
PHYSICS NEWS

R.P. Kane, PRL

Vikram Sarabhai Birth Centenary   

Nobel Prizes 2019 The Periodic Table at 150

BULLETIN OF THE INDIAN PHYSICS ASSOCIATION
October – December 2019 No. 4 Vol. 49    ISSN: 0253 – 7583

www.tifr.res.in/~ipa1970



INDIAN PHYSICS ASSOCIATION was founded in 1970 with the following aims and objectives:

a) to help the advancement, dissemination and application of the knowledge of physics

b) to promote active interaction among all persons, bodies, institutions (private and/or state

owned) and industries interested achieving the advancement, dissemination and application of

the knowledge of physics

c) to disseminate information in the field of physics by publication of bulletins, reports,

newsletters, journals incorporating research and teaching ideas, reviews, new developments,

announcements regarding meetings, seminars, etc., and also by arranging special programmes

for students or establishing student cadres

d) to arrange seminars, lectures, debates, panel discussions, conferences and film shows on

current research topics and other topics of national and local interest pertaining to research and

teaching in physics

e) to undertake and execute all other acts as mentioned in the constitution of IPA

President

Dr. A. K. Mohanty

ajitkumar.mohanty@gmail.com

Vice President 

Dr. S. M. Yusuf

smyusuf@barc.gov.in

General Secretary

Prof. Vandana Nanal 

nanal@tifr.res.in

Joint Secretary

Dr. Pawan Kumar Kulriya

pawaniuac@gmail.com

Treasurer

Dr. D. V. Udupa

dudupa@barc.gov.in

Members

Dr. D. Kanjilal

dkiuac@gmail.com

Dr. N. K. Sahoo

sahoonk@gmail.com

Dr. Bivash R. Behera

bivash@pu.ac.in

Dr. Sudhakar Panda

panda@niser.res.in

Prof. Srubabati Goswami

sruba@prl.res.in

Prof. Vijay Singh

vijay.singh@cbs.ac.in

Room No. 4, PRIP Shed

Bhabha Atomic Research Centre

Trombay

Mumbai – 400 085

Tel.: +91 22 25505138 / 25595369

E-mail : ipa.india@gmail.com   Website : www.tifr.res.in/~ipa1970

Room No. 103 B, NIUS Building

Homi Bhabha Centre for Science Education

V. N. Purav Marg, Mankhurd

Mumbai – 400 088 

Tel: +91 22 25072531



       

PHYSICS NEWS is funded by a grant from the Board of Research in Nuclear Sciences (BRNS) of the department 

of Atomic Energy, Government of India. 

Image Credits : Front cover image of Dr. Vikram Sarabhai :-DECU, ISRO; Back cover :- "The chemical galaxy" 

by Philip Stewart, http://www.chemicalgalaxy.co.uk 

PHYSICS NEWS 

Vol. 49 No. 4 October – December 2019   

Contents 

Editorial                                                                                                                                    2 

From the President’s Desk                                                                                                       3 

Articles 

Dr. Vikram Sarabhai: Father of Indian Space Program                                                           4 

Padmanabh K Joshi                                                                                                                

Scientific Leadership of Dr. Vikram Sarabhai                                                                         8 

R Chidambaram                                                                                                                         

One Hundred Years of Modern Physical Cosmology                                                            11 

T.P. Singh                                                                                                                                     

From the margins to the mainstream: Nobel celebration exoplanets                                     15 

Manoj Puravankara, Ravinder Banyal and Mayank Narang                                                      

Evolution of Periodic Table and chart of Nuclides                                                                21 

S  Kailas                                                                                                                                       

Physics of Laser Plasma Interaction                                                                                       27 

Amita Das                                                                                                                                    

Sculpting Science: An Experiment in Art                                                                              32 

Sukant Saran               

News and Events 

IPA award announcement                                                                             40 

Report on PFP2019                                                                                                                 42 

Report on Vigyan Samagam                                                                                                   45 

Book review: “Emergence of Modern Science in Colonial India”                                         46 

Obituaries: Prof. S.P. Pandya and Prof. Abhijeet Mookerjee                                                47 

Backscatter: The elements of marketing                                                                                48  
 

 

 

 

 

 

The opinions expresses in the articles in this issue are those of the authors and do not necessarily reflect the opinion 

of the Physics News or IPA 

 

http://www.chemicalgalaxy.co.uk/


Physics News  

 

PHYSICS NEWS is published quarterly and is the official bulletin of Indian Physics Association, IIT Bombay, Mumbai – 400 076 

PHYSICS NEWS is mailed free to all members. Copies can be purchased at the rate of ₹.150 per copy. Correspondence regarding 

subscription and other matter should be addressed on ipa.physicsnews@gmail.com  
 

  
 2   

PHYSICS NEWS (ISSN : 0253-7583)                               October-December 2019 
 

                                             Editorial 
  

In our final issue for 2019 we celebrate the birth centenary of   

Dr. Vikram Sarabhai, the father of the Indian space programme, 

a brilliant physicist and multifaceted personality who has 

contributed to science, technology and education in a significant 

way. We have two articles on Dr. Sarabhai, penned by eminent 

personalities who had the privilege to have interacted with him. 

The October-December issue also typically covers the physics 

Nobel Prize for the year. This year’s Nobel has been awarded to 

Peebles, Mayor and Didier for their outstanding contributions 

related to “our understanding of the universe and earth’s place in 

cosmos, and we have two articles elucidating the background and 

highlights of the work of the laureates.  The year 2019 was also 

the United Nation’s “International Year of the Periodic Table of 

Chemical Elements” to commemorate the 150 years since 

Mendeleev formulated his periodic arrangement of the elements. 

An article outlining the evolution of the periodic table, in 

particular the discovery of the new super-heavy elements and 

isotopes, should give our readers both a historical perspective as 

well as a glimpse of the current status. We also have an article on 

physics of laser plasma interactions and their interesting 

application to generation of high magnetic and electric fields. A 

very different perspective on the interaction between art and 

science is covered in a write up on “sculpting science”. We have 

introduced a new last page feature that takes a light hearted look 

at the world of physics. Keeping with the this year’s theme of 

periodic table, in this issue we present the elements of marketing.  

We hope you enjoy the different articles in this issue, and 

look forward to your valuable feedback and suggestions to make 

Physics News grow in stature and strength.                                                                                                              

Editorial Board 
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From the President’s Desk 

 

In this issue, we remember one of the greatest scientists and 

visionaries of India – Dr. Vikram Sarabahi, on the occasion of his 

birth centenary. There are articles featuring his work and its impact 

on the country, which is visible even today. The present issue also 

includes articles describing research works of Physics Nobel 

Laureates of 2019.   

The IPA in last few years has successfully expanded its activities 

and aims to take up issues pertinent to physics community.  

The Gender in Physics Working Group (GIPWG) of IPA organized a National Conference 

Pressing for Progress 2019 during 19-21 Sept. 2019 at University of Hyderabad, to bridge 

disciplinary divides and address the question of a persistent gender gap in the physics 

profession in India. 

IPA has now entered into 50th year, which is an important milestone for the organization. 

We should use this occasion to reflect on achievements and to plan for path ahead. It is 

essential for IPA to attract and engage with young physicists. The specific programs for 

IPA will be announced on the webpage. I look forward to active support and participation 

from the IPA members.  

 

A.K. Mohanty 
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Dr. VIKRAM SARABHAI: FATHER OF INDIA’S SPACE PROGRAM  

Dr. Padmanabh K. Joshi  

Dr. Vikram Sarabhai Archives  

Nehru Foundation for Development, Ahmedabad  

E-mail: pkjoshi8945@gmail.com  

 

Dr. Padmanabh Joshi, obtained his Ph.D.  on the topic “Dr. Vikram Sarabhai: A Study on Innovative 

Leadership and Institution-building” from – IIM, Ahmedabad. He organised Archives of Dr. Vikram 

Sarabhai at Nehru Foundation for Development, Ahmedabad and was Scientist In-charge: Vikram 

Sarabhai Space Exhibition Space Applications Centre, Ahmedabad. Wrote three books on Dr. 

Sarabhai – Vikram Sarabhai: The man the vision. He recently published a book Vikram Sarabhai: 

India’s Space pioneer. He has delivered a number of popular Radio and TV talks.  

Abstract 

An attempt has been made to study the beginning of India’s Space Program and the role of Dr. Vikram Sarabhai as the 

founder with a special reference of the Physical Research Laboratory (PRL), Ahmedabad.  

