Fig 2. 

There is no cyclotron frequency at 0b  . At the axial magnetic field is tuned from 0b  , 

to 1b  , the emission at cyclotron frequency emerges and proceeds to higher value of b  

tends to unity. At 1b  , these two frequencies equals. The spectrum is studied in Fig 3. 

for value of b approach  to unity. At exact value of 1b  , the spectrum is broad, the 

bandwidth is twice of the bandwidth with 0b   and with twice the original intensity. 

The bandwidth at 1b   i.e. c   is shown in Fig 4. where we plot the normalised 

FWHM for value ofb close to unity. The normalised bandwidth implies the bandwidth at 

1b   divided with the bandwidth at 0b  .  
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Figure 2. Tuneable resonance frequency versus ratio parameter. 
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Figure 3. Enhanced undulator intensity resonant frequency near 1b  .  
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Figure 4. Normalised FWHM versus  ratio vrs. Parameter b.  
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In conclusion we have examined undulator radiation with an electromagnetic undulator 
and an axial magnetic field. In the presence of the axial magnetic field, there is an 
additional radiation at the cyclotron frequency. The cyclotron frequency can be tuned to 
the fundamental undulator frequency to extract two-field intensity. The bandwidth at this 
frequency is also doubled.  The scheme is shown to be useful for free electron laser 
interaction at THz frequencies. 
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Abstract: The recent measurement of charmonium production in various high energy physics reactions 
have brought surprises and challenge in our understanding both of heavy quark production and of 

charmonium bound state formation. Inclusive B-decays to charmonia offer means by which theoretical 

predictions may be confronted with experimental data. Here, inclusive production of χc1 (which is 

reconstructed from its radiative decay mode) using a data sample of 387 X 106 BB̅ events which have 

been collected at ϒ(4S) resonance (bound state of bb̅ quarks) with Belle detector at KEKB asymmetric 
energy e-- e+ collider is measured and obtained branching fraction is B.F.= (0.29±0.001)%. 

 

1. INTRODUCTION 

The universe is made chiefly of matter, rather than consisting of equal parts of matter and 
antimatter as might be expected. How do we really know that the universe is not matter-
antimatter symmetric? In fact, there are strong evidences in this context. (i)The Moon: 
Neil Armstrong did not annihilate, therefore the moon is made of matter. (ii)The Sun: 
Solar cosmic rays are matter, not antimatter. (iii)The other Planets: We have sent probes 
to almost all. Their survival demonstrates that the solar system is made of matter. So, 
there is no evidence for the existence of large amounts of antimatter in the universe. The 
Milky Way Galaxy appears to consist entirely of matter, as there are no indications for 
regions where matter and antimatter meet and annihilate to produce characteristic gamma 
rays. The implication that matter completely dominates antimatter in the universe appears 
to be in contradiction to Dirac’s theory, which, supported by experiment, shows that 
particles and antiparticles are always created in equal numbers from energy. The 
energetic conditions of the early universe should have created equal numbers of particles 
and antiparticles; mutual annihilation of particle-antiparticle pairs, however, would have 
left nothing but energy.  
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In the universe today, photons (energy) outnumber protons (matter) by a factor of one 
billion. This suggests that most of the particles created in the early universe were indeed 
annihilated by antiparticles, while one in a billion particles had no matching antiparticle 
and so survived to form the matter observed today in stars and galaxies. The tiny 
imbalance between particles and antiparticles in the early universe is referred to as 
matter-antimatter asymmetry, and its cause remains a major unsolved puzzle for 
cosmology and particle physics. One possible explanation is that it involves a 
phenomenon known as Charge-Parity (CP) violation in the standard model (SM), which 
gives rise to a significant difference in the behavior of particles and their antiparticles. 

2. FUNDAMENTAL SYMMETRIES AND CP VIOLATION 

The concept of symmetry is deeply ingrained in physics. Tests of fundamental 
symmetries in atomic nuclei play an important role in uncovering nature's basic forces. 
Particle physicists thought that all fundamental interactions were symmetric under three 
discrete operations of parity (P), time reversal (T) and charge conjugation (C). A series of 
discoveries from the mid-1950s caused physicists to alter significantly their assumptions 
about the invariance of C, P, and T. Prompted by the realization of Lee and Yang [1] that 
there was no experimental evidence that weak interactions conserved parity; Wu et al [2] 
discovered that weak interactions do not conserve parity in radioactive decay of Cobalt-
60. Later on this was confirmed by other authors [3,4]. The violation was separately 
maximal and thus combined operation CP, remained an unbroken symmetry. Until 1964, 
however, CP symmetry was assumed to hold in weak interactions as well. One reason for 
this assumption was the CPT theorem, which states that all quantum field theories must 
be symmetric under a combined transformation of C, P and T. CP violation therefore 
implies violation of the time-reversal symmetry, which at the time was beyond 
imagination. The discovery of CP violation was therefore completely unexpected when 
Christenson et al [5] observed this phenomenon for the first time in the study of the 
decays of neutral kaons, particles formed by a strange quark and a down anti-quark. The 
observed effect was small, one part in a thousand, but was extremely important because it 
proved that matter and anti-matter are intrinsically different. For this discovery Fitch and 
Cronin were awarded the Nobel Prize in 1980. 
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3. KOBAYASHI-MASKAWA MECHANISM OF CP VIOLATION 

Kobayashi and Maskawa [6] proposed that CP violation would be an inherent prediction 
of the Standard Model of particle physics if there were six types of quarks (In 2008, 
Kobayashi and Maskawa were awarded the Nobel Prize for Physics for their “discovery 
of the origin of the broken symmetry which predicts the existence of at least three 
families of quarks in nature.”). In their famous work, Kobayashi and Maskawa showed 
that with four quarks there is no reasonable way to include the CP violation. Together 
with it they also proposed several models to explain CP violation in kaon system, 
amongst which the six quark model got favored over time. The explanation of CP 
violation in the six quark model of Kobayashi and Maskawa builds on the idea of quark 
mixing introduced by Cabibbo. In his hypothesis, Cabibbo proposed that the quantum 
states of quarks with different mass are the mixtures of the states that the weak 
interaction sees. The quark mixing introduces difference between eigen states of strong 
and weak interaction. The CP violation requires a complex phase in order to provide a 
difference between process and its charge conjugate. In the four quark model, quark 

mixing is described by 2 X 2 unitary matrix. With only four quarks, the rotation matrix 

that transforms one set of quark states into the other is restricted to real numbers states 
and thus quark mixing cannot accommodate CP violation. A necessary condition for the 
appearance of the complex phase, and thus for CP violation, is the presence of at least 

three generation of quarks. With extension to six quarks, the mixing matrix becomes 3 X 

3 unitary matrix, called Cabibbo-Kobayashi-Maskawa matrix [6,7]. In this case one 
complex phase always remains in the matrix. This complex phase provides the CP 
violation in the standard model. The idea has two important implications. First, in 
addition to three quarks known in early 1970’s and predicted charm quark, it postulates 
the existence of other two quarks, called bottom and top. Second, despite the tiny CP 
violation in the kaon system, proposed mechanism predicts large CP violation in the B 
system. It took almost three decades, but both predictions were experimentally 
confirmed, first by discovering the bottom quark [8] followed by top quark discovery 
[9,10] and finally by the measurement of large CP violation in the B0 system [11,12] at 
new dedicated electron-positron “B-factories” at KEK (Japan) and SLAC (USA). 
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4. THE KEKB ACCELERATOR AND BELLE DETECTOR 

The goal of the Belle Experiment was to design a particle collider that is perfectly suited 
for high precision measurements, especially in the area of CP violation in the B meson 
system. The KEKB [13] accelerator was designed as an electron-positron collider with 
colliding beams and circular topology, which operates primarily on the ϒ(4S) resonance. 
This resonance is a bound state of bb̅ quarks and its rest energy of 10.58 GeV is just 
above the threshold of B meson pair production. Another important property of the 
KEKB accelerator is that it is working with asymmetric energies for the colliding e- e+ 

pairs. The positrons use a low energy ring (LER) with energy E+ = 3.5 GeV and a 
positron current of about 1600 mA. In the high energy ring (HER), electrons are 
accelerated to an energy of E-  = 8.0 GeV with a current of 1200 mA. The result of the 
energy asymmetry is that the CMS of the ϒ(4S) resonance is not at rest in the lab frame. 
It is boosted and this boost gives the opportunity to precisely measure the difference of 
the decay times of the B mesons. 

The component closest to the interaction point is the beam pipe itself. It is 
followed by a silicon vertex detector (SVD), whose task is to determine the starting 
points of the tracks. The next device is the central drift chamber (CDC). It serves as a 
track recorder and thus covers an area up to 1.2m from the interaction point. At the end of 
the CDC follows an aerogel threshold Cherenkov counter (ACC) and a time of flight 
counter (TOF). These two components are used for particle identification (PID). Neutral 
particles are detected outside of this inner area. Following the TOF detector in radial 
direction, the electromagnetic calorimeters (ECL) are used for the reconstruction of 
photons by detecting electromagnetic showers. In the direction of the beam pipe, the 
extreme forward calorimeters (EFC) fulfill the same task. The outermost component is a 

resistive plate counter, which can detect 0
LK  and   (KLM). Except for the KLM 

chambers, the whole detector is surrounded by a superconducting solenoid, which 
provides a magnetic field of 1.5T. 

In order to quantify the physical properties of the above mentioned parts, it is 
necessary to specify the coordinate system that is commonly used for describing detector 
components.  
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The positive z-axis points in the direction of the boosted ϒ(4S) resonance, the so-called 
forward direction. The y-axis is perpendicular to the accelerator plane, while the x-axis 
lies within that plane, pointing away from the center. The angle θ is measured with 
respect to the z-axis and ϕ is measured in the xy-plane with respect to the x-axis. 

5. CHARMONIUM MESONS 

Charmonium is a bound state of a charm (c) quark and a charm anti-quark ( . The 

charmonium family has a net charm of zero. A charmonium state J/ψ was discovered in 
1974 at SLAC (Stanford Linear Accelerator Center) and BNL (Brookhaven National 
Laboratory) [14,15]. After the discovery of J/ψ, many new charmonium states have been 
observed such as ψ(2S), ηc and others. The ηc (1S)  is the ground state of cc̅ system. The 
spins of two quarks are antiparallel (J=0). The J/ψ(1S) and ψ(2S) are 1S and 2S orbital 
excitations with quark spins parallel (J=1). The χc are 1P orbital excitations with quark 

spins parallel. These charmonium states (such as J/ψ(1S), ψ(2S) or ) are of great 

interest both from theoretical and experimental points of view because of their clear 
experimental signature and great simplification caused by their non-relativistic nature. 
Decays of B meson to final states that include charmonium states play an important role 
in the study of CP violation at B-factories. Reconstruction and study of charmonium 
mesons in B decays is a crucial component of the measurement of time-dependent CP 
violating asymmetries. 

6. 
c1

  RECONSTRUCTION 

The 
c1

 charmonium states are reconstructed via there radiative decays to J/ψ. The 

c1
 signal is extracted from the data collected at ϒ(4S) by Belle experiment. The total 

number of events used to extract signals are 387 X 106 BB̅. The parameter ΔM (Mass 

of
c1

 - Mass of J/ψ) is used to extract 
c1

 mass in order to minimize statistical uncertainty 
so that the distribution is primarily dominated by the gamma energy 
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resolution. The J/ψ candidates used to reconstruct 
c1

 should have momentum below 2.0 

GeV/c and that of gamma should be 60 MeV. The 
c1

 candidates are selected by requiring 

the mass difference to lie between 0.370 GeV/c2 and 0.438 GeV/c2.  