 

 

Childhood and Education  

It is well-known that Vikram Sarabhai along with his two 

brothers and five sisters had their primary education in the 

private school started on Montessori education system at their 

house The Retreat. When the teacher felt that a child was ready 

for the matriculation examination, he or she appeared in the 

exam as an external student of the R. C. High school, 

Ahmedabad.  In 1935, after completion of Matriculation 

examination, Vikram Sarabhai joined the Gujarat College for 

further study. In the year 1937, he completed his intermediate 

examination from Gujarat College (Bombay University). 

Then he went to Cambridge for higher studies and joined St. 

John’s College, U.K. He was awarded his B. A. degree in 

Physics and Mathematics, his Tripos, in 1939. The second 

world war started in the same year and he had to return to 

India, where he joined the Indian Institute of Sciences, 

Bangalore and continued his post-graduate study under the 

Nobel Laureate, Professor C. V. Raman. Professor Raman 

suggested Vikram Sarabhai to do his post-graduate and 

doctoral research in Cosmic Rays. Vikram Sarabhai, thus 

decided to do his post-graduate and later doctoral research in 

Cosmic Rays which led him to studies of interplanetary space, 

cosmic terrestrial relationships and geomagnetism. His first 

scientific research paper on “Time Distribution of Cosmic 

Rays” was published in Proceedings of Indian Academy of 

sciences (A: Vol. 15, p. 89, 1942).  

While working on his post-graduate research he had to 

build up the necessary equipment for his experiments which 

he did in Bangalore, Poona and Apharwat in the Himalaya 

region. During a visit to his mountain station in Gulmarg, near 

Alpathari lake, in 1943 to carry out high-altitude experiments, 

he conceived the idea of a dedicated laboratory for cosmic rays 

and atmospheric physics, even though he was only 23 years 

old. For his scientific research and experimental work, he 

visited the Indian Meteorological Department (IMD), Poona, 

where he met Professor K. R. Ramanathan, Director of Poona 

Observatory. During this period, he had started planning a 

research laboratory for studies of Cosmic Rays and 

Atmospheric Physics at Ahmedabad. He discussed his plan 

with Dr. Ramanathan and also requested him to join the 

proposed new research laboratory, as Director. Dr. 

Ramanathan agreed to his invitation and promised him that 

after his retirement from the IMD in 1948, he would join. The 

PRL was started in 1945 by Sarabhai with the help of the 

Karmakshetra Educational Foundation (K.E.F.) started by his 

parents. The K.E.F. itself was established for starting, carrying 

on, and helping to carry on advanced scientific research and 

educational activities of all types. When the war ended in 

1945, Vikram Sarabhai with his newly married wife Smt. 

Mrinalini Swaminadhan went to Cambridge  to complete his 

Ph. D. in Cosmic Rays. There Vikram Sarabhai continued his 

research work on photo fission at the Cavendish Laboratory. 

In 1947 at the age of 28, he was awarded Ph. D. degree of the 

Cambridge University for his thesis on “COSMIC RAYS 

INVESTIGATIONS EXPERIMENTS WITH GAMMA 

RAYS” and he returned to India in 1947 

A Visionary Scientist  

Dr. Vikram Sarabhai had a variety of choices for his career. 

Menon (1972) described Dr. Sarabhai’s love for science: 

“From his early childhood Vikram was deeply interested in 

Science. And for him, Science was not to be just a part of a 

liberal education, to fit him for a career in business, industry 

or administration. His interest in science was deep and abiding 

and he meant to be the central theme of his life and career.”   

Thus, he chose to remain as a scientist committed to scientific 
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research and while building his career as a scientist, he showed 

his multifaceted personality as a physicist, a space scientist, a 

technologist, a nuclear scientist, an organizer, a management 

scientist, an educationist, a teacher, an industrialist, an 

institution builder, a planner of decades with a vast range of 

interests and erudition, an internationalist, a connoisseur of 

art, a very warm human being and a true lover of nature “who 

could see birds and squirrels in creative work”.  

In 1947, after his return from Cambridge, he started 

converting his dream into reality. He started the Physical 

Research Laboratory (PRL), Ahmedabad. He had already in 

Retreat a laboratory for Cosmic Rays with a skeleton staff 

including a Scientific Assistant knowing electronics, a glass 

blower and an all-round general mechanic. Dr. Sarabhai 

discussed with Kasturbhai Lalbhai, one of the trustees of the 

Ahmedabad Education Society about a possible collaboration 

between K.E.F. and the Ahmedabad Education Society 

(A.E.S.) to establish a Research Laboratory in Ahmedabad for 

the study of Cosmic Rays and Atmospheric Physics. In 

November 1947, both K.E.F. and A.E.S. agreed to start PRL 

in Ahmedabad and an agreement was signed accordingly. The 

objectives of PRL were stated as under:  

"The aim of the Physical Research Laboratory is to serve as a 

STUDY AND RESEARCH CENTRE FOR PHYSICS IN 

WESTERN INDIA and help to raise the standard of POST 

GRADUATE EDUCATION IN EXPERIMENTAL AND 

THEORETICAL PHYSICS". 

The initial research programme of the Laboratory was oriented 

by the scientific interests of its principal workers. Professor 

Ramanathan was interested in the problems of temperatures, 

winds and moisture in the upper atmosphere, atmospheric 

ozone, ionospheric physics, geomagnetism and solar-

terrestrial relationships. Professor Sarabhai was interested in 

understanding the causes of the time variation of cosmic rays 

and the light they could throw on the source of cosmic rays.  

The story of Dr. Vikram Sarabhai’s career as a scientist and 

the growth and development of the Physical Research 

Laboratory (PRL), Ahmedabad, are very much interwoven.   

Immediately after starting of the PRL in 1947, Sarabhai began 

an extensive, research in cosmic rays time variations. Pandya 

(1972, p.8) described:  "Dr. Sarabhai was never content with 

merely reporting the observations, but he always looked into 

the implications of the experimental data leading to an 

understanding of the nature of the interplanetary space. Thus, 

his efforts to provide a theoretical understanding of the origin 

of the Semidiurnal component of the cosmic rays led to 

postulating and estimating gradients of cosmic ray intensity 

perpendicular to the plane of the ecliptic long before this may 

be confirmed by space-borne equipment. Similarly, the large-

area scintillation array at Ahmedabad has a North-looking 

telescope which registers cosmic ray intensity away from the 

plane of the ecliptic, and Dr. Sarabhai showed how this data 

gives an understanding of the electromagnetic state of the 

interplanetary space, and its changes, particularly at high 

heliolatitudes. There are only a few other observations (such 

as comet tails) which can give such information."  

Development of the second-generation young scientists 

through scientific research and training remained the basic 

programme at the PRL. For Sarabhai training of young 

scientists formed a part of his scientific mission. In spite of his 

multifarious responsibilities, Sarabhai was always available to 

his students. As Menon (1972, p.40) observed:  

"Vikram Sarabhai worked in the field of cosmic ray variations, 

and set up a group which was undoubtedly the best in this field 

and which achieved recognition in international science." 

On October 4, 1957, the Soviet Union successfully launched 

the first artificial satellite Sputnik into space and the world 

entered the Space Age. The I. G. Y. (International 

Geophysical Year) Program had started on July 1, 1957 to 

December 31, 1958. Dr. Sarabhai had begun to contemplate 

the necessity to study solar activity to comprehend the 

behavior of cosmic waves affecting earth’s atmosphere; 

however, there was no “space programme” in any institutional 

form in India in 1955.  Following the IGY, mindful of the 

extensive developments in astronautics and space technology 

occurring on a global scale, Dr. Vikram Sarabhai proposed the 

Government of India to start the India’s Space Programme.  

India entered the Space Age 

In 1962, the Government of India set up the Indian National 

Committee for Space Research (INCOSPAR) under the 

Department of Atomic Energy. Vikram Sarabhai was 

appointed as Chairman. Sarabhai was also entrusted with the 

administrative responsibilities of INCOSPAR. And the PRL 

became the HQ of the INCOSPAR.  

As Director, Physical Research Laboratory (PRL), Dr 

Sarabhai convened an army of able and brilliant scientists, 

engineers, communicators and social scientists from all 

corners of the country to spearhead the Indian space 

programme. Dr. Sarabhai was not interested merely in the 

glamourous aspect of space. As Mc Cracken (1979, p.11) 

described: "In 1961 he (Dr. Sarabhai) began speaking of the 

Indian view of space research; a view that was clearly different 

from that of the developed countries which were active in 

space at that time. He spoke of using satellites to provide 

television for the half million villages of India; TV in which  

there would be a single video channel, and 14 different sound 

channels to bridge the linguistic gaps that divide the Indian 

nation. He spoke of agricultural; family planning and health 

education being given to the non-urban population by 

satellites. He argued that it would be faster to use a satellite to 

provide a high quality, nationwide telephone system than to 

use a conventional ground-based microwave system. That is, 

he spoke of a careful tailoring of Space Science to the national 

goals of his country. He spoke of space scientists applying 

their intellectual capabilities to practical problems, and set the 

example by doing so himself." Thus, Vikram Sarabhai started 

the Indian Space Research Programme for national 

development. 

In 1963, Sarabhai proposed at the UN that India was prepared 

to become the host country to establish an International 

Equatorial Sounding Rocket Launching Facility, the UN 

accepted the proposal and Thumba, 16 K.M. north of  
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Figure 1: Dr. Sarabhai with Dr. H. J. Bhabha 

 

Figure 2: Dr. Sarabhai looking at a Moon rock 

Trivandrum, was selected as the site for this international 

collaboration. Thumba as a site for this facility was very 

appropriate because it is very close to the geo-magnetic 

equator. On November 21, 1963, the country’s first rocket 

called Nike-Apache, was successfully launched from the first 

Space Centre established in India, namely, the Thumba 

Equatorial Rocket Launching Station (TERLS). This marked 

the beginning of Indian Space Programme with which India 

entered the Space Age. TERLS was formally dedicated to the 

UN by the late Prime Minister Smt. Indira Gandhi on February 

2, 1968. In this function, Vikram Sarabhai described the 

relevance of space technology for a developing nation like 

India:  "There are some who question the relevance of space 

activities in a developing nation. To us, there is no ambiguity 

of purpose. We do not have the fantasy of competing with the 

economically advanced nations in the explorations of the 

moon or the planets or manned space flight. But we are 

convinced that if we are to play a meaningful role nationally, 

and in the community of nations, we must be second to none 

in the application of advanced technologies to the real 

problems of man and society, which we find in our country." 

 

 

 

Figure 3: Dr. Sarabhai with Dr. A.P.J. Abdul Kalam 

 

Figure 4: Dr. Sarabhai with Sir. C. V. Raman 

Chairman, Atomic Energy Commission 

In 1966, Dr. Homi Bhabha died in an air crash. Dr. Vikram 

Sarabhai was requested to succeed Dr Bhabha as the 

Chairman, Atomic Energy Commission of India. So, in 1966, 

Dr Sarabhai was made responsible for the Atomic Energy 

Commission, the INCOSPAR and the Electronics Committee. 

 Vikram Sarabhai was convinced that a developing country 

like India should directly plunge into the satellite 

communication era without going through the step-by-step 

methods of cables, microwave links etc. Sarabhai's basic 

approach to the development was based on "leap-frogging", 

i.e., avoiding the unnecessary conventional methods towards 

attaining development.  

As Vice-President and the Scientific Chairman of the U.N. 

Conference on Exploration and Peaceful Uses of Outer Space, 

held at Vienna, during August 1968, Sarabhai said: "A 

developing nation following a step by step approach towards 

progress is landed with units of small size, which do not permit 

the economic deployment of new technologies. Through 

undertaking ventures of uneconomic size with obsolete 

technologies, the race with advanced nations is lost before it 
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is started. Indeed, if one continues to operate on this 

philosophy, financial and technical assistance from the 

advanced nations to the developing nations can only result in 

the frustration of the former and the increasing economic 

dependence of the latter." During this period, many of his 

students who had completed their post-graduate and doctoral 

studies under the guidance of Dr. Sarabhai had started working 

in the Space Programme. -Some of them were sent for training 

in launch vehicles as well as satellite design and development. 

As INCOSPAR grew and on 15-8-1969 Indian Space 

Research Organisation - ISRO constituted under the 

Chairmanship of Dr Vikram Sarabhai. 

Dr Sarabhai was not merely a visionary who had ideas, made 

plans and proposed the most optimum and radical solutions. 

He was also a man of action, and this, perhaps, was his great 

quality – combining vision with action and dynamism. He did 

not merely suggest satellite television as a possible solution to 

the problem of mass communication, education and 

information transfer, but he went a stage further and on18-9-

1969 concluded an agreement with NASA, USA, following 

the recommendations of the various studies he had initiated, 

to conduct a joint Satellite Instructional Television 

Experiment (SITE). This agreement allowed India the use of 

ATS-6 satellite for a period of a one year during which the 

experiment would be conducted. Under SITE, 2400 villages 

of 6 states of India were selected and programmes on 

Agriculture, Education, Health and Hygiene, Animal 

husbandry, Population control were telecast. It was a most 

successful experiment.  

In 1970, Dr Sarabhai presented a Profile for the Decade: 1970 

- 1980 for the Atomic Energy and Space Research 

Programmes for India. During the same year, he as a 

President, 14th General Conference, International Atomic 

Energy Agency (IAEA), Vienna, addressed the member 

countries about the peaceful uses of the Nuclear Energy.  

Shriharikota Range (SHAR) was commissioned on October 9, 

1971, when a Rohini RH-125 rocket was successfully 

launched. Now the centre is known as Satish Dhawan Space 

Centre (SDSC).  

In addition to the starting of the Indian Space Programme in 

the Physical Research Laboratory, Dr Sarabhai also showed 

considerable interests in various subjects related to the 

Physics. Subjects like Astronomy & Astrophysics, Planetary 

Atmospheres, Earth Sciences, Theoretical & Fundamental 

Physics and also the Plasma Physics. The study of plasma 

physics in all its aspects undoubtedly constitutes an integral 

part of the overall space research programme of the laboratory 

- it can in fact be considered as a natural extension of the work 

of PRL in the field of aeronomy. Almost all the experimental 

studies being carried out here are intimately related to the 

properties of plasma in various parameter ranges. Thus, an 

understanding of the various ionospheric, magnetospheric, 

Galactic, solar and geomagnetic phenomena cannot be 

achieved without a corresponding understanding of basic 

plasma processes.  Dr Vikram Sarabhai realized this and 

started a Plasma Physics Group at P.R.L. in late nineteen 

sixties (1968 with one-member group which got expanded in 

1972). He also realized that since fusion is the ultimate answer 

to the future power requirements of mankind, India should 

develop a core of trained plasma physicists and technologists 

who would be able to take up fusion work in earnest, as and 

when its feasibility is demonstrated elsewhere in the world. A 

new activity, namely the plasma physics activity which was 

initiated in 1968 developed rather vigorously during the 

seventies. This had twin objective: (i) to provide a theoretical 

and laboratory support to the existing ionospheric and space 

research activities at PRL and (ii) to initiate a high temperature 

plasma research activity which may form the basis in the 

future of fusion oriented research and development 

programme. The second part of the activity, having been 

nucleated at PRL has since been separated from PRL as the 

Institute for Plasma Research at Bhat, Gandhinagar. 

When Dr Sarabhai mentioned to Prof. C. V. Raman about his 

desire to start a scientific research institute in Ahmedabad, 

Prof. Raman told him that there were quite a few institutes in 

India like the Indian Institute of Sciences, Bangalore, National 

Physical laboratory, New Delhi, Tata Institute of Fundamental 

Research, Bombay and Saha Institute at Calcutta, then why 

was he interested in starting a new institute? Dr Sarabhai 

replied “No plant grows under a tree”.  

Dr Vikram Sarabhai died in his sleep on 30th December 1971at 

Hotel Kovalam in Trivandrum. Till mid-night, he was busy in 

space related discussion with his colleagues. Here is a story of 

the Physical Research laboratory and Dr Sarabhai’s 

contributions in making it not only as a National Institute but 

also an internationally known as the Cradle of India’s Space 

Program. Vikram Sarabhai lived the life of a practical Karma 

Yogi – doing his self-allotted duties (Swadharma) with 

selfless (Anasakta) and tireless devotion till the moment of his 

final sleep. 
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The Scientific Leadership of Dr. Vikram Sarabhai 

R. Chidambaram  

Bhabha Atomic Research Centre, Mumbai, India 400 085 

E-mail: rc@barc.gov.in  

 

Dr. R. Chidambaram, one of India’s distinguished experimental physicists, has made 

outstanding contributions to many aspects of basic science and nuclear technology. He 

played a leading role in the  Peaceful Nuclear Explosion experiment at Pokhran in 1974 and  led the 

DAE team that carried out the Pokhran tests in May 1998 in cooperation with the DRDO. He was 

Chairman, Atomic Energy Commission (1993-2000) and Principal Scientific Adviser to the 

Government of India (2001-2018). He was a past president of the IPA.  Padma Vibhushan 

(1999); Won IPA R.D. Birla award, INSA Sir C. V. Raman and Meghnad Saha medals, INS 

Homi Bhabha Lifetime Achievement award.  