7. RECONSTRUCTION EFFICIENCY 

Reconstructed efficiency of 
c1

 → J/ψ γ is estimated by Monte Carlo Simulation. A 

Signal Monte Carlo sample comprising of 15000 events is generated by using EvtGen 
[16] and these generated events are made to pass through the Belle detector simulation 
performed using GEANT package [17] which accommodates the geometry of each 
detector component. The reconstruction efficiency is calculated by performing a fit to 

M( ) M(J/ψ) distribution. The signal shape is modeled by the Crystal Ball function 

[18] and other combinational backgrounds by Chebyshev polynomial of order 3 as shown 
in Fig. 1. The reconstruction efficiency is calculated out to be (29.9 ± 0.42)% . 
 

 
Figure 1: The M(

c1
 ) – M(J/Ψ) distributions from Monte Carlo. 
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8. RESULT AND DISCUSSION 

The branching fraction for inclusive production is calculated as follows: 

BF= sig

c1BB

N

N BF( J / ) BF(J / l l )        
, where 

sig
N  is the observed signal yield, 

BB
N  are total number of  BB̅ events in the data sample,  

is the reconstruction efficiency. 
c1

BF( J / )    and BF(J / l l )   are the daughter 

branching fractions. The number of observed events are 1576.02 ± 59.36, where signal 
probability density function is modeled by Crystal Ball function [18] and other 
combinational backgrounds by Chebyshev polynomial of order 3 as shown in Fig. 2. The 
daughter Branching fractions published in [19] are used. The resulting branching fraction 

is (0.29 )% which is consistent with the factorization model. 

 

Figure 2: The M(
c1

 )–M(J/Ψ) distributions from experimental data . 
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Abstract: In this research paper, we have studied the properties of ion-acoustic solitons in a plasma 

consisting of cold positive and negative ions with different concentration of masses and charged states. 

An investigation has been done by taking a two fluid plasma system consisting of cold positive (H+) 

and negative ions (O2
-) with q-non-extensive velocity distribution of electrons. H+Oଶ

ି  is a plasma 

system that is found in the D-region of ionosphere. One of the non-Maxwellian distribution, Tsallis 
distribution known commonly as q-non-extensive distribution has attracted an immense attention of the 

researchers. Reductive Perturbation Method is used to derive Korteweg-de Vries (KdV) equation, 

where the nonlinearity and dispersion coefficients are found to be the functions of non-extensive 

parameter q. The effect of non-extensive distribution of electrons on the dynamics of ion-acoustic 
solitary waves has been studied. The results of the numerical computations are interpreted in the form 

of graphs for various parameter regimes. 

 

1. INTRODUCTION 

Most of the baryonic matter of the universe is in the form of hot plasma, both as rarefied 
interstellar medium and as dense stars. Plasma is considered as a different phase or state 
of matter. It would be seen that we live in the 1% of the universe in which plasma do not 
occur naturally. Nonlinear wave structures are beautiful and amazing manifestation of 
nature, arising out of competition between properties like nonlinearity, dispersion and 
dissipation. To quote a few nonlinear wave structures we have solitons, shock waves, 
double-layers etc. observed both in space and laboratory but in plasmas ion-acoustic 
solitons have been focus of most investigations. Equations of plasma dynamics are 
nonlinear.   
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Therefore, nonlinearity plays important role in plasma dynamics. A wave packet in which 
the wavefield is localized in a limited generally propagating spatial region and absent 
outside the region is called a soliton. The pioneer work of Zabusky and Kruskal [1] on 
the one-dimensional soliton solution of the Korteweg-de Vries (KdV) equation in plasma 
physics opened new vistas in the study of nonlinear phenomena in various branches of 
science. They named a solitary wave with the particle property as soliton. Solitary 
waves/Solitons form stable entities when effects on nonlinearity and dispersion are 
balanced.  It maintains its shape while travelling at constant speed.  

Two ion species having different masses, concentration, charge states and temperature [2-
4] are very common in space and laboratory e. g. (Ar+,SF6), (Ar+,F-), (H+,O2-), and 
(H+,H-) plasma systems. Most recent investigations show that particles may not follow 
Maxwellian distribution due to the formation of space holes. Accordingly, in most space 
plasmas, particles follow non-Maxwellian distribution [5, 6]. It is worth noting that the 
electron trapping is observed not only in space plasma but also in laboratory experiments 
[7, 8]. Further, it had been found that electrons and ion distributions play crucial role in 
characterizing the physics of nonlinear investigations. Particle distribution offer a 
considerable increase in richness and variety of wave motion that can exist in plasma and 
further significantly influence the conditions required for the formation of these waves. In 
recent years, new statistical approach non-extensive statistics or Tsallis statistics [9] has 
attracted much attention. In Boltzmann-Gibbs statistics, equilibrium functions are 
Maxwell-Boltzmann ones. But such distribution functions do not describe all possible 
processes. In general, the Boltzmann-Gibbs formalism fails for systems with long range 
interactions, memory effects and systems where the relevant phase space has fractal or 
multifracal structure. For q=1, Maxwell distribution function is obtained where q is 
measure of non extensivity. 

 Tsallis extended the standard additivity of the entropies to the   nonlinear, non-extensive 
case where one particular parameter, the entropic index q, characterizes the degree of non 
extensivity of the considered system (q=1 corresponds to the standard, extensive, BGS 
statistics). Recently, Tribeche et al [10] have provided a detailed investigation on the 
large amplitude solitary waves on Tsallis statistical mechanics.  
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We have investigated the small amplitude nonlinear ion-acoustic waves in a two 
component plasma system within the same distribution. The aim of the present 
investigation is to study how the non-extensive electron distributions influence solitary 
wave/solitons behavior. 

2. BASIC EQUATIONS 

Two component plasma i.e. H+Oଶ
ି	consisting of cold ions with non-extensively 

distributed electrons are considered. The nonlinear behaviour of the ion acoustic waves is 
described by the following set of normalized fluid equations (Basic Equations): 

ப୬భ

ப୲
 +
பሺ୬భ୴భሻ

ப୶
	=0                               (1) 

ப୴భ
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Where   δ=
ηାαε౰

మ

ηሺଵିαε౰ሻ
 , α=

୬మ
ሺబሻ

୬భ
ሺబሻ ,ε୸ ൌ

୞మ

୞భ
 , η =	

୫మ

୫భ
  and є = dispersion parameter. The number 

density of electron fluid, with non-extensive electrons is given by:-   

nୣୀሾ1 ൅ ሺq െ 1ሻϕሿ
౧శభ

మሺ౧షభሻ               (6) 

nୣୀ1+cଵϕଵ െ cଶϕଶ+cଷϕଷ-…         (7) 
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௤ାଵ

ଶ
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௖భሺ௖భషଶሻ

ଶ
 , ܿଷ ൌ ܿଶሺܿଵ െ

ସ

ଷ	
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In the above equations nଵ	, vଵ	and	nଶ	, vଶ are the densities and fluid velocities of positive 

and negative ion species respectively.	nଵ
ሺ଴ሻ
	, nଶ

ሺ଴ሻ are the equilibrium densities of two ion 

components respectively.  Further ϕ is the electrostatic potential, η is the mass ratio of the  
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negative ion species to the positive ion species, α is the equilibrium density ratio of the 

negative ion to the positive ion species and ε୸ is the charge multiplicity ratio of the  
negative ion to the positive ion species. In equations (1-6) velocities 

(	vଵ, vଶ	ሻ, potential	ሺϕሻ, time (t) and space co-ordinate (x) variables have been normalized 

with respect to the ion-acoustic speed Cୱ, thermal potential 
୩ా୘౛

ୣ
,	 inverse of ion plasma 

frequency	߱௣௜
ିଵ and  Debye length λୈ in the mixture respectively. Ion densities ݊ଵ	and	݊ଶ 

are normalized with their corresponding equilibrium values i.e by unperturbed average 

number density	݊଴. In the mixture, the ion-acoustic speed	Cୱ, the ion plasma frequency 

ω୮୧ and the Debye length λୈ are respectively given by: 

	Cୗ ൌ ට
୘౛δ୞భ
୫భ

	,			ω୮୧ ൌ ට
ସπ୬ሺబሻ౛మ୞భδ

୫భ
,		λୈ ൌ ට

୘౛

ସπ୬ሺబሻୣమ
 

3. DERIVATION OF KDV EQUATION 

To study small but finite amplitude ion-acoustic solitary waves in our multispecies 
plasma model, we construct a weakly nonlinear theory of the ion-acoustic waves which 

lead to scaling of the independent variables through the stretched coordinates (ξ) and ( ) 

ξ ൌ	 	єଵ/ଶ[x – λt] , =	єଷ/ଶt 

Where ε is a small parameter measuring the weakness of the dispersion and λ is the phase 
velocity of the wave. Using the above stretched co-ordinates and equations (1)-(6), to 
study the dynamics of ion–acoustic waves (IAWs), we employ the standard Reductive 
Perturbation Method (RPM) to get the KdV equation as: 

பϕሺభሻ
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 + B
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୔
 , B = 

ଵ
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Here P and Q are given by: 

P =	
ଶ
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 , Q = 	
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Sagdeev Potential is given by:      

Vሺϕሻ ൌ ሾ
ଵ

ଷ
Qϕଷ െ

ଵ

ଶ
PUϕଶሿ                      (9) 

4. RESULTS AND DISCUSSIONS 

From above equation we can see that the Sagdeev potential V (ɸ) depends on the 
parameter ɸ. Since the solution of equation is characterised by physical entity called 
solitons, we conclude that lowest order analysis in the reductive perturbation theory 
accounts for the aspect of nonlinearity giving rise to soliton mode. Soliton solution of 
KdV equation is given by: 

Φ = 3uSechଶሾට
୳

ଶ
ሺξ െ uτ	ሻሿ              (10) 

For the sake of numerical computations we have Considered the three ranges (-1<q<0, 
0<q<1, q>1) of the non-extensive parameter q. The variation of peak amplitude as a 
function of Sagdeev potential V (ɸ) for different values of q is shown in figure. Here we 

have done numerical computation of V (ɸ) v/s ɸ for H+Oଶ
ି  plasma where we have taken 

the following parameters: =32, α=0.1, z1=z2=1. 

Results are exhibited in the form of graphs as shown in Fig. 1. Only rarefactive solitons 
are obtained for all the values of non-extensive parameter q ranging q>1for which the 
peak amplitude increases with non extensivity. 

For the range 0<q<1, again rarefactive solitons are observed for which peak amplitude 
increases with q (behavior is similar to to that of q>1). This is clear from the Fig. 2, 

where the Sagdeev potential has been plotted as a function of ɸ for three different values 

of q. 