Abstract 

India is an economically developing country, where parts of the system are highly developed. Nuclear and space programmes 

fall in this category, and we must be grateful to Dr. Homi Bhabha, the father of the nuclear programme and Dr. Vikram 

Sarabhai, the father of the space programme, for this. This article refers to Sarabhai’s contributions to Physics, his role as an 

amazing institution builder, and his founding and leadership in the early years of the Indian space programme, which led to 

India today becoming an advanced space power. His concept of development of science and technology in the country and his 

ideas on effective leadership are briefly commented upon. 

 

 

Evolution of the Science Scenario in the country  

India of our dreams is an India which is economically 

developed – where the Human Development Index is high; an 

India which is scientifically advanced, a Knowledge 

Economy, and an RDI Ecosystem, with excellence in basic 

research (including what I have called [1] ‘Directed Basic 

Research’), applied research, technology development, R&D-

led Innovation, backed by high-quality manufacturing skills. 

We also want an India which is militarily strong. I said in the 

tenth Nayudamma Lecture (November 1999) that ‘National 

Development and National Security are two sides of the same 

coin. Development without Security is vulnerable; Security 

without Development is meaningless.’ It is in this context that 

we must view the growth of science in the country since 

independence. Uniquely we are an economically developing 

country, where parts of the system are highly developed. 

Nuclear and space programmes fall in this category, and we 

must be grateful to Dr. Homi Bhabha, the father of the nuclear 

programme, and Dr. Vikram Sarabhai (1919 – 1971), the 

father of the space programme, for this. 

Sarabhai’s Physics contributions 

     Sarabhai was born into an immensely wealthy family, but 

with his passion for physics, after obtaining his Tripos in 

Natural Sciences from Cambridge, UK, in 1940, he joined the 

Indian Institute of Science Bangalore, where the attraction was 

the presence of Prof. C.V. Raman. That is where he met Dr. 

Homi Bhabha and a strong bond was established between 

them. Bhabha, who was a theoretician, was working on cosmic 

ray physics.  Sarabhai began experimental work on cosmic ray 

intensity variations, and continued the work in Cambridge 

University for his Ph.D.: his thesis was on "Cosmic Ray 

Investigations in Tropical Latitudes". 

     Soon after returning to India from Cambridge after his 

Ph.D., Sarabhai established the Physical Research Laboratory 

(PRL) in Ahmedabad. He was only 28 at that time. 

Interestingly PRL set up in 1955 a cosmic ray research station 

at Gulmarg in Kashmir and this led BARC to set up a full-

fledged High Altitude Research Laboratory at Gulmarg in 

1963.  This group in BARC is now a leading group in gamma-

ray astronomy, with additional laboratories in Mt Abu and 

Leh. In an article written in Physics News soon after 

Sarabhai’s tragic death, Dr. Raja Ramanna [2] says: “There 

must have been very few people in the world who have had a 

command of pure science, modern technology, industrial 

experience and financial resources, and yet had the humility 

and loveableness of a Gandhi.” In that article Ramanna also 

says, Sarabhai had “a mind capable of absorbing an enormous 

amount of information, which he would proceed to classify 

into a highly logical scheme. Such a gift is found in only a few 

human beings.” 

Sarabhai as an Institution Builder 

     Apart from PRL, Sarabhai founded a large number of  
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institutions ranging from the   Indian Institute of Management 

(IIM), Ahmedabad, to the Darpan Academy for Performing 

Arts, also at Ahmedabad (along with his wife).  The breadth 

of his interests is truly amazing. He also founded a 

Community Science Centre at Ahmedabad in 1966. This 

shows his futuristic vision for the need for science outreach 

among the public. Today, the Centre is called the Vikram A 

Sarabhai Community Science Centre. Its branches have also 

come up in other places in Gujarat. I had the pleasure of giving 

the Chemburkar Lecture in the Community Science Centre at 

Vadodara, and was very happy to see many enthusiastic young 

people in the audience.   

The Space Programme 

     Sarabhai started the Indian Space Research Organization 

(ISRO) -- of course, INCOSPAR (the Indian Committee for 

Space Research, the precursor to ISRO) had been established 

before that. Today every Indian is proud of our outstanding 

achievements in Space – the satellite launches with the robust 

Polar Satellite Launch Vehicle (PSLV), and the more recent 

Geo-stationary Satellite Launch Vehicle (GSLV).  As a few 

recent examples, India successfully launched its 100th 

satellite 'Cartosat-2 Series’, using PSLV, from Satish Dhawan 

Space Centre in Andhra Pradesh's Sriharikota Island on 

January 12, 2018. In November 2018, a PSLV launched 

India’s Earth Observation Hyper Spectral Imaging Satellite, to 

assist in applications in agriculture, forestry, coastal zone 

survey, etc.  ISRO launched the EMISAT satellite along with 

28 other satellites from other nations, including 24 from the 

US, on April 1, 2019. The EMISAT satellite is an electro-

magnetic intelligence satellite. This is a joint ISRO-DRDO 

project. Other examples are CHANDRAYAN-2, the bold and 

spectacular project; though the lander, which had had a perfect 

trajectory till the last 2.1 km deviated and hard-landed, the 

project is considered very substantially successful. The lunar 

orbiter is in perfect condition, and data from the eight payloads 

it is carrying -- from lunar terrain mapping camera to the 

imaging IR Spectrometer to identify minerals and water in 

polar regions of the moon -- will be coming to ISRO for many 

years.  Then there is the more ambitious India’s first Manned 

Flight Mission GAGANYAN, planned before 2022.  

     Sarabhai emphasized the need for a space program in the 

early years, saying: “We are convinced that if we are to play a 

meaningful role in the community of nations, we must be 

second to none in the application of advanced technologies to 

the real problems of man and society. Bhabha helped Sarabhai 

in setting up the first rocket launching station in India at 

Thumba near Thiruvananthapuram, on the coast of the 

Arabian Sea. This site had the advantage of being proximate 

to the equator. The inaugural flight was in November 1963 

with a sodium vapour payload. The first Indian satellite, 

Aryabhata, was put in orbit in 1975 from a Russian 

Cosmodrome. Since then, our space programme has grown by 

leaps and bounds, and now we are an advanced space power. 

     Incidentally, Dr. A.P.J. Abdul Kalam was first brought in 

as a rocket engineer at INCOSPAR by Sarabhai; Kalam recalls 

in his memoirs Wings of Fire Sarabhai’s “warmth and 

friendliness”. Kalam was later brought into DRDO by Raja 

Ramanna, during the brief period Ramanna also held the post 

of Scientific Adviser to Raksha Mantri.   

     When we were designing the nuclear explosive for the PNE 

test, Ramanna asked me to explain to Sarabhai the motivation 

for the test.  I met him in 1970 in his Nepean Sea Road 

residence in Mumbai.  When I told him that I was looking for 

high-speed detonators to synchronously detonate the 

explosive lenses surrounding the core, he said a young man in 

Thumba is working on detonators, you come with me to the 

next meeting of the council   of the space centre (now named 

after Vikram Sarabhai) and discuss it with him. It turned out 

to be Abdul Kalam! However, the kind of detonators they 

were using for their space activities were a thousand times 

slower than the detonators I was looking for. That didn’t work 

out but I had the opportunity to watch the gracefulness and 

affection with which Sarabhai handled his scientists. Just 

before we reached Thiruvananthapuram, a rocket launch had 

failed; the propellant maker and the launch-responsible 

scientist were blaming each other; when the discussions were 

going on, Sarabhai would look back at me periodically and 

smile – I was sitting behind him,. The ease with which he 

handled the situation was remarkable. 

Contributions to the Nuclear Programme as 

Chairman AEC 

     Ramanna recalls [2] how a few days before he took over as 

Chairman AEC, he met Sarabhai in London and found how 

Sarabhai “had not been losing any time in contacting all the 

atomic energy experts in the U.K. and how it was indeed a 

pleasant surprise to me to notice that he had already made all 

the necessary preparations to enter into the field of nuclear 

technology in all its aspects.” He also says: “Dr. Bhabha did 

not live to see the nuclear power plants, the large complex of 

Heavy Water factories, the Nuclear Fuel Complex, the 

Electronic Corporation or the Fast Reactors in full operation, 

but all these were essentially his ideas. It was Dr. Sarabhai's 

role to supervise the completion of some of these projects and 

witness the progress of others to an advanced stage of 

construction.” 

     In their excellent book [3] “Atomic Energy in India: 50 

Years”, published in 1998, C.V. Sundaram, L.V. Krishnan and 

T.S. Iyengar say: “The period of Sarabhai’s leadership will be 

especially remembered for the ten year profile (1970-80) that 

he envisioned for the growth of the atomic energy and space 

programmes, and the refreshing and meaningful ideas he 

brought in, for structuring and directing these programmes, to 

provide a better sense of social purpose.”  Sarabhai also 

thought of an agro-industrial complex in the Indo-Gangetic 

plain, where the nuclear power produced is consumed in the 

immediate neighbourhood, to avoid transmission costs; but 

this idea did not materialise.   

     Dr. Ramanna [2] says: “Vikram will always be 

remembered for his deep commitment to the programme of 
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fast reactors. He can take much credit for expediting work on 

the development programme of Fast Breeder Reactors at 

Kalpakkam, the starting of the construction of the Fast Breeder 

Test Reactor, which will take us a long way towards the 

utilisation of thorium-- a power resource which we have in 

unlimited quantities.” 

Sarabhai’s Philosophy and Leadership  

     Dr. Kirit Parikh [4] in an article in Physics News soon after 

his death, quotes Sarabhai: “Developing nations cannot have 

20th century atomic energy with 19th century industry or 

antiquated systems of management and organisation. There is 

a totality about modernisation." Parikh also quotes Sarabhai to 

explain his approach to science: “Money, hierarchical status 

and power are important needs for most (professional 

workers), but to scientists and professional groups the need for 

autonomy of working conditions and self-development are  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

also important factors." What drives scientists has been 

brought out exemplarily here. According to the Chinese 

Philosopher Lao Tzu (605-531 BC): “A leader is best when 

his work is done, his aim fulfilled, the people he leads will say: 

we did it ourselves.” Vikram Sarabhai was one such leader. 

Sarabhai himself has said: “One wants permissive individuals 

who do not have a compelling need to reassure themselves that 

they are leaders.” 
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Abstract 

One half of the Physics Nobel Prize for 2019 has been awarded to P. J. E. Peebles, for his contributions to theoretical 

cosmology. This article gives a brief account of Peebles' work, placing it in the context of the subject as it evolved during the 

last hundred years or so. 

 

 

 

One half of the 2019 Physics Nobel Prize has been awarded 

to P. J. E. Peebles, for his pioneering contributions to the 

developments in cosmology. The citation reads:  

“James Peebles’ insights into physical cosmology have 

enriched the entire field of research and laid a foundation for 

the transformation of cosmology over the last fifty years, from 

speculation to science. His theoretical framework, developed 

since the mid-1960s, is the basis of our contemporary ideas 

about the universe. The Big Bang model describes the 

universe from its very first moments, almost 14 billion years 

ago, when it was extremely hot and dense. Since then, the 

universe has been expanding, becoming larger and colder. 

Barely 400,000 years after the Big Bang, the universe became 

transparent and light rays were able to travel through space. 

Even today, this ancient radiation is all around us and, coded 

into it, many of the universe’s secrets are hiding. Using his 

theoretical tools and calculations, James Peebles was able to 

interpret these traces from the infancy of the universe and 

discover new physical processes. The results showed us a 

universe in which just five per cent of its content is known, the 

matter which constitutes stars, planets, trees – and us. The rest, 

95 per cent, is unknown dark matter and dark energy. This is a 

mystery and a challenge to modern physics.” 

If we step out into the countryside on a dark night today, 

and look up at a clear sky, the naked eye view would be more 

or less same as what mankind’s view of the universe was, 

around the beginning of the twentieth century. A sky full of 

enormously many stars, the Milky way, and the solar planets. 

Add to that the great nebulae, seen through a telescope, about 

which there was a raging debate as to whether they were a part 

of the Milky way or enormous structures outside of it, galaxies 

in their own right. Above all, the universe was believed to be 

static, and rightfully so. It looked static. 

Compare this view of the universe with the one in the Nobel 

citation above, and you can assess how much our view of the 

cosmos has changed in the last one hundred years. And Jim 

Peebles of Princeton University has been a part of this 

endeavour for more than half of that period, starting 1964. 

Research in modern theoretical and observational 

cosmology can be said to have begun in 1915, when Einstein 

discovered the relativistic laws of gravitation. This was his 

general theory of relativity,  which generalised the then two-

hundred year old Newton’s inverse square law of gravitation. 

Gravitation came to be interpreted, not as a force, but as the 

curvature of space-time. This set the stage for building 

mathematical cosmological models of the universe. Einstein 

himself worked out a homogeneous static universe solution 

from his equations, as a representative model of the universe 

as it was understood then. 

During the period 1922-27, Friedmann and Lemaitre 

independently analysed Einstein’s equations to construct a 

mathematical formulation of an expanding universe. As if by 

design, important related developments were taking place in 

observational astronomy. Hubble and others established, by 

estimating distances to the stars, that the great nebulae were 

indeed far-off galaxies outside the Milky Way. With that one 

stroke, our view of the universe changed grandly, from being 

just the Milky Way, to being a collection of billions of 

galaxies, each galaxy home to billions of its own stars. Then, 

in 1929, Hubble inferred from the redshift of the starlight in 

distant galaxies, that the universe is expanding. Space is being  
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stretched in time, and galaxies, pictured as points on an 

inflating (expanding) balloon, are moving away from each 

other. And the mathematical solutions of expanding universes 

discovered by Friedmann and Lemaitre were just the right 

ones to describe Hubble’s expanding universe. Theory met 

experiment, and modern cosmology had begun in earnest. 

It came with its philosophical troubles! An expanding 

universe was dynamic and changing; in the past galaxies 

would have been closer to each other, the universe would have 

been denser and hotter, and maybe it had an explosive 

beginning – what eventually came to be called Big Bang 

cosmology. But such a universe, which had a beginning, was 

inelegant to some physicists (why the beginning, what was 

there before), and it was not easy to give up the long held  view 

that the universe was static. Hence was born the alternative 

theory – the steady state cosmology, the closest thing to static, 

in which the expanding universe is eternal and has been 

expanding forever. The decrease in the density of matter 

because of the expansion was assumed to be compensated by 

newly created matter. The debate as to whether the universe 

had a beginning or was steady was settled only much later, in 

1965, with the discovery of the cosmic background radiation, 

and Peebles was to play an important role in it. 

During the 1940s physicists Alpher, Gamow and Herman 

started investigating the physics of hot big bang cosmology. 

What would be the consequences of a hot beginning, what 

physical processes were taking place in the hot dense plasma 

just after the `big bang’? An important motivation for this 

investigation was to understand the origin of elements. It was 

reasonable to assume that the universe began simple, as 

elementary particles, and from their soup hydrogen, helium 

and all the other heavy elements were produced in the hot 

dense conditions right after the big bang. They found the hot 

universe could produce helium nuclei, but none of the heavier 

elements. Over the next decade or so, physicists entirely gave 

up the idea that elements originate in  the early universe, and 

belief shifted to stars – that elements are synthesised in stars. 

The baby was thrown with the bath, because today we know 

that almost all of the helium, as also deuterium, were made in 

the early universe, while heavier elements are made in stars.  

If the universe had a hot dense beginning, it must have been 

filled with intense radiation, which would have cooled with 

expansion of the universe. In a 1948 paper in Nature, 

following Alpher’s doctoral dissertation at John Hopkins 

University, Alpher and Herman predicted a relic radiation 

temperature of 5 K today. This was the first prediction of the 

relic radiation, eventually discovered accidentally by Penzias 

and Wilson in 1965, a prediction for which Alpher and 

Herman rightfully deserved the Nobel Prize, but sadly that was 

not to be. Much has been written about why radio-astronomers 

did not set out to look for the relic  radiation that Alpher and 

Herman had profoundly predicted. Radio-astronomers were 

perhaps sceptical if such a weak radiation could actually be 

measured against the background of stellar radiation, and 

sceptical of the `weird’ big bang theory itself, which failed to 

produce the elements. Thus, tragically, the work of Alpher and 

Herman was essentially forgotten in the 1950s. 

Gamow and Lifshitz were also the first to study the 

formation of galaxies in the hot big bang cosmology. In 1948, 

Gamow showed that cosmological structures could begin to 

form only after the radiation had cooled sufficiently. The 

1950s were somewhat dull years in physical cosmology, even 

as there raged a philosophical debate on steady state versus 

big bang. The stage is now set for the Canada born Jim 

Peebles, who joined Robert Dicke as a graduate student at 

Princeton in the late 1950s. After some dabbling with particle 

physics and quantum gravity, Peebles did his doctoral work on 

possible cosmological evolution of the fine structure constant, 

in an evolving universe. 