 

 

 Student Journal of Physics, Vol. 5, No. 2, July-Sept, 2013 120 



 
 

 

Fig

wit

q is

 

Fig

wit

q is

 

 

Eff

gure 1: Varia

th the set of p

s 1.5, 1.8, 2. 

gure 2: Varia

th the set of p

s 0.2, 0.5, 0.7

0.7

Stud

2 

ffect of Tsallis

ation of Sag

parameters a

ation of Sag

parameters a

7 

7 0.5 0.2

dent Journal o

1.8 

s Distribution 

 

deev potenti

as: =32, α=

deev potenti

as: =32, α=

of Physics, Vo

1.5

…… in H+O-
2

ial V (ɸ) wit

=0.1, z1=z2=1

ial V (ɸ) wit

=0.1, z1=z2=1

V 

ol. 5, No. 2, J

V(ɸ

2 Plasma 

 

th ɸ for diff

 and three di

 

th ɸ for diff

 and three di

(ɸ)

ɸ

uly-Sept, 201

ɸ

ɸ

ferent values 

ifferent valu

ferent values 

ifferent valu

13 

of q 

es of 

of q 

es of 

121 



 
 

However an

plot of  V (

z1=z2=1 sim
amplitude w

 

Fig

wit

q is

5. CONC

 For H+O-
2 p

extensive p
describe th
ion-acoustic
non-extensi

 

 

 

122 

n opposite tr

ɸ) v/s ɸ has 

milar to the e
was found to

gure 3: Varia

th the set of p

s -0.2, -0.5, -

CLUSION 

plasma syste
parameter q. 
e behaviour 
c solitary wa
ive electron d

‐

Stude

Neha 

end has been

been given in

earlier cases
 decrease wi

ation of Sagd

parameters a

0.7 

em, only rare
So the non
of soliton. T

aves occurrin
distribution i

‐0.7  ‐0.5

ent Journal of

 Goyal and Pa

 

n observed fo

n Fig. 3 with

, rarefactive 
th increase in

deev potentia

as: =32, α=

efactive solito
-extensive p
The various 
ng in space 
is observed.

‐0.2 

f Physics, Vol

arveen Bala 

or the range -

h other set of

soliton are 
n non extens

al V (ɸ) with

=0.1, z1=z2=1

ons are obse
parameter q i
graphs may 
as well as in

V (ɸ)

l. 5, No. 2, Jul

-1<q<0. For 

f parameters 

observed for
sivity. 

 

h   ɸ for diff

 and three di

rved for all t
is an import
be helpful f

n laboratory 

ɸ

ly-Sept, 2013

this range of

as:  =32, α=

r which the 

ferent values

ifferent valu

the ranges of
tant paramet
for understan
plasma wher

f q, a 

=0.1, 

peak 

 of q 

es of 

f non 
er to 

nding 
re q-



 
 

Effect of Tsallis Distribution …… in H+O-
2 Plasma 

 

REFERENCES 

[1] N.J. Zabusky and M.D. Kruskal, Interactions of solitons in a collisionless plasma 
and the recurrence of initial states, Phy.s Rev. Lett. 15:240-243 (1965). 

[2] M.K. Mishra, R.S. Chhabra and S.R. Sharma, Obliquely propagating ion-acoustic 
solitons in a multi-component magnetized plasma with negative ions, J. Plasma 
Phys. 52:409-429 (1994).  

[3] R.C. Davidson, Methods In Nonlinear Plasma Theory.  Academic Press New 
York and London, (pp 37 (1972). 

[4] T.S.Gill, P. Bala, H. Kaur, N. S. Saini, S. Bansal, J. Kaur, Ion acoustic solitons 
and double layers in a plasma consisting of positive and negative ions with non-
thermal electrons, Eur. Phys. J. D. 31:91-100 (2004).  

[5] A.A. Mamun, Rarefactive ion-acoustic electrostatic solitarystructures in 
nonthermal plasmas, Eur. Phys. J. D. 11:143-147 (2000). 

[6] A.A. Mamun, Effect of ion temperature on electrostatic solitary structures in non-
thermal plasmas, Phy. Rev. E 55:1852-1857 (1997).  

[7] K. Saeki, P. Michelsen, H. L. Pecseli and J. J. Rasmussen, Formation and 
coalescence of electron solitary waves, Phys. Rev. Lett. 42:501-504 (1979). [8] P. 
Guio, S. Borve, L.K.S. Daldorff, J. P. Lynov, P. Michelsen, H. L. Pecseli,  J. J. 
Rasmussen, K. Saeki and J. Trulsen, Phase space vortices in collisionless 
plasmas, Nonlin. Process. Geophys. Rev. 10:75-86 (2003).  

[8] C Tsallis, Possible generalization of Boltzmann-Gibbs statistics, J. Stat. Phys. 
52:479–488 (1988). 

[9] M. Tribeche, L. Djebarni and R. Amour, Ion-acoustic solitary waves in a plasma 
with a q-nonextensive electron velocity distribution, Phys. Plasmas 17:042114 
(2010). 

 

 

 

  

 

 

 

 Student Journal of Physics, Vol. 5, No. 2, July-Sept, 2013 123 



 
 

STUDENT JOURNAL OF PHYSICS           © Indian Association of Physics Teachers 

 
 
Estimation of Moisture Content of Eucalyptus Wood Samples 
Using Gamma Attenuation Method 

Gunjan Thukral and Rajeev Kumar 
Department of Mathematics, Statistics & Physics, 
Punjab Agricultural University, Ludhiana. 

E-mail: rajeevsharma@pau.edu 

 
Abstract: Gamma rays are highly penetrating in nature which can be studied by gamma ray 

transmission methods. When gamma rays are directed into an object, their energy can be absorbed or 

scattered and is called attenuation. The transmitted intensity depends mainly on the material’s 

thickness. Wood is a hygroscopic material; it absorbs or releases water depending upon the climate 
conditions. In the present study, the variation between relative intensity and thickness of Eucalyptus 

samples at varying moisture levels has been determined along with the moisture contents in them. The 
moisture levels are varied by keeping the samples in fresh and oven dry conditions for different time 

intervals. The moisture contents of fifteen samples having thickness of 1 cm each are determined using 

gamma rays of 137Cs radioactive source and NaI(Tl) scintillation detector. The relative transmission 

intensities are plotted against the samples thickness and found to be decrease with increase of sample 
thickness. 

 

1. INTRODUCTION 

Gamma radiations are electromagnetic radiations of extremely high frequency or these 
are the photons emitted as packets of energy, called quanta, which travel at the speed of 
light. These are highly penetrating in nature and thus are biologically very hazardous. 
These can be stopped by sufficiently thick layer of the material. In order for a gamma ray 
to be detected, it must interact with matter; that interaction must be recorded. The gamma 
radiation interaction with matter takes place by two ways i.e. primary interactions and 
secondary interactions which further result in a number of processes. Generally, when 
gamma rays are incident on a sheet of absorbing material, some of the radiation will be 
absorbed or scattered, which is called attenuation. For the irradiation effect to be 
thoroughly investigated, initially the determination of the absorption coefficient values is 
necessary.  
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Attenuation is the gradual loss in intensity of any kind of flux through a medium. It is an 
exponential function of the path length through the medium and is generally given by the 
Beer-Lambert law which says that when a gamma ray passes through matter, the 
probability for absorption is proportional to the thickness and the attenuation coefficient 
of the material. The total absorption shows an exponential decrease of intensity with 
distance from the incident surface: 

0( ) xI x I e             (1) 

where I0 is the incident intensity of the beam, I is the intensity of the beam after passing 
through the thickness x(gm/cm2) of the material, μ  is the attenuation coefficient 
(measured in cm-1). 

Attenuation decreases the intensity of an electromagnetic radiation. Attenuation 
coefficient is a quantity that characterizes how easily a material or medium can be 
penetrated by a beam of light, sound, particles or other energy or matter. It describes the 
extent to which the intensity of an energy beam is reduced as it passes through a specific 
material. These coefficients are studied mainly in terms of linear and mass attenuation 
coefficients. The linear attenuation coefficient describes the fraction of a beam of gamma 
rays that is absorbed or scattered per unit thickness of the absorber and is determined 
from the Beer-Lambert law. The mass attenuation coefficient is a measurement of how 
strongly a chemical species or a substance absorbs or scatters light at a given wavelength, 
per unit mass. When this coefficient is to be determined from the Beer-Lambert law, then 
‘mass thickness’ (defined as the mass per unit area) replaces the product of length times 
density. 

Wood is a hard, fibrous structural tissue found in the stems and roots of trees and other 
woody plants. It is a hygroscopic material which means that it naturally absorbs or 
desorbs water to balance its moisture content with the surrounding environment. When a 
tree is felled and sawn into timber, the wood starts to dry and the amount of water 
contained in the wood depends on the external climate conditions. Moisture gradients in 
hygroscopic composite materials such as wood are known to affect the internal stresses 
that cause dimensional changes and eventual development of defects. Estimation of 
moisture contents in wood has been carried out by various workers using one of the 
following methods: oven drying including microwave oven drying, 
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electrical resistance method, dielectric method, using a neutron moisture gauge, by 
nuclear magnetic resonance (NMR) and by measurement of e.m.f. developed in between 
rotating discs, Negi [1]. 

Radiation techniques were used to determine MC (moisture content) and density of wood 
and other materials, Loos [2]-[5]. The principle of these radiation  techniques is that 
penetration of the radiation ray (gamma ray) into materials is dependent on gross density 
of the material. Most of the time moisture content is measured by the weight of water as 
percentage of the oven-dry weight of the wood fiber. Water by itself does not harm the 
wood, but rather, wood with consistently high moisture content enables fungal organisms 
to grow. The state of bound water in wood having moisture content up to 20% has been 
determined by the dielectric method in the temperature range 20 to 150oC, Benkova and 
Ben’-Kova[6]. 

The mass attenuation coefficients of fifteen Eucalyptus wood samples (thickness 1 cm 
each) have been determined using the method of gamma ray spectroscopy with the help 
of a scintillation detector and then the variation of relative intensities with the thickness 
of the samples has been seen. The moisture content of the samples has been varied by 
placing them in an electric oven for different intervals of time. 

2. MATERIALS AND METHODS 

2.1 Wood or Timber 

In early days wood or timber was mostly used for construction of shelters/homes. It has a 
lot of advantages in various fields e.g. it is much stronger than concrete and almost strong 
as iron, it is better than iron, cement and concrete in thermal insulation, electrical 
resistance and sound absorption, it is widely used in earthquake prone areas etc. 

Different quantities of water are present in all woods irrespective of their condition. This 
is because wood is a hygroscopic substance. The water present in wood has an important 
effect on its different properties and variations in this amount causes swelling, shrinkage, 
alterations in different strength properties of wood, changes in electrical resistance, 
dielectric and thermal properties etc. 
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Eucalyptus has been chosen to study its moisture content and mass attenuation coefficient 
for the present study because of its high moisture absorbing characteristics. 

2.2 Moisture Content 

Moisture content is the amount of water contained in the wood. It is usually expressed as 
a percentage of its oven dry weight. The latter denotes the standard condition of dryness 
of the wood. It is a more or less constant weight of wood that is oven dried between 100-
1050C. In the oven-dry condition, all water is removed from the wood, except for the very 
small quantities which cannot be removed except by further drying to a level where the 
wood may become thermally degraded due to very high temperatures. In this way, the 
moisture content (MC) of wood is expressed in percentage with reference to its oven dry 
weight as- 

ܥܯ ൌ
W݁ݐ	weight െ Oven	dry	weight

Oven	dry	weight
ൈ 100 

 Or, in terms of density, moisture content can be determined from the relation: 

  0

0

100mm
 



    

where ρo is the oven dried density and ρm is the density with MC m.  

2.3 Interaction of radiation with matter 

Interaction of photons with matter gained interest due to their greater penetrating power 
than the charged particles. The photon attenuation coefficients are needed in solving 
many problems in radiation and health physics. The attenuation coefficient is a measure 
of the average no. of interactions between incident photon and matter that occur in a 
given mass per unit area thickness of the material encountered. The decrease in the 
intensity of the gamma rays coming from the radioactive source 137Cs due to attenuation 
is exponential in nature and can be expressed as the Beer-Lambert law given in eq. (1). 

Transmission studies of gamma ray photons of energy 662KeV through different wood 
samples were carried out using a gamma ray spectrometer. 
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For this a gamma ray source of suitable energy, half life and strength is chosen i.e. 137Cs 
which has a half life of 30 years and emits gamma ray photons of energy 662KeV.  