In 1964, Dicke got interested in hot big bang cosmology, 

wanting to understand a cyclic universe, and whether elements 

created in the previous cosmological cycle could be destroyed 

in the explosive hot big bang. Unaware of the 1940s work of 

Alpher, Gamow and Herman, he suggested there ought to be a 

cold leftover radiation from the early universe, of a few 

degrees Kelvin temperature. He asked Roll and Wilkinson to 

build a `Dicke radiometer’ to look for this radiation.  And he 

asked Peebles to `think of the theoretical consequences’. And 

around the same time, the idea of looking for a such a relic 

radiation occurred to Doroshkevich and Novikov, in 

Zeldovich’s group in far away Soviet Union. And they 

published a paper demonstrating that one radio telescope 

which could detect this radiation is the Holmdel radio antenna  

in New Jersey, belonging to the Bell Labs, only a few miles 

from where Dicke et al were. Unknown to all interested 

parties, astronomers Penzias and Wilson were recalibrating 

the Holmdel radio-antenna, earlier used for tele-

communications, to now use it for studying the centre of the 

Milky Way galaxy. And they spent a year unable to get rid of 

a mysterious  and annoying ever-present 3 K noise, which was 

coming from all directions. They had no clue that they had 

detected the cosmic relic radiation which others had predicted 

and were now getting ready to look for. 

History has it that Peebles worked out in 1965 the 

theoretical consequences – the synthesis of elements in the hot 

big bang - and Dicke and Peebles submitted this paper to the 

Physical Review. As it turns out, the paper was reviewed and 

turned down by Alpher, who pointed out his group’s own early 

works where such an analysis had already been done. Alpher 

has later claimed this list included his 1948 Nature paper 

where the 5 K relic radiation was predicted. 

And while Peebles wondered what to do next with this 

paper, word reached Princeton about the noise Penzias and 

Wilson were seeing in their telescope. Dicke immediately 

knew this noise was the relic radiation they wanted to detect. 

The two groups wrote side by side papers in the Astrophysical 

Journal, with Penzias and Wilson reporting `An excess 

antenna temperature of 3K’ and Dicke, Peebles, Roll and 

Wilkinson interpreting and explaining  this signal as the relic  
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Figure 1: Jim Peebles at Princeton Unversity in 1990 

(courtesy phys.org) 

radiation from the hot big bang. Intriguingly, while they cited  

Gamow et al on the origin of elements, Alpher and Herman’s 

1948 Nature paper is not cited. Gamow’s group was furious 

for not getting proper credit. In the debate of priorities that 

ensued, only Penzias and Wilson got the Nobel Prize (1978). 

None of the theorists involved did. Before going to receive the 

prize, Penzias personally visited Alpher to understand his 

1948 work. 

Steady state cosmology was dead overnight. But hot big 

bang physical cosmology was now truly born, and over the 

next half a century Peebles was to play a pioneering role in its 

development. He always kept a close watch on the 

observations, and shaped theoretical cosmology to match data. 

Physical cosmology is the application of known laws of 

physics to interpret and model cosmological data, and to build 

a theory of the universe, treating the universe as a physical 

system. 

In the light of the discovery of the relic radiation, Peebles 

refined his earlier calculations of Helium abundance from the  

big bang. The theory of primordial abundances was put on a 

firm footing by Wagoner, Fowler and Hoyle. Peebles, and 

Zel’dovich, independently investigated the role of background 

radiation in galaxy formation. Peebles also initiated N-body 

simulations of galaxy formation, and introduced the use of the 

correlation function as a valuable observational tool in 

cosmology. His 1971 book `The large scale structure of the 

universe’ served as a bible for the subject. 

Once the relic radiation had been detected, intense efforts 

began to map its spectrum, and equally importantly, to predict 

and search for anisotropies in the temperature distribution of 

the radiation across the sky. These anisotropies must exist, if 

structures such as galaxies are to form. The first seminal study 

was carried out by Sachs and Wolfe in 1967, and the 

discovered effect is named after them. Sakharov, Silk, 

Sunyaev and Zel’dovich, Peebles and Yu worked out the small 

scale anisotropies in the relic radiation, which result from the 

initial matter density fluctuations and propagating acoustic 

waves in the hot plasma. These early researches, carried out in 

the 1970s, already predicted to a good accuracy the 

temperature anisotropies recently measured by the Planck 

satellite. 

The 1970s and 1980s marked the discovery of dark matter; 

more precisely, the motion of stars and gas clouds in the outer 

reaches of galaxies cannot be explained by Newton’s law of 

gravitation. The so-called flattened rotation curves of galaxies 

discovered by Rubin and Ford implied that either the inverse 

square law is failing at large distances, or there is a large 

amount of matter out there which does not emit 

electromagnetic radiation (hence dark matter) but whose 

gravitational influence can be felt. In fact the first evidence for 

dark matter came much earlier in the 1930s, from Zwicky’s 

study of galaxy clusters. Ostriker and Peebles independently 

established the need for a dark galactic halo, so as to stabilise 

the disk of a spiral galaxy against its rotation. 

Figure 2: The temperature anisotropy in the microwave background as a function of angular scale. On the left is the theoretical 

prediction (Peebles and Yu, Astroph. J., 162, 815 (1970)) which matches remarkably well with the experimental measurements 

made almost 50 years later! (from Planck Collaboration: Planck 2018 Results, arxiv.org/abs/1807.06209) 
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What could the dark matter be? Massive neutrinos were 

popularly proposed as hot dark matter (hot means relativistic 

at the time of matter-radiation decoupling). Dark matter plays 

a crucial role in the formation of galaxies. However,  neutrinos 

lead to a top-down scenario for structure formation, meaning 

that the largest super-clusters form first, and then clusters of 

galaxies, followed by galaxies. But this top-down scenario 

does not match observations, thus ruling out neutrinos as dark 

matter. 

The early 1980s saw a crisis in cosmology. If one has to 

form galaxies using only ordinary (baryonic) matter, that 

would leave a temperature anisotropy in the relic radiation 

which exceeded the bounds already placed by observations. 

Big bang cosmology would be in trouble unless structures 

could be formed in consistency with radiation anisotropy; 

moreover no anisotropies had been detected yet, which in 

itself was a threat for the big bang theory. In ground breaking 

work in 1982, three independent groups: Peebles; Bond, 

Szalay and Turner; and Blumenthal, Pagels and Primack; all 

proposed cold dark matter (non-relativistic at the time of 

decoupling). CDM forms structures in a bottom-up fashion 

(smaller structures first), and predicted anisotropies in the relic 

radiation consistent with data. Since then, CDM remains  the 

favoured form of dark matter, though we do not know its 

composition! 

The 1980s and 1990s saw the discovery of cosmological 

inflation, and the arrival of dark energy and the cosmological 

constant. In an influential critique in 1979, Dicke and Peebles 

highlighted two important fine-tuning and naturalness 

problems in big bang cosmology. One, causally disconnected 

regions in the sky show identical features, e.g. isotropy of the 

relic radiation. Secondly, the density of the current universe is 

so close to critical (i.e. spatial sections are flat) that the 

universe must have been extremely fine-tuned to criticality in 

the past. The idea of cosmological inflation – a phase of 

extremely rapid expansion in the very early universe – was 

proposed independently by Kazanas; Guth; and Starobinsky, 

and beautifully solves these puzzles. Our patch of the universe 

is one part of the hugely inflated universe which is causally 

connected, and is spatially flat. Our universe has critical 

density, because of inflation.  

But there was more trouble brewing for cosmology in the 

1980s. Inflation may predict critical density, but the inferred 

matter density of the universe (including dark matter) was no 

more than about a third of the critical. Thus observations, 

unlike inflation, suggested an open universe, and we are then 

back with the naturalness problem. Moreover, an open 

universe seemed younger than its constituents (age problem), 

and furthermore had problems with structure formation. In  

 

 

 

 

1984, Peebles as well as other researchers proposed a 

cosmological constant to solve these problems, as also to close 

the universe. Remarkably, the idea worked very well, and was 

triumphantly confirmed in 1998, when astronomers made the 

surprising discovery that the expanding universe is  

accelerating. And before that, in 1992 the COBE satellite 

finally discovered the much awaited anisotropies in the relic 

radiation, and confirmed the Lambda-CDM model. Till date, 

this is the standard model of cosmology. 

Further observational evidence during the last two decades 

has firmed up the standard model, and transformed cosmology 

into precision cosmology. CMB experiments – ground based, 

balloon, WMAP, PLANCK – and the beautiful acoustic peaks 

they produce in the plot of the temperature anisotropy vs. 

angular scale – provide very precise information about the big 

bang model. The universe is 13.6 billion years old, has zero 

spatial curvature, baryonic matter density is 5% of critical, 

dark matter is 26%, and dark energy/cosmological constant is 

the remaining 69%. But we do not know the composition of 

the dark matter, nor the origin and nature of dark energy. 

Considering how much our understanding of the universe 

changed in the last one hundred years, we can be sure that it 

will change that much or even more in the next hundred years. 

Three Nobel prizes have been awarded in observational 

cosmology: Penzias and Wilson 1978 for their 1965 discovery 

of the relic radiation; Mather and Smoot 2006 for the CMB 

spectrum and anisotropy found by the COBE satellite in 1992; 

and Perlmutter, Riess, Schmidt 2011 for the discovery of the 

accelerated expansion of the universe in 1998. Remarkably, 

Jim Peebles has contributed importantly to the theory behind 

every one of these three prizes. His is a life-time achievement 

award for making many important contributions to theoretical 

cosmology. 

 

Figure 3: Jim Peebles with delegates at the 7th International 

Conference on Gravitation and Cosmology, Goa, India, 

December 14-19, 2011. At this conference, Peebles delivered 

the keynote address on Physical Cosmology. 
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Abstract 

This year’s Physics Nobel Prize was jointly awarded to three scientists.  Phillip James Peebles from Princeton University, USA, 

received one half of the prize for his seminal work on physical cosmology, and other half was shared by Swiss scientists Michel 

Mayor and Didier Queloz for the discovery of an exoplanet around a solar-type star 51 Peg. While James Peeble’s contribution 

helped us understand the structure and evolution of the Universe at large scale, the exoplanet discovery was a watershed 

moment in humanity’s quest to seek answers to fundamental questions about the existence of planets and life elsewhere in the 

Universe. Exoplanet research, once a marginal field, has now become a principal area of research in Astronomy and 

Astrophysics. In the context of exoplanetary search, we will trace the historical development of the subject and how new ideas 

and technological innovations paved the way for the rapidly expanding field of exoplanets.  

 

 

Introduction  

One half of the Nobel Prize for physics for the year 2019 

was awarded to Michel Mayor and Didier Queloz  (see Figure 

1) for their discovery of the first exoplanet orbiting a sun-like 

star. Exoplanets are planets orbiting stars other than the sun. 

Although their existence was speculated for a long time and 

various attempts were made to detect them starting from the 

1980s, it was Mayor and Queloz who achieved the first firm 

detection of an exoplanet around the main sequence star 51 

Peg in 1995. Their discovery ignited the field of exoplanets, 

and paved the way for several dedicated missions – both 

ground-based and space-based – to detect exoplanets, 

resulting in an explosion in our knowledge and understanding 

of extra-solar planetary systems in the last two decades. While 

we knew only of one planetary system around a sun-like star 

until 1995, that number has crossed the 4000 mark now. 

Why was the Nobel Prize awarded to this discovery? It is 

not so much for the new physics that this discovery has 

brought to the fore, but primarily for overcoming the 

enormous technical challenges involved in detecting 

exoplanets. Also, for the profound impact this discovery had 

on the scientific field and on the public imagination. In this 

article, we will first discuss the physics, the techniques and the 

history of the detection, and then provide a brief overview of 

the current status of the field by summarising what we have 
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learned so far about exoplanetary systems, and how it is 

challenging our long held notions about the formation and 

evolution of planetary systems. 

 

Figure 1: Winners of 2019 Physics Nobel Prize, Didier Queloz 

and Michel Mayor at La Silla Observatory in Chile (Credit: 

L. Weinstein/Ciel et Espace Photos) 

From the margins to the mainstream 

Early days of exoplanet research were subject to extreme 

scepticism. So intense was this scepticism and disbelief that it 

destroyed the careers of some of the pioneers who were 

instrumental in developing the technique that would later 

become one of the most successful search method for 

exoplanets. Bruce Campbell, one of the Canadian 

astronomers, who pioneered this technique, had to quit 

astronomy in frustration.  

In the words of the Nobel winner Didier Queloz, the early 

days were hard: “Back then, exoplanet research was a very 

small field. I think there were about fifty of us and we were 

seen as weirdos. Now there are probably over a thousand 

people working in the field.”  Sara Seager, another pioneer in 

exoplanetary atmospheres, who is a professor at MIT agrees: 

“To see a field go from obscure, fringe and laughable to 

Nobel-worthy is a huge tribute to people all around the world 

making exoplanets real. In exoplanets, the line between what 

is considered completely crazy and what is considered 

mainstream science is constantly shifting. The Nobel award is 

a cataclysmic shift in the right direction.” Martin Rees, 

Astronomer Royal and an Emeritus Professor at the University 

of Cambridge concurs in his response to the news of exoplanet 

discovery winning the Nobel prize: “The study of exoplanets 

is perhaps the most vibrant field of astronomy.” 

The field of exoplanet research has come a long way. It has 

emerged as a principal area in astronomy now. More than 10% 

of the scientific sessions in all the major international 

astronomy & astrophysics meetings and about 25% of the 

science cases for all major existing and upcoming 

astronomical facilities are on exoplanets now. 

 

 

 

The technique: challenges and solutions 

From stars to planets 

In the modern era, the physical motivation for planet search 

came from a renowned astronomer Otto Struve in 1952. Struve 

had measured the rotational velocity of the main sequence 

stars and showed that stars of spectral type F5 and later have 

very low rotational velocities.  If stars are formed by 

gravitational contraction of interstellar gas and dust cloud then 

they should have high rotation rates. How do you explain this 

angular momentum deficit in majority of the main sequence 

stars? Struve argued that stars lose their angular momentum to 

the rotating disc where planets are eventually formed. So the 

slow rotating main-sequence stars, according to Struve, were 

perfect targets for the planet search programme. Not only 

Struve gave physical basis for the existence of planets around 

stars but also proposed techniques to detect them. Two most 

successful methods used today for planet detections, namely 

the radial velocity and the transit method, were originally 

proposed by Otto Struve.  However, the lack of suitable 

technology in the 1950s was a major bottleneck. Even if 

planets were common, the expected transit or Doppler signal 

was way too small to be detected. The existing instruments at 

that time were not sensitive enough to tease out tiny signatures 

of planets from the starlight.  

Radial velocity (RV) method 

The RV method is based on the principle of Doppler shift 

caused by the relative motion of a star along the observer’s 

line of sight. Due to mutual gravitational force the star-planet 

pair revolves around a common center-of-mass which is often 

very close to the center of the star.  Since a distant observer 

cannot see the planet directly, its presence has to be inferred 

indirectly from the reflex motion of the star and the effect it 

has on the starlight. The electromagnetic radiation emitted by 

a typical sun-like star has thousands of characteristic 

absorption lines superimposed on a blackbody continuum. 

Apart from revealing the chemical composition and prevailing 

physical conditions (e.g. temperature, pressure, density etc) on 

the surface of the star, the stellar absorption lines are excellent 

proxy for detecting planet induced motion of the star via 

Doppler method. 

A near-edge on configuration of a star and its planetary 

companion is illustrated in Figure 2. From an observer's view 

point, the orbital motion of the star at any instant can be 

resolved into radial part -also called the line-of-sight 

component, and the transverse part.  Clearly, the star has 

largest radial velocity component at location B and D and 

accordingly the spectral lines will show maximum blue and 

red-shift. On the other hand, transverse component 

dominating at location A and C renders no wavelength shift. 

It is necessary to take multiple observations of the stars to 

derive complete information about its orbital parameters. 

Notably, the planetary mass (msini) derived using RV 

method depends on the angle of inclination i. 
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Figure 2: A star and a planet revolve around a common center 

of mass (CM). For a distant observer, the line-of-sight velocity 

component of the star appears to vary during its orbital 

motion. The starlight collected by a telescope is analyzed by a 

high-resolution spectrograph. Spectral lines are blue-shifted 

when the star’s motion is towards the observer (location B) 

and red- shifted when it is away from the observer (location 

D).  No line shift is expected at location A and C. A complete 

RV phase curve of the star can be obtained by observing the 

star at multiple epochs in its orbit. 

The technical challenge: RV precision 

In the non-relativistic limit, the radial velocity of the star VRV 

can be determined from the Doppler formula as: 

                
c

VRV

res

resobs 












                (1) 

where  the wavelength shift, c is the speed of light, obs and 

res observed and rest frame wavelengths. 