2.4 Gamma ray spectrometer 

 Few materials have good properties for detectors. Thallium-activated sodium iodide 
[NaI(Tl)] and cesium iodide [CsI(Tl)] crystals are commonly used, as well as a wide 
variety of plastics. CsI(Tl) and plastics have much faster light decay times than NaI(Tl) 
and are primarily used for timing applications. The high Z of iodine in NaI(Tl) crystals 
result in high efficiency for gamma-ray detection. Resolution for a 3-inch diameter by 3-
inch length crystal is typically about 7% for 137Cs. Besides efficiency, Cs source has 
many more applications in various fields where it is used, like for cancer treatment, 
measure and control of flow of liquids in numerous industrial processes, investigate 
subterranean strata in oil wells, measure soil density at construction sites, ensure the 
proper fill level for packages of food, drugs and other products because of which its use 
is preferred over the other available sources. 

2.5 Methodology 

The wood absorbers were placed close to the detector and gamma ray photon beam was 
collimated by using lead bricks. The centres of the source, collimator, wooden block and 
the scintillation head were aligned. The source, absorber and detector geometry was kept 
the same throughout the experiment resulting in non-varying scattering and air absorption 
effects. Fifteen Eucalyptus wood samples were used in the present study having thickness 
of 1 cm each and length and breadth of 8 cms. 

Before starting with photon attenuation studies, each block of wood was completely 
dipped in water for 3-4 days i.e. till its weight stopped increasing. Single channel 
analyser of the gamma ray spectrometer was set to accept 662KeV photo peak of 137Cs. 
Zero absorber is correspondent to only air in between the source and detector. Wood 
absorbers of thickness 1 cm each were placed close to the detector by increasing them in 
number one by one and counts were recorded for 30 seconds at each absorber thickness, 
sufficient number of sets were taken such that the statistical error was 
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considered to be below 1%. At oven dry weight and completely wet stages of the 
absorbers the experiment of gamma ray spectroscopy was performed to determine their 
relative intensities. 

3. RESULTS AND DISCUSSION 

 The data of relative intensity versus thickness of the wood absorbers were analysed by 
fitting the data corresponding to linear portion of experimental transmission curve using 
the equation: 
                     Y=abx  
Where Y is the transmitted intensity and x is the absorber thickness (gm/cm2); a and b are 
the constants of least square fit. The mass attenuation coefficient is then determined from 
the slope of measured transmission curve and is given by 
                   µ= - ln(b) 
The measured values of mass attenuation coefficients (cm2/gm) and their moisture levels 
are given in the table 1. 

 Table 1. Mass attenuation coefficients and moisture levels of wood samples 

Sr. No. State Mass attenuation coefficient 

1. Completely wet 
(106.3%) 

0.01847 

2. 85.81% 0.02193 

3. 70.44% 0.02359 

4. 55.64% 0.02529 

5. 45.21% 0.02641 

6. 34.35% 0.02799 

In the present study, taking wood as one component (a composite material) and water as 
the other, we have tried to study the mass attenuation coefficient of wood at different 
moisture levels. The parameter which is mainly responsible for the absorption of gamma 
rays in, materials is the effective atomic number. Effective atomic number 
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1. Transmission of gamma photons in wood samples is exponential in nature. 
2.  Values of mass attenuation coefficient at varying moisture levels lie in 

between that of oven dry and completely wet samples. The curve of mass 
attenuation coefficient versus relative moisture content shows a linear trend. 

3. The mass attenuation coefficient is found to decrease with increase in the 
moisture content, which agrees really well with the theoretical expectations. 
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Abstract: The water passes through magnetic field is known as magnetized water. In this work the 

effect of magnetic field strength on the pH of distilled water was investigated. During the experiment 
different strengths of magnetic fields from 0.1 T to 0.3 T applied to distilled water and changes in pH of 

distilled water before and after the application of magnetic field were compared. Measurements were 

also made on the retention in pH values of distilled water after removal of magnetic field strength. Data 

collected during the experiment indicated that pH of distilled water increases by magnetic treatment. 
 

1. INTRODUCTION 

Water and life are closely linked. Liquid water is required for life to start and for life to 
continue. Water presence is the fundamental for all life on the planet, because it is 
nutrient source where chemical reactions happen. According to medical and health 
sciences there is virtually no function or reaction inside human body that can take place 
without the presence of water. The water helps the body absorb and assimilate nutrients 
into the blood stream and internal organs. Water boosts mental performance. As little as 
2% dehydration can lead to significant short-term memory loss. The proper hydration 
helps the body resist the formation of kidney stones, urinary infections and constipation. 
Water also accelerates the excretion of toxins and wastes from the body. Water is an 
unusual substance, mostly due to its 3D network of hydrogen bond in the molecule. Its 
properties allow it to act as a solvent, reactant, a molecule with cohesive properties and as 
a temperature stabilizer [1]. The water treated by the magnetic field or passes through a 
magnetic device is called magnetized water [2].The influence of magnetic field on water 
is to change the dimensions of the clusters, which affects the physical properties of water 
[3]. When water is exposed to a magnetic field and changes in properties including 
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optics, electromagnetism, thermodynamics and mechanics, for example the changes in 
the dielectric constant, viscosity, surface tension force, the solidifying and boiling point 
and electric conductivity, compared with those of pure water [4]. Thus the magnetized 
water has extensive applications in industry, agriculture and medicine, for instance it may 
aid digestion and is helpful for eliminating dirt in industrial boilers [5, 6, 7]. 

The changes with occur in the structure of liquid water under the effect of external 
magnetic field are important in various applications e.g. water treatment, biological 
processes and biotechnology. [8] studied the effects of the magnetic field on the 
hydrogen-bonded structure of water and found that the number of hydrogen bonds 
increased by 0.34% when the magnetic field  strength increased from 1 to 10 T. It is 
found that the size of a water cluster can be controlled by the application of an external 
magnetic field. The structure of water is analyzed by calculating the radial distribution 
function of the water molecules. He concluded that the structure of the water is more 
stable and the ability of the water molecules to form hydrogen bonds is enhanced when a 
magnetic field applied, in addition the behaviour of water molecule changes under the 
influence of the magnetic field. For example the self-diffusion coefficient of the water 
molecules decreases. The author proposed that the melting point of water increased under 
magnetic field of 6 T and the reduced entropy of the water. The viscosity of the pure 
water under the transverse magnetic field of 10 T is less than 10-4. 

The plants which were irrigated with magnetic water exhibited a remarkable increase 
in vegetative growth and biochemical constitutions. Further the results indicated that the 
number of protein bands got increased in plants treated with magnetized water when 
compared to untreated control plants. The reason of this effect can be searched in the 
presence of paramagnetic properties in chloroplast which can cause an acceleration of 
seeds metabolism [9]. 

Some of the most beneficial claimed water applications from magnetically treated. 
The two major benefits of magnetic water treatment (MWT) are scale reduction and 
improved crop yields with less water. It is found that water bacterial content decreased by 
85 and 98.8 % respectively after treatment with chlorine and ozone. Using ozone has 
some disadvantages found out like the short life-time of its effect and needing powerful 
treatment for removing high concentration of organic substances and algae. Thus a new 
biological technique using magnetic field to purify the water is found out [10].  
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It is also proposed by some researchers that magnetic water is beneficial for kidney 
ailments, gout, obesity, asthma, fevers, colds, coughs, sore throats and premature aging. 
[11] Noticed that water can receive signals produced from magnetic forces that have a 
direct effect on living cells and their vital action. Magnetic water promotes healing of 
wounds and burns [12].  

Passing water through a magnetic field has been claimed to improve chemical, 
physical and bacteriological quality of water in many different applications. Although the 
treatment process has been used for decades, it still remains in the realms of 
pseudoscience. If the claims of treating water with magnets are true, the process offers 
improvements on many of our applications of water in today’s world. 

2. MATERIALS AND METHODS 

In order to calibrate the variable gap electromagnet, a digital gauss meter is used to note 
the magnetic field strength at the mid-point between two electromagnets has been 
measured and results are shown in Table 1 and Fig. 1. Fig. 1 shows the relationship 
between magnetic field strength against distance. It is seen from the table and figures that 
when the distance between two electromagnets increases magnetic field strength 
gradually decreases. 

When the distance between two electromagnets is kept constant at 1cm and 
gradually increase the current has been investigate the relationship between magnetic 
field strength and the current. We can see from the Table 2 and Fig. 2 that once the 
current increases magnetic field strength also gradually increases. The Fig. 2 shows the 
relationship between magnetic field strength against current. The water used in this study 
was distilled water. The stationary magnetic field strength was generated by adjustable 
permanent magnets (EM-20). It consist of two pole pieces made from especially annealed 
soft iron with dimensions, diameter 9.0 cm and length 27.5 cm each. It could produce 
magnetic field of strength up to 22,000 Gauss at 10 mm gap between two pole pieces. A 
direct current was supplied to the magnetic coils from a regulated power supply.  
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Table 1. Magnetic field strength between electromagnet for different distances 
 
 
 
 
 
 
 

 

 

Figure 1. Magnetic field strength for constant current (1A)  
 

Table 2. Magnetic field strength between two electromagnets for different currents 
at distance of 1cm 
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of electromagnets was 2.2 cm. The experimental setup for measurement of pH of distilled 
water is shown in Fig. 3. The pH probe of pH meter were dipped into the sample in such 
a way that the bulb of pH meter were completely immersed into the sample contained in 
beaker, at the same depth without touching the bottom and walls of beaker. Thus the pH 
of distilled water and retention in pH value of distilled water at different magnetic field 
strengths was determined at different interval of time and observes the results before and 
after use of application of different magnetic field strengths. Statistical analysis was 
performed using the tukey’s test. 
 

3. RESULTS AND DISCUSSION 

Effect of Magnetic Field on pH of Distilled water 

For the better growth of crops or to get yield at large scale, pH is one of the most 
important parameter. Normally for the better growth of crops, pH of soil should be of 
basic character. The pH parameter is used to find out the whether the water is acidic or 
basic. The graph shows the experimentally observed values of pH at different magnetic 
field strengths ranging from 0.1 T to 0.3 T. The maximum and minimum value of pH of 
distilled water after magnetic treatment reached to 6.53 and 6.89 at 0.1 T and 0.3 T 
respectively that are shown in Fig. 4. 

After the magnetic treatment pH of distilled water increases. It is shown in Fig. 4 
that pH of distilled water increases with increase in different magnetic field strengths. 

The pH of water generally related with number of  ions in water. The changes in the 
pH of water is due to the magnetization’s possible reason for this may be change in the 
ionization constant of water under the influence of magnetic field resulting in decrease  in 

the concentration of  ions [13]. The effect of magnetic field strength on pH of 

distilled water was observed that was  shown in Fig. 4 indicates, the increase in the pH 
values of distilled water after magnetic treatment and retention in pH values of distilled 
water i.e. after removal of magnetic field strength the pH values of magnetized distilled 
water comes to its original value. 
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Figure 4. Change in pH of distilled water at different magnetic field strengths 

 
The pH of magnetized distilled water under influence of magnetic field strength very 

slowly increases with time. In both the cases the pH of distilled water increases with 
increase in magnetic strengths and also increases with increase in time. 

The trend of pH of distilled water under the influence of three different magnetic 
field strengths was revealed by the Fig. 4.The maximum increase in pH of magnetized 
distilled water was 6.89 at 0.3 T. The results were found to be significant with Tukey 
analysis.  