For a given star, the RV amplitude is larger for high mass 

planet and small orbital distance, while the opposite is true for 

when the planet mass is low and orbital distance is large.  If 

we consider the example of our solar system, the gravitational 

tug of Jupiter orbiting at 5AU distance would cause the Sun to 

move at a speed of 12 m/s.  Using Eqs (1) this translates to a 

wavelength shift of 10-14 m (10-5 nm) in the visible light 

spectrum.   

In astronomical spectrographs, starlight is split by a dispersing 

element such as a grating/prism before the spectrum is 

digitally recorded on a CCD detector array. For a typical 

resolution (R = / ~ 50,000) of the astronomical 

spectrographs at optical wavelengths, we get the resolution 

width   as  ~ 0.1Å. For Nyquist sampling,  should be 

registered at least on 2 pixels, giving a spectrograph dispersion 

of 0.05 Å/pixel.  In velocity units, this corresponds to 2-3 km/s 

per pixel element. Clearly, the RV induced spectral shift (12 

m/s) by a Jupiter-mass planet is a tiny fraction (~10-3) of the 

pixel unit. Furthermore, the Doppler wobble induced on Sun 

by Earth from 1 AU distance is merely 10 cm/s, making the 

detection of Earth analogues a formidable task from ground 

even with the current technology.     

For planet detection, the real challenge is to keep the spectrum 

of the star stable on the CCD pixel array at sub-nm level!  

However, various sources of instrument noise cause the 

spectral lines to move on the detector plane. The noise induced 

motion of spectral lines directly translates to RV errors that 

are several orders of magnitude larger than the actual Doppler 

signal that we intend to measure.   

 

Figure 3: A chronology of improvement in RV precision over 

time (A. P. Hatzes, Chapter 1 in “Methods of Detecting 

Exoplanets”, Springer 2016). 

During normal observations both telescope and spectrograph 

are exposed to environmental and technical perturbations of 

varying severity. A telescope forms the star image at a specific 

focal plane where the spectrograph is attached. The stellar 

spectrum is taken by keeping   the stellar image fixed on the 

entrance slit of the spectrograph. However, the stellar image 

moves randomly because of several factors such as changing 

atmospheric seeing conditions, slow thermal and gravity 

loading of the mechanical structure and imperfect guiding and 

tracking of the telescope. Likewise, the inaccuracies in the 

wavelength calibration source lead to RV errors of the same 

order.   

RV precision: solutions 

Efforts spanning several decades were just devoted to 

overcome the difficulties outlined in the previous section. 

Teams interested in planet search programmes had taken two 

different approaches to solve the RV problems as discussed 

below.   

1. Stabilized spectrographs 

 After the sources of RV errors were correctly identified, many 

remedial steps were taken by different groups to mitigate 

them. A significant change came from spatially decoupling the 

spectrograph from the telescope. A desired stability was 

achieved by installing the spectrograph on a vibration-free 

platform housed inside a temperature and pressure controlled 

room. The light from telescope to spectrograph was 

transported by optical fibers. The scrambling property of the 

fiber ensured that slit illumination was stable all the time.  

A simultaneous reference scheme was developed to take the 

star and Th-Ar wavelength calibration spectra at the same 
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time. This was helpful in tracking zero-point drifts of the 

spectrograph during star’s observation. The radial velocities 

of the stars were derived by performing simple cross-

correlation between the observed spectra and the numerical 

template of the star. New technology (high quantum efficiency 

CCDs, double scrambler made with hexagonal fiber, white 

pupil design, cross-dispersed high resolution echelle gratings 

etc) was incorporated to further improve the spectrograph 

performance. By early 1990s these efforts brought down the 

RV errors down by a factor exceeding 1000.   

2. Absorption cell spectroscopy   

The self-calibrated absorption cell technique was pioneered by 

Bruce Campbell and Gordon Walker in the 1980s. They used 

a hydrogen-fluoride (HF) cell in the telescope beam path and 

achieved a remarkable precision about 15 m/s (1979). The 

long path length (~ 1m) of the cell and high toxicity of the HF 

gas turned out to be a major operational hurdle.  Later, Butler 

and Marcy used Iodine gas cell which has strong absorption 

lines from 500-630 nm, making it an ideal substitute for the 

HF cell. The Iodine cell is heated to 60-70o C temperature 

where molecular iodine exists in the vapour form. During the 

stellar exposure, Iodine absorption features are superimposed 

on the star spectra. Unlike stabilized spectrograph, absorption 

cell technique does not attempt to eliminate the noise. Instead, 

the instrumental noise becomes common to stellar and Iodine 

lines. Using a powerful forward modelling code, it can track 

and calibrate all changes in a spectrograph, even if it is 

unstable. 

After several years’ hard work, 3m/s Doppler precision was 

achieved with Iodine cell in 1996. The price paid for the high 

precision was large computational time and the complexity of 

the code. The attractive feature of Iodine technique is that it 

works on any general purpose spectrograph without the need 

for additional design changes and stabilization. This way the 

exoplanet field became more accessible to a larger community 

of astronomers worldwide.       

A gradual evolution of radial velocity precision is shown in 

Figure 3. With these trends still holding, the next generation 

of ultra-stable spectrograph equipped with new calibration 

technologies such as laser frequency combs will bring the RV 

precision to a few cm/s level. 

The history: the pioneers who made the discovery 

possible 

(i) Roger F. Griffin (1967-) 

Roger Griffin at Cambridge, UK built the first cross-

correlation spectrograph reaching 100 m/s precision on bright 

targets (1967). Major source of RV errors were identified by 

Griffin, which eventually led to the development of stabilized 

spectrographs. He also showed that telluric lines can be used 

as a stable wavelength reference (1973). This idea was the 

basis for the later advancements of the absorption cell 

spectroscopy developed by Campbell and Walker and 

perfected by Marcy and Butler.    

(ii) Campbell & Walker (1981-1988) 

The first systematic radial velocity search for substellar 

companion orbiting a sun-like star was carried out by the 

Canadian team led by Gordon Walker and Bruce Campbell. 

Using the Canada-French Hawaii telescope on Mauna Kea, 

Hawaii, they started their ambitious survey in 1981. They 

pioneered the absorption cell technique for robust wavelength 

calibration and employed an absorption cell of Hydrogen 

Fluoride (HF) to achieve an RV precision of  10 - 15 m/s. 

They, in fact, reported the detection of 1.7 Jupiter mass (MJ) 

planet with an orbital period of 2.7 years around the star γ Cep, 

but later retracted the result. Eleven years later, the existence 

of this planet would be reconfirmed. 

(iii) Latham et al.  (1984-1990) 

David Latham and his team were the first to use stabilised 

spectrographs fed by optical fibers in radial velocity work. 

They serendipitously discovered a 13 MJ companion (orbital 

period 84 days) to the F-type star HD 114762. Although the 

mass was too high to be considered a planet at that time, this 

was the first firm detection of a substellar object beyond the 

solar system. 

(vi) Marcy & Butler  (1992 - ) 

Geoffrey Marcey and Paul Butler of San Francisco State 

University carried out one of the largest radial velocity survey 

of 70 nearby stars searching for exoplanets using the Hamilton 

spectrograph at Lick Observatory. They used iodine 

absorption cell to obtain a RV precision of 25 m/s in 1992. 

They were the first to model variable instrumental profile as a 

function of wavelength, and were able to achieve a high RV 

precision of 3 m/s by 1996. Unsurprisingly, they detected 

about half of the exoplanets discovered during the next 15 

years. 

(v) Hatzes & Cochran  (1993 - ) 

Hatzes & Cochran from Texas (US) demonstrated that they 

achieve a RV precision of 10-20 m/s by making use of telluric 

O2 bands for calibration. They tentatively reported the 

detection of a 3 MJ planet around the bright K giant star Pollux 

(β Gem). 

(vi) Mayor & Queloz  (1994 - ) 

Mayor and Queloz used newly built fiber-fed echelle 

spectrograph ELODIE (shown in Figure 4) to observe a 

selected sample of stars between 1994-95. They found a strong 

RV signal (see Figure 5) from 51 Peg, indicating a definitive 

presence of planetary companion. This Nobel prize winning 

work was published in November 1995 issue of Nature. 

Earlier Mayor had built Correlation Radial Velocity 

(CORAVEL, RV precision 300 m/s) spectrograph that was 

used to conduct a large survey of solar-type stars and binary 

systems. In 1989, observations taken by Mayor with 

CORAVEL and by Latham at Oak Ridge observatory had 

indicated a 13 MJ