4. CONCLUSIONS 

The pH changes with magnetic field strength. It was found to vary linearly with increase 
of both the time as well as magnetic field strength. It rose for all possible combinations of 
three different magnetic field strengths (0.1 T, 0.2 T, and 0.3 T). The change in pH values 
obtained from the experiment was in the range of 6.53 and 6.89 where the magnetic field 
strength ranges from 0.1T to 0.3T. Magnetic field strengths affects pH, but the pH of 
magnetized distilled water under influence of magnetic field strength very slowly 
increases with time.  
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Abstract: Ohmic heating is a food processing technique. Mango juices having 90% and 80% soluble 

solids were heated ohmically at two voltage gradients (27 & 22V/cm). Measurements were made from 

20-80°C. Electrical conductivity has linear dependence with temperature. Their values were in the 

range of 6-15 S/cm. Effect of voltage gradient on viscosity was observed. 
 

1. INTRODUCTION 

Conventional heating is the common method in the heating of foodstuffs. It consists of 
heat-transfer mechanisms of conduction, convection and radiation. Classic convective 
methods for heating process fluids, using plate heat exchangers, are still the most popular 
methods in the food industry .The internal resistance by conduction results in very 
heterogeneous treatment and degradation in product quality [1, 2]. 

Ohmic heating is a highly attractive technique for food processing. It is based on the 
passage of an alternating electrical current through a food product, which serves as an 
electrical resistance [3, 4]. Heat is generated instantly inside the food. The amount of heat 
generated is directly related to the current induced by the voltage gradient in the field and 
to the electrical conductivity [5, 6]. Ohmic heating is an alternative heating system for 
pumpable foods. It was first intended to be applied in liquid food processing and later in 
solid-liquid food mixtures [7, 8].  

Ohmic heating yields better products, clearly superior in quality than those processed 
by conventional heating [9-11]. Its advantages compared to conventional heating also 
include the more uniform and faster heating, higher yield and higher retention of 
nutritional value of food [12-15]. This is mainly due to its ability to heat materials rapidly 
and uniformly leading to a less aggressive thermal treatment. 
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Data on electrical properties of the liquid foods are especially important in their ohmic 
processing as a whole product or fluid medium. Several studies were performed on the 
ohmic heating rates and on the temperature-dependent electrical conductivities of foods. 
However data on the effects of concentration on electrical conductivity values of liquid 
foods are limited. 

The aim of this study was to give detailed electrical conductivity data for 
concentrated mango juices to be heated ohmically in the food industry. Effects of 
concentration based on total soluble solids and applied voltage gradients on ohmic 
heating rates of mango juice concentrates were studied. 

2. MATERIAL AND METHODS 

 2.1 Experimental set up   

Ohmic heating experiments were conducted at a laboratory scale. Ohmic heating system 
consisting of a power supply and isolating variable transformer. The cell employed was 
constructed from PVC cylinder of inner diameter 3.5cm and outer diameter 3.7cm. Two 
stainless steel electrodes were kept at a distance of 10cm resulting in a total sample 
volume of 94.6ml. The ohmic heating system is shown in figure 1.Temperature was 
measured with a K-type thermocouple. Uniformity in temperature was checked during 
the experiment by measuring the temperatures at different locations in the test cell.  An 
Ostwald viscometer was used for the measurement of viscosity. 

2.2 Methodology 

The mango juices having different concentrations of soluble solids (90 & 80%) were 
prepared from the concentrate and these were used to investigate the effect of soluble 
solid concentration on the electrical conductivity and the ohmic heating rates of the 
juices. For this two voltage gradients (27 & 22 V/cm) were applied for each 
concentration of the juice. The samples were poured through the thermocouple port; the 
electronic temperature sensors were inserted and fitted. After the system was sealed, the 
sample was ohmically heated up to a temperature of 700C at 50 Hz frequency, using 
different voltages to obtain different voltage gradients. Current and temperature data were 
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The changes in electrical conductivity of mango juice with temperature during ohmic 

heating at different concentrations are given in Fig. 2. For the same concentration, as the 
voltage gradient increased, the electrical conductivity values increased at a given 
temperature. Electrical conductivity increased linearly with temperature, consistent with 
literature data [4, 16, 17, 18].  

 

Figure 2. Electrical conductivity curves of mango juice having two different 
concentrations at 27V/cm. 

 

Figure 3. Ohmic heating curves of 90% concentration at different voltage 
gradient. 
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Bubbling was observed after 70oC. It was observed that electrical conductivities 

decreased with temperature rise after bubbling started and the heating was stopped. An 
increase in the electrical conductivity values with temperature has been explained by 
reduced drag of the movement of ions [4]. As the voltage gradient increased, time to 
reach the prescribed temperature decreased as shown in Fig. 3.With the increase in 
temperature, the current flowing through the sample also increases. The heating time 
decreased when the voltage gradient was increased [15, 19, 20].  

The heating times decreased as a result of higher heating rates, resulting from the 
higher voltage gradients applied (27 V/cm) at 90 % soluble solids concentration. The 
same trend was observed at 80% soluble solids concentration. There was no appreciable 
change in viscosity after ohmic heating at higher voltage gradient.   

The heating rate of fluid and particles was found to increase with increasing fluid 
viscosity [21, 22]. 

4. CONCLUSIONS 

Mango juice was heated on a laboratory scale ohmic heater by applying (27 & 22V/cm) 
voltage gradient at different concentration (90 & 80 %). The values of electrical 
conductivity were in the range  of 6-15 S/cm. Electrical conductivity of mango juice 
changes with temperature, voltage gradient applied and concentration during ohmic 
heating. Electrical conductivity of the solution increases linearly with the increase of 
concentration as well as temperature. Juice was heated in the range of 20-70° C. bubbling 
was observed above 70°C. Ohmic heating times are dependent on the voltage gradient 
used. Heating time increases with the decrease in applied voltage. The rate of change of 
temperature for 27 V/cm was higher than 22V/cm. No prominent change was observed in 
the viscosity of mango juice at higher voltage gradient when heated ohmically. Ohmic 
heating rate of highly viscous liquid was more. 
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Abstract: Nanotechnology is gaining importance rapidly as a most powerful technology. 

Nanotechnology offers the potential to overcome various serious problems facing mankind over serious 
decades in many fields. Nanotechnology can address the shortage of fossils fuels such as diesel and 

gasoline like in the form of Nanotrees. 

 A team of electrical engineers at the University of California are building a forest of tiny nanowire 

trees in order to cleanly capture solar energy without using fossil fuels and harvest it for hydrogen fuel 
generation. Hydrogen is considered to be a cleaner fuel compared to fossil fuels because there is no 

carbon emission, but the hydrogen currently used is not generated cleanly, by harvesting more sun light 
using the vertical nanotree structure, the team has developed a way to produce more hydrogen fuel 

efficiently compared to its planar counterparts. Various risks involved in using nanotechnology are also 

discussed because it is believed that the most disruptive future changes may occur as a result of 

molecular manufacturing, an advanced form of nanotechnology. 
 

1. INTRODUCTION 

Nanotechnology is gaining importance rapidly as a most powerful technology. 
Nanotechnology offers the potential to overcome various serious problems facing 
mankind over serious decades in many fields. Nanotechnology can address the shortage 
of fossils fuels such as diesel and gasoline like in the form of Nanotrees. 

1.1 What Are Nanotrees? 

Nanotrees are made for nanowires which are made from abundant natural materials like 
silicon and zinc oxide. The trees vertical structure and branches are keys to capturing the 
maximum amount of solar energy. That’s because the vertical structure of trees grabs and 
adsorbs light while flat surfaces simply reflect it. Adding that it is also similar to retinal 
photoreceptor cells in the human eye. In images of Earth from space, light reflects off of 
flat surfaces such as the ocean or deserts, while forests appear darker.  
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2. WHY NANOTREES? 

University of California, San Diego electrical engineers are building a forest of tiny 
nanowire trees in order to cleanly capture solar energy without using fossil fuels and 
harvest it for hydrogen fuel generation. Hydrogen fuel is considered a clean fuel because 
it doesn't generate carbon emissions. However, the conventional method of producing 
hydrogen gas relies on energy from fossil fuels to separate the atoms from other 
molecules like water. 

By harvesting more sun light using the vertical nanotree structure, there a way to 
produce more hydrogen fuel efficiently compared to planar counterparts. The vertical 
branch structure also maximizes hydrogen gas output, said Sun. For example, on the flat 
wide surface of a pot of boiling water, bubbles must become large to come to the surface. 
In the nanotree structure, very small gas bubbles of hydrogen can be extracted much 
faster. “Moreover, with this structure, it is enhanced, by at least 400,000 times, the 
surface area for chemical reactions”. In the long run, it is aimed for even bigger: artificial 
photosynthesis. In photosynthesis, as plants absorb sunlight they also collect carbon 
dioxide (CO2) and water from the atmosphere to create carbohydrates to fuel their own 
growth. Scientists hope to mimic this process to also capture CO2 from the atmosphere, 
reducing carbon emissions, and convert it into hydrocarbon fuel. 

3. PROCESS OF MAKING NANOTREES 

This structure uses a process called photo electrochemical water-splitting to produce 
hydrogen gas. Water splitting refers to the process of separating water into oxygen and 
hydrogen in order to extract hydrogen gas to be used as fuel. This process uses clean 
energy with no green-house gas by product. By comparison, the current conventional way 
of producing hydrogen relies on electricity from fossil fuels. 

The scientists took more than one million nanotrees to form a square centimeter-
sized photo electrochemical cell. From here, the nanotree forest is placed in another 
solution and exposed to sunlight. The vertical silicon structure absorbs the most of the 
light and then transfers electrons through the zinc oxide branches to the surrounding 
water. That reaction produces hydrogen gas, which bubbles up through the solution. 

 
 Student Journal of Physics, Vol. 5, No. 2, July-Sept, 2013 148 



 
 

Nanotrees and its Applications 
 

 
A silicon-based nanowire that grows zinc oxide branches when placed in a chemical 
reacting zinc solution. These nano-structures, like the name suggests, are tiny. One of 
these nanowire trees can reach up to a couple of microns in length. Ten thousand of these 
suckers could fit on the cross-section of a human hair. 

3.1 Nanoscale Silver Filaments 

Nanoscale silver filaments are grown in a treelike pattern. Just as a tree’s leaves collect 
sunlight over a broad surface area relative to their trunks, the filaments of silver nano-
trees would be able to collect solar energy over a broad surface. 

3.2 Nanoflowers 

A nanoflower refers to a compound of certain elements that result in formations which in 
microscopic view resemble flowers or, in some cases, trees that are called nanobouquets 
or nanotrees. "Nano Flower,"a 3-D nanostructure grown by controlled nucleation of 
silicon carbide nanowires on Gallium catalyst particles. As the growth proceeds, 
individual nanowires 'knit' together to form 3-D structures.  

Nanometer scale wires (about one thousandth the diameter of a human hair) of a 
silicon-carbon material (silicon carbide) are grown from tiny droplets of a liquid metal 
(Gallium) on a silicon surface, like the chips inside our home computers. The wires grow 
as a gas containing methane flows over the surface. The gas reacts at the surface of the 
droplets and condenses to form the wires. By changing the temperature and pressure of 
the growth process the wires can be controllably fused together in a natural process to 
form a range of new structures, including these flower-like materials. 

3.3 Advantages 

With regard to safety from unwanted explosions, hydrogen fuel in automotive vehicles is 
at least as safe as gasoline. The nanotree forest is 100 times cheaper than current 
technologies. 

3.4 Disadvantage 

Studying the alternatives of zinc oxide, this absorbs the sun’s ultraviolet light, but has 
stability issues that affect the lifetime usage of the nanotree structure. 
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The main difficulties for implementing are slow absorption/desorption kinetics and high 
reactivity towards air and oxygen, which are also common issues in most lightweight 
materials.   

3.5 Applications 

 Water repellant coatings. 
 Base for a new type of solar cell. 
 Motive powers for cars, boats and airplanes. 

4.0  CONCLUSION 

There are hopes that in the near future our ‘nanotree’ structure can eventually be part of 
an efficient device that functions like a real tree for photosynthesis. 
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1. INTRODUCTION 

The Binary Stars 
 Discovery   
 1st law (Law of elliptic orbits) 
 2nd law (Law of equal areas) 
 3rd law (Law of harmonics) 

Classifications 

 Methods of observation: 
1. visually, by observation 
2. Spectroscopically, by periodic changes in spectral lines 
3. Photometrically, by changes in brightness caused by an eclipse 
4. Astrometrically, by measuring deviation in the position of a star caused by an 

unseen companion.    

 Configuration of the system 
1. Detached binaries  
2. Semidetached binary stars  
3. A contact binary 

 Cataclysmic variables and X-ray binaries 
1. High-mass X-ray binaries  
2. Low-mass X-ray binaries  

 Orbital Period 
 
2. THE BINARY STARS 

 Discovery: 85% of the stars in the Milky Way galaxy are not single stars, like the 
Sun, instead multiple star systems; binaries or triplets. 
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The Binary Star 
 

 

Orbital Period 
Orbital periods can be less than an hour for AM CVn stars, or a few days components 
of Beta Lyrae, but also hundreds of thousands of years Proxima Centauri around Alpha 
Centauri AB  
 

Binary star Orbital period 

AM Canum Venaticorum 17.146 minutes 

Beta Lyrae AB 12.9075 days 

Alpha Centauri AB 79.91 years 

Proxima Centauri-AlphaCentauri AB 500000 years or more 
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Advantage: The best thing about an NRN detector is that the level of NRN is highest 
after 5 weeks but it can still be detected after 20 weeks. Hence it supplies a better way to 
search corpses than traditional techniques. 

b) Hyperspectral Imaging: 

This technique is used to find unmarked graves with special cameras that measures 
changes in light coming from soil and plants. Hyper spectral imaging collects and 
processes light from across electromagnetic spectrum including visible light as well as 
infrared and ultraviolet spectrum. As soon as there is some decay we see a difference in 
the emitted light. 

The reason for the same is as follows:  

For the first 5 years or so, a decaying body inhibits plant growth which initially a pretty 
toxic environment for plants. Plants that grow over such recent graves don’t reflect much 
light in the visible region which scientists can detect through their cameras. 

After 5 years however, the plants growing over such places suddenly reflect light 
instead of absorbing light. Infect the ON GRAVE plants reflect twice as more as light as 
the OFF GRAVE plants. For human eye, observing such changes is very difficult but can 
be easily seen on a hyper spectral camera. 

The increase in reflected light comes from an increase in chlorophyll, the pigment 
that plants use to convert light form the sun. After five years a decomposing body 
becomes fertilizer, supplying the growing plants with much needed nutrients like nitrogen 
and phosphorus. Bigger plants with bigger, healthier leaves reflect more light. 

c) Dead bodies realize chemicals that stain soil above: 

 A decomposing body can fertilize a plant for years. Some graves found by the hyper 
spectral camera at pearl safari could be so years old. Larger many graves could provide 
enough nutrients to encourage noticeable plant growth for hundreds of years suspects 
costopoulous. McGill university teams is currently testing their plant- based hyper 
spectral images at sides in Canada and Costa Rica. The team also hopes to test their 
technique at a suspected mass graves site test their technique at a suspected mass graves 
site in the barren Canadian north.  
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4. DISCUSSION AND BENEFITS OF THE PROJECT 

My project named as DEAD BODY DETECTOR as I told earlier is quite useful and 
Important for the society. The two main advantages of this device is as follows: 
1. The main and the most important motive behind this project is to aid rescue 

operations at the time of calamity. Many people both dead and alive are buried often 
inside the debris at the time of calamities and since the present search techniques 
neither adequate nor sufficient, this device will prove as a boon to the current 
excavation techs. 

2.  Another important mode in which this device can help the society is by helping 
police and intelligence in solving the cases regarding missing persons. At times the 
murderers convict the crimes and hide the dead bodies inside the ground. Solving 
such a case can be too hard if there is no body as an evidence. Thus a device like this 
can be an effective tool in this arena since it is capable of finding both dead and alive 
bodies.   
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Abstract: Radioactive tellurium nuclei produced in Fission reaction is important to determine the 

quadrupole moment and life time of nuclei using gamma ray detector . This poster presentation 
describes the chemical doping of tellurium acid to tellurium metal matrix which method is used to find 

the active tellurium from recoiled nuclei which is produced by fission process and characteristic study 

of various types. of semiconductors and scintillation gamma ray detectors. A comparative study has 
been performed with 50% HPGe detector. Clover HPGe detector and segmented Ge planar LEPS (Low 

Energy Photon Spectrometer) detectors using sources 152Eu and 132Ba. We also identified the gamma 
energy decay of these active nuclei using different gamma energy detector as 50% HPGe and LaBr3 

scintillation detector. 

 

1. INTRODUCTION 

Tellurium is a semi metallic chemical element in the oxygen group (Group 16) of the 
periodic table, closely allied with the element selenium in chemical and physical 
properties. Telluric acid is taken in a tube and is mixed with HCl of strength 6M. A few 
mg of Hydrazine sulphate is taken and then the mixture is slowly warmed under Argon 
lamp. Now sodium bisulphate (NaHSO3) is added to the mixture and again warmed under 
the argon lamp. Te –metal is formed and to separate impurities the method of 
centrifugation is done. These water soluble impurities are removed by washing the tube 2 
or 3 times with water. We pour some acetone in it to keep it far away from oxidation. 
Since the boiling point (B.P) of acetone is very much lower than that of water. So it is 
used instead of water, so that there will not be the chance of oxidation. 
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Again it is dried under the lamp and then heated at very high temperature 3300c to form 
Te matrix. Now we will check whether matrix is tellurium or not, we did XRD on Bruker 
D8 Advance model which showed that matrix produced was indeed tellurium having 
HCP structure. (Fig. 1) 

 

Figure 1:  XRD Spectrum of Tellurium metal matrix 

 

Fission process: In Fission process we used K=130 Variable Energy Cyclotron at 
VECC, Kolkata which produced 40 MeV alpha beam energy and current of beam 
200nA. 

                  238U (4He, f)  131,132Te  ,  

              Eα = 40 MeV, Ibeam  = 200nA 
For getting active tellurium, we did a fission reaction using Using UO2 by 
bombarding alpha beam when we hit the target. Many nuclides are produced such 
as Cs, Sn, Pd, U, Pu and Tellurium etc. These nuclides are caught at aluminum 
foils these Foils are dissolved in HCl solution of strength 6M under warm 
condition.  
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After that we did the same procedure as we discussed forming inactive tellurium 
from the telluric acid. Following the Same method we got Active tellurium (Fig. 
2). 

 

 Figure 2: Schematic diagram of Fission process. 

Gamma decay analysis- After getting active Tellurium we analyzed the gamma decay 
energy using 50% HPGe detector (Fig. 3) and LaBr3 scintillation detector at PMT 
voltages 2500V.  

 

Figure 3: Gamma Energy level decay using 50% HPGe 
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Figure 4: Gamma Energy  Decay level of Te using LaBr3 Scintillation detector. 

We compared the different HPGe detectors on the basis of Efficiency, Resolution and 
Response curve. Energy vs Efficiency plot of different HPGe detectors are given below: 

Efficiency has been calculated by using the formula given below: 

Efficiency =  
No. of photons detected by the detector

No. of photons emitted by the source
  

Fig.5 is showing that the efficiency of the detector is decreasing with increasing energy 
but for 81.0 keV,it is lower than that of 121.78 kev. This is due to the window effect 
which increases rapidly for energy below 100 keV. 

The results shows that Clover detector, when used in add-back mode gives better peak, 
thus increases the photo peak efficiency in comparison to 50% HPGe and LEPS. In 
efficiency curve, we concluded that efficiency of the detector decreases due to summing 
effect and window effect for low energy gamma ray. Better resolution curve is obtained 
for 50 % HPGe detector. For Clover detector a poor resolution curve is obtained and we 
also got the linear response curve for all these detectors. 
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 Figure 5: Energy vs. Efficiency plot for different detectors. 

Add-back factor is the ratio of add-back efficiency to the added efficiency of the photo 
peak. 

                F= 
add-back effiiciency

added efficiency
, where, F is the add-back factor. 

 

Figure 6: Add-factor Vs. Energy Curve. 
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 Figure 7: Resolution curve for 50% HPGe detector and Clover detector. 

 

Better resolution curve is obtained for 50 % HPGe detector. For Clover detector a poor 
resolution curve is obtained. 
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2. CONCLUSION 

We conclude that active tellurium decayed producing the gamma rays of energy 49.8 kev, 
80.7keV, 102.1keV, 150.1 keV, 228.4 keV and 364.2 etc. The comparative study of 
various HPGe detectors shows that Clover detector in add-back mode gives 
comparatively better efficiency curve than other HPGe detectors. In case of resolution, 
50% HPGe proved to be better where as poor resolution curve is obtained with Clover 
detector.  
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Abstract: Plasma, described as the fourth state of matter, comprises charged species, active molecules 
and atoms. Plasma based methods offer great potential for developing technologies for realising the 

healthcare and cleantech revolutions. These technologies could impact a range of healthcare and 

cleantech sub-sectors. Plasma medicine is an innovative and emerging field combining plasma 

physics, life sciences and clinical medicine to use physical plasma for therapeutic applications. Initial 

experiments confirm that plasma can be effective in in vivo antiseptics without affecting 

surrounding tissue and, moreover, stimulating tissue regeneration. Based on sophisticated basic 
research on plasma-tissue interaction, first therapeutic applications in wound 

healing, dermatology and dentistry will be opened. These plasma-generated active species are useful for 
several bio-medical applications such as sterilization of implants and surgical instruments as well as 
modifying biomaterial surface properties. Sensitive applications of plasma, like subjecting human body 

or internal organs to plasma treatment for medical purposes, are also possible.  In the present poster, 
some medical applications of plasma are discussed. 

 

1. INTRODUCTION 

We are surrounded by plasma, meaning to say that 99% of the universe is in the 
plasma form. Plasma is a quasi-neutral medium of positive and negative particles which 
responds strongly to electromagnetic fields. Although these charged particles are 
unbound, these are not free. When these charges move they generate electrical currents 
with magnetic fields, and as a result, they are affected by each other’s fields that is we 
can say that they show collective behaviour. We live in 1% of that universe which is not 
actually plasma. The reason being high temperature conditions required for its quasi-
neutral existence. 
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Plasma medicine is an innovative and emerging field combining plasma physics, life 
sciences and clinical medicine. Plasma medicine is emerging worldwide as an 
independent medical field-comparable to the launch of laser technology into medicine 
years ago. It has been known for a long time that ionized gases have biocidal effects, but 
only in 1996 successful killing of bacteria with plasma was reported [1]. In contrast to 
conventional methods which usually require high temperatures or high concentrations of 
chemical substances such as ethylene oxide, ozone or chlorine, cold plasma can also be 
used on heat-sensitive and chemically reactive surfaces. Plasma acts rapidly and very 
effectively and penetrates the smallest openings and hollow spaces. How plasma actually 
achieves disinfection or sterilization is not yet fully understood. According to current 
knowledge both physical mechanisms and biological mechanisms appear to be 
responsible for the inactivation of bacteria [2]. 

On the basis of their high bactericidal effectiveness plasmas are also used to sterilize 
medical devices and in packaging food stuffs. Various researches range from 
investigation of the fundamental physics, study of the optimal, individual plasma 
composition over the interaction of plasmas with prokaryotic and eukaryotic cells, 
viruses, spores and fungi, cell structures such as cell membranes, DNA, lipids and 
proteins up to studies on plant, animal and human tissue and finally on patients. Without 
damaging surrounding healthy tissue, cold atmospheric-pressure plasmas at room 
temperature lead to diverse reactions in tissue [3]. Plasma medicine can be subdivided into 
three main fields: 

1. Non-thermal atmospheric-pressure direct plasma for medical therapy 
2. Plasma-assisted modification of bio-relevant surfaces 
3. Plasma-based bio-decontamination and sterilization 

2. ANIMAL AND HUMAN LIVING TISSUE STERILIZATION 

The direct plasma treatment implies that living tissue itself is used as one of the 
electrodes and directly participates in the active plasma discharge processes. Direct 
application of the high-voltage (10–40 kV) non-thermal plasma discharges in 
atmospheric air to treat live animals and people requires a high level of safety 
precautions. 
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Safety and guaranteed non-damaging regimes are the crucial issues in the plasma 
medicine. Discharge current should be obviously limited below the values permitted for 
the treatment of living tissue. Moreover, discharge itself should be homogeneous enough 
to avoid local damage and discomfort. Creation of special atmospheric discharges 
effectively solving these problems is an important challenge for plasma medicine. 
Fridman et al. especially developed for this purpose the floating-electrode DBD (FE-
DBD), which operates under the conditions where one of the electrodes is a dielectric 
protected powered electrode and the second active electrode is a human or animal skin or 
organ–without human or animal skin or tissue surface present discharge does not ignite 
[4,5,6,7]. 

3. NON-THERMAL PLASMA-ASSISTED BLOOD COAGULATION 

Blood coagulation is an important issue of medicine, in particular regarding wound 
treatment. Quasi-thermal plasma has been traditionally used for this application in the 
form of the so-called cauterization devices: APC, argon beam coagulators, etc [8,9,10]. In 
these devices, widely used in particular in surgery, plasma is just a source of local high 
temperature heating, which cauterizes and desiccates the blood. Recent development of 
the effective non-thermal plasma medical systems permits to achieve effective blood 
coagulation without any thermal effects. 

4. OTHER APPLICATIONS [11] 

4.1 Gynaecology 

In surgery, where the abdominal cavity was opened, the purulent wound was processed 
by air plasma in the coagulation regime, and then at later time by the plasma NO-therapy 
they achieved by remote action through the front abdominal wall and vagina. 

4.2 Dentistry 

Effectiveness of the plasma NO-therapy has been demonstrated on the chronic gingivitis. 
After the first session of the therapy, gum bleeding ceased, after 1–2 weeks normalization 
of tissue and regional blood flow in the tissues of periodontium.  
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Low-temperature plasmas also make a dissolution or removal of biofilms, often found on 
catheters, medical implants and teeth, possible. Biofilms are three-dimensional 
accumulations of microorganisms that adhere to a surface and are enclosed by polymeric 
substances and can, for example, effectively protect yeasts from attacks out of the 
environment or the immune system. This markedly increases resistance towards 
antifungal agents. Lee et al, among others, were able to show that biofilms could be 
removed in less than 20s and the growth of planktonic bacteria in biofilms could be 
inhibited within 5s [12]. 
Other various applications are in the field of Traumatology, Orthopaedics, Phthisiology, 
Ophthalmology, Dermatology, Gastroenterology etc. 

5. CONCLUSION 

Thanks to interdisciplinary cooperation in medicine, physics, chemistry, biology and 
microbiology plasma medicine has developed into an innovative and dynamic field of 
research in recent years. Even if many questions remain unanswered – especially the 
mechanism of interaction between plasma and living cells/ tissues and the optimization of 
plasma composition depending on the desired effect – studies to date illustrate the great 
potential of plasma medicine. Cold plasmas will surely be available in the near future to 
an increasing extent both for therapy and prevention of diverse, particularly infectious 
diseases. There does exist a vision of a breakthrough in medicine comparable to the 
introduction of antibiotics. The superiority of plasmas in comparison to previous medical 
standards remains to be clarified, especially in economic terms.  
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The History of Optics 
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INTRODUCTION: 

 Importance Of History 

 Periods Of Optical History 

 Milestones 

IMPORTANCE OF HISTORY: 

 History is important 

 A proper study of historical experiments can give crucial context and understanding 

 Many important and enlightening experiments have been ''forgotten'' by the world of 
science 

 An understanding of such experiments can provide inspiration and a better 
understanding of the philosophy of science 

PERIODS OF OPTICAL HISTORY: 

 Prehistory: Initial studies of optics and vision. Aristotle, Ptolemy, Ibn- al-Haitham 
wrote books of optics between 1011-1021 C.E. 

 Particle Nature:  Light treated as a stream of particle. Newton published “Optiks” in 
1704. Francois Arago studied stellar aberration in 1810. 

 Wave Nature: Light treated as a continuous wave. Thomas Young published double 
slit experiment in 1803. Charls Barkla exhibited X-ray have polarization in 1905. 

 Quantum Physics: Light has wave/particle duality. Einstein published photoelectric 
effect in 1905.  

 Modern Physics: Light even weirder than we imagined! Maiman built first laser in 
1960. Leonard Mandel showed multi-photon interference in 1963. 
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Abstract: Mars is the second smallest planet of our solar system. It is also called Red Planet because 

of its red appearance. It is a terrestrial Planet with a thin atmosphere and possesses some features like 
volcanoes, valleys, deserts and polar ice caps, similar to that of the Earth. The rotational period and 

seasonal cycles on mars are similar to those of Earth. It has two moons named phobos and Deimos. 
In 1965 it was speculated after observations by Mariner-4 that the surface of Mars was covered with 

a lot of water bodies. This fact was supported by the later unmanned missions, whose geological 
evidence suggested that once Mars had large scale water coverage on its surface. Radar data also 
proves the presence of large quantities of ice at its poles and mid-latitudes. In 2007 some water 

containing compounds were collected by rover with Spirit. Our space agency ISRO is now looking 
forward to two  key dates, December 1,2013 when the Mars Orbiter Mission(MOM) space craft 

leaves the Earth’s gravitational field and September-24,2014 when it is captured by the Martian 
orbit. Till now 51 numbers of such attempts have been made by various countries, out of which only 

21 numbers of such mission have succeeded. 
 

1. INTRODUCTION 

In our solar system Earth is said  to be the sole planet. Hence, utilising his powerful 
intellect and wisdom, man has started to explore the possibility to build shelter in any 
other  planet. In this quest Mars is considered to be a good option. Amidst a number of 
criticisms, hopes and aspirations, India has advanced one step forward in the journey to 
space. Our country’s tryst with space science dates back to ancient astronomers and 
mathematicians like Aryabhatta, Bhaskar, Brahmagupta, Pathanisamanta and many 
others who have striven a lot to understand and explore apace. Since 1960 India has 
taken deep interest in the field of space science. After the successful completion of 
Chandrayaan-1, India became very enthusiastic to start the Mangalayan mission. 
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With a view to reveal the unknown facts and to study various aspects of the parameters 
supporting the existence of life on mars, three countries namely USA, Russia and 
Europe had undertaken such attempts. India will be the fourth country and first in Asia 
to keep pace with the mission in the name of Mars Orbiter Mission (MOM). 

2. MAJOR SECTIONS 

2.1 Objectives 

It is India’s first interplanetary mission, where an orbiter is carried to Mars on being 
boarded on PSLV-C25, indigenously built by India. This earlier version of the launch 
vehicle has been improvised to suit the needs of Mars mission. Primary among these 
changes being that it would successfully carry out a flight which has twice its usual 
payload. That would be a display of India’s ability to conceive, design, develop and 
execute a complex space mission. On reaching Mars orbit, the focus would shift to the 
various instruments, that are on board of the orbiter, which would carry out a number 
of  information gathering exercises such as detection of methane, charting of  Martian 
surface, surveying of soil composition, understanding the presence of water and 
monitoring surface weather phenomenon on the planet. MOM  will serve as a 
technology demonstrator for future space mission. Mangalayaan’s journey is a 300 
day, 78 crore km journey to orbit Mars and survey its geology and atmosphere. At its 
closest point it will be 365 kms from the planet surface and at its farthest 80,000 kms. 
The 1337 kg Mars orbiter satellite will be put into a 250 km ×23,500 km elliptical orbit 
into its trajectory in about 44 minutes. 

2.2 Time Line of the Mission 

cAccording to ISRO chief Radhakrishnan, India’s attempt in this field is an 
interplanetary mission which would pass through three phases namely Geo centric, 
Helio centric and Martian. On 5th November 2013the 44.5 metre PSLV C25 will 
launch MOM into an initially elliptical Earth parking orbit of 248k.m.×23000k.m.. On 
1st December when the spacecraft will be injected, it will leave Earth’s orbit into outer 
space in a trajectory where it will be computed for 280 days ahead of positioning it 
near Mars. For these days the space craft will float through the inky void towards 
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Mars. During November 5 to November 30, when the orbiter will move around Earth 
at a position 250kms away from equator(perigee), its apogee will be raised to 

132,000kms from 23,500kms on November 16 firing its motors from ISRO’S 
telemetry, tracking and command network. On 1st December the motor will be fired at 
00.42am (IST), so that the velocity at the orbiter will rise and will start its journey 
towards Mars. After nine months on September 2014 another firing of motor will 
reduce the velocity so that the orbiter will precisely capture the martian orbit. The 
speed of the space craft will be 9.8kms/sec. After launch during 5 orbit raising 
manoeuvres and trans orbitr injection will be given an additional velocity of 
1.55kms/sec. For its nine months journey and reduced to 1.11kms/sec. On 24th 
September. After reaching Mars orbit, the orbiter will move at that speed for over six 
months. 

2.3 Instruments Present on the Orbiter 

MOM satellite has carried five instruments of mass 15kg to study martian surface, 

atmosphere, mineralogy and many other parameters. Its payload comprises, besides the 
Tri colour; Mars Colour Camera to image the planet and its two moons, phobos and 
Diemos, the Lyman Alpha Photometer to measure the abundance of Hydrogen and 
Deuterium and understand the Planet’s water loss process, a Thermal Imaging 
Spectrometer to map surface composition and mineralogy, the MENCA mass 
spectrometer to analyse atmospheric composition and the Methane Sensor for Mars to 
measure traces of potential atmospheric methane down to the ppm level. 

2.4 Mission Plan 

The mission planning is done in conjugation with three phases: 

 (a) Geo-centric Phase:   

The spacecraft is injected into an Elliptical orbit by the launcher. With six main 
engines, the spacecraft is gradually manipulated into a hyperbolic trajectory with 
which it escapes from the Earth’s sphere of Influence (SOI). The SOI of earth ends at 
918347 km from the surface of the earth beyond which the disturbing force on the 
orbiter is due to the sun only. One primary concern is how to get the spacecraft to 
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Mars, on the least amount of fuel. ISRO uses a method of travel called a Hohmann 
Transfer orbit Or a Minimum Energy Transfer orbit to send a spacecraft from Earth to 
Mars with the least amount of fuel possible. 

(b) Helio-Centric Phase:  

The spacecraft leaves Earth in a direction tangential to Earth’s orbit and encounters 

Mars tangentially to its orbit. The flight path is roughly one half of an ellipse around 
sun. It will intersect the orbit of Mars at the exact moment that Mars is there too. This 
trajectory becomes possible with certain allowances when the relative position of 
Earth, Mars and sun form an angle of approximately 44̊.  Such an arrangement occure 
periodically at intervals of about 780 days. Minimum energy opportunities for Earth-
Mars occur in November 2013, January 2016, may 2018 etc. 

(c) Martian Phase 

The Spacecraft arrives at the mars sphere of influence (around 573473km from the 
surface of mars) in a hyperbolic trajectory. At this time the spacecraft reaches the 
closest approach to Mars, then it is captured into planned orbit around Mars which is 
called the Mars Orbit Insertion (MOI). 

2.5 Programmes so far   

Under the name of Mars Orbiter Mission(MOM) India launched its Orbiter from Satish 
Dhawan Space Centre, Sriharikota on 5th November 2013, exactly at 2.38pm(IST).  
The rocket on which the orbiter was launched was a polar satellite launching   
vehicle(PSLV-C25) weighing 320 tonnes and having a height of 44 metres. Rupees 
110 crores have been spent in making this. It carried 1340kg Mars Orbiter costing 
rupees 150 crores. For augmenting the ground support about 90 crore rupees have been 
spent in this mission. About forty four minutes after lift-off, the solar panels and the 
main dish shaped antenna of the spacecraft got successfully deployed. Subsequently, 
the other intended operations to accurately stabilise the spacecraft were also performed 
successfully. 

 The first orbit raising of Mars orbiter was performed in the wee hours on 
Thursday, two days after its successful launch into orbit around the earth. At 1.17 a.m., 
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the first five liquid apogee motor (low) engine of 440 Newton thrust of the space craft 
was fired for 416 seconds by commanding it from space craft control at ISTRAC. With 
this the space craft apogee has been raised to 28,825 km while its perigee was at 
252km. 

The second orbit raising manoeuvre that started at 2.18 am on Friday has been 
successfully completed. The on board motor of orbiter was fired for 570.6seconds 
taking it to 40.186km apogee from the Earth level of 28,814km. 

2.6 Conclusion    

After a journey of 300 days and nearly 700mn km, if all goes well, Mangalayaan will 
enter the orbit of Mars. It will then try to explore the mineral composition of the red 
planet.It will try to find methane on the Martian surface. The presence of methane gas 
is an indicator of biological  presence & the biological presence leads to prove about 
the existence of life.  

This is an achievement that the Mangalayaan happens to be the most 
economical orbiter till date.The Mars Orbiter Mission launched its orbiter from Satish 
Dhawan space centre, Shriharikota on 5th November 2013, exactly at 2.38 pm. The 
mission has cost the country ₹450crore. It is the cheapest ticket to the Red planet, & a 
world Record in the history of mars exploration. Because it carried a low price tag way 
as compared what NASA, the European space Agency, Japan and china spent on their 
journey mars. If all goes well the craft will enter the Mars orbit on September 21 of 
this year. It is the perfect and precise launch and is the first major test in inter-planetary 
mission. 

Hence, the chairman of  ISRO, Dr. K. Radhakrishnan and the scientists utilised 
their scientific intellect, endurance, desire and they provide the opportunities to keep 
up our nations dignity though India is striving under poverty, hunger, illiteracy, 

sanitations & so many other burning problems. So friends lets congratulate and 
appreciate the deeds of our scientists and expect an optimistic result from the mission. 
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Abstract: The advent of Nanoscience as envisioned by nobel laureate Richard P. Feynman proclaiming 

that “There is Plenty of Room at the Bottom” has pushed frontier in physics forward towards 

fulfillment of an alchemist dream of creating new elements but without a nucleus. Today we have 

technologies by which we have moved from the natural atoms to creation of artificial atoms with a 
novel  way of confining electrons in the small space which are not exactly the new elements but confine 

electrons in the same way as in a natural atom but without the requirement of a charged nucleus. This is 
leading to the emergence of new possibilities influencing new technologies. 

In this poster we present a comparison of the world of artificial atoms with natural atoms and how 

these so called artificial atoms are bringing new paradigm shifts to very well established technologies 
from long distance communication to design of quantum computers. 

1. INTRODUCTION 

Key to making Natural atoms in nature and Artificial atoms in laboratory is confinement 
of electrons by some means. For all the Natural atoms listed in  the periodic table 
confinement is because of the attractive electrostatic potential between the positively 
charged  nucleus and negatively charged  electrons surrounding nucleus.So the question 
is if by some other means we can confine the electrons of such atoms termed as artificial 
atoms.  

Natural atoms (such as neutral atoms and ions) Artificial atoms (such as 
superconducting circuits or semiconductor quantum dots or spins in solids) [1]. 
Semiconductor nanocrystals are called Artificial atoms because of their atom-like discrete 
electronic structure resulting from quantum confinement [2]. Natural and artificial atoms 
can be coupled with each other and can also be interfaced with photons for long-distance 
communications. Quantum dots are fascinating objects,since in some respect they can be 
regarded as artificial atoms and  exhibits discrete and tunable structure in its optical and 
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From Natural to Artificial Atoms: Expanding Horizon at  Nanoscale 
 

 Table 6. Quantum Computers Vs. Traditional Computers [6] 

Quantum Computers Traditional 
Computers 

a) Computers would store information as either 1, 
0, or a quantum superposition of the two states, 
allows for far greater flexibility. 

b) Because of Quantum Parallelism it would be 
able to perform calculations on a far  greater 
order of magnitude 

a) Computers function by 
storing data in a binary 
format or bit (1s & 0s). 

b) Not possible in case of 
traditional computer. 

8.  APPLICATIONS OF ARTIFICIAL  ATOMS 

a) Nanoelectronics   
b) Quantum Computation,Photonic devices: solar cells, Light Emitting Diodes, 

Photo detectors,  LASER 
c) Biology: biosensors, imaging.  
d) Flat -panel Display, Memory elements. 
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STUDENT JOURNAL OF PHYSICS           © Indian Association of Physics Teachers 

 

About IAPT 

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

Indian Association of Physics Teachers (IAPT) was established in 1984 by dedicated 
physics teacher and visionary (Late) Dr. D.P. Khandelwal with active support from 
likeminded features with the aim of upgrading quality of physics teaching at all level in 
the country. Since then it has grown into a major organisation with about 6000 members 
spread over throughout the country and abroad, besides annual members, student 
members and sustaining members. All IAPT work in voluntary, no remuneration is paid 
to members for any IAPT activity. 

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

Current Activities of IAPT 

Publications 

Bulletin – a monthly (32 pages) with the record of uninterrupted publication since 1984. 
Besides reporting IAPT activities it also carries articles on developments in physics and 
physics education. Free to the members, it also serves as a vehicle of expression and 
communication amongst them. 

Journal of Physics Education – The IAPT has taken over the publication of this 
quarterly (previously published by UGC) publication since April 2001 (volume 18). Life 
members of IAPT can get it at concessional rate. It carries research articles on Physics 
education 

Student Journal of Physics – A quarterly journal carries out articles and research reports 
by UG/PG students. It also carries invited articles from physicists of repute, now 
rechristened as Student Journal of Physics. 
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Pragami Trang – This bilingual (Gujarati & Partly English), has been started since 2009 
by Gujarat RC.      

Horizons of Physics – In a book series brought out for physics teachers and students. 
Each volume contains about 15 review articles written by experts, 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 with the objectives: to enable the 
student judge him/herself against a national standard; to present correct perspective of 
physics; to enhance the students-teacher interaction through discussion on the Q-paper. 
Members or students are identified, duly honoured and awarded medals and token prizes. 
These examinations constitute the first step towards participation in International 
Olympiads in respective subjects. The responsibility of selecting and sending the Indian 
team to the international Olympiads rests with the Homi Bhabha Centre for Sciences 
Education (HBCSE) with whom IAPT works in close collaboration.                   

 

Evaluation of experimental skills 

IAPT started this evaluation with NSEP and NGPE, examinations since 1992, essentially 
to stress the point that no evaluation of a science student is complete without inclusion of 
an evaluation of experimental skills.                   

 

Extra Low-Cost Book (ELCB) programme 

Under this programe life members are offered quality physics books at a considerable 
discount, under arrangement with publishers. The aim is to help teachers build up their 
personal libraries. 

For Teachers       

NCIEP (National Competition for Innovative Experiments in Physics): This 
programme is being held since 2003, to encourage Physics Teachers to conceive and set 
up original innovative experiments in Physics. The Competition is held every year at the 
venue of The Annual Convention. The high quality of entries shows the usefulness of the 
programme.  
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National Competition for Computational Physics (started 2011) 
Essay Competition: Gujarat RC of IAPT organizes a National Essay Competition for all 
teachers for the last few years. 

Anveshikas (Experimental Physics Centres)  

The first such centre was established at SGM Inter College, Indira Nagar, Kanpur in 
2001. It provides a base for generating interest in Experimental Physics in young 
students. upto +2 level through learning by doing. Facilities exist for conducting Teachers 
Orientation Programmes for encouraging them to undertake class room teaching through 
demonstrations. A mobile unit gives demonstrations in schools by prior appointment. 
Each demonstration session is of about 2-3 hour duration. This programme generates 
interest is students for Physics and clarifies the basic principles. A number of such 
centres are now coming up in the country. 

NANI: It has been decided to establish a National Anvashika Network of India (NANI) 

of 100 Anveshikas. Already (2011) nearly 15-20 Anveshika’s have come into existence 
others are in the offering.    

Centre for Scientific Culture (CSC): The Centre established at Midnapore CoIlege, 
Midnapore (WB), provides an year round exclusive facility, of working experiments in 
Physics. It is also engaged in developing laboratory experiments exercises in physics at 
school level.  

Orientation Programmes/Seminars/Workshops for Teachers 

These are organised regularly by Regional Councils in both, theoretical and Experimental 
Physics. A number of such programmes have been carried out with the support from 
MHRD, Infosys Foundation and other such agencies.                    

Conventions 

A 3-day National Convention is organised every year, since 1984 on some specific 
theme. Papers are presented by members and lectures are delivered by experts in the 
field. Presentation of innovations in teaching methods, demonstrations and lab 
experiments is a regular feature in all conventions. Regional Councils also organise 
regional conventions at their convenience. Teachers’ talent in various aspects of Physics 
education is identified and rewarded by organizing contests during conventions. 
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About Department of Physics, Panjab University 

The Department of Physics was established in 1947, in Govt. College, Hoshiarpur 
(Punjab). In August 1958, the department was shifted to the present campus. At that time, 
the department was headed by Prof. B.M. Anand who had worked with Nobel laureate 
C.F. Powell. The faculty numbered about a dozen and Prof. Anand soon established a 
high-energy particle physics group (nuclear emulsion) and optical UV spectroscopy 
group. The experimental nuclear physics group and mass spectrometry section came into 
existence soon after. 

With Prof. H.S. Hans joining the department in the late sixties, the research activities got 
a major fillip—cyclotron was installed. Three major research groups in nuclear physics, 
particle physics and solid-sate physics including both theory and experiments were 
strengthened and mass spectroscopy laboratory was modernised. Since then the 
department never looked back. It has UGC Special Assistance Programme (SAP) from 
1980 to 1988 and College Science Improvement Programme from 1984 to 1991. With the 
success of the above programs and of research activities in particle physics, nuclear 
physics and solid-state physics through national and international collaborations, the 
department became a major research centre amongst Indian universities. 

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

Besides imparting quality education to the department students, the faculty also teach 
specialisation subjects, like nano-technology, nuclear medicine and medical physics to 
name a few. The department participates in various national and international research 
initiatives and also hosts various conferences, seminars, meetings etc. of research interest 
regularly. The department has an 11-inch telescope to encourage/inculcate the scientific 
temper among public and with particular emphasis on college and school students. 
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The department houses Indian Association of Physics Teachers (IAPT) office and 
actively leads in IAPT and Indian Physics Association (IPA) activities. 
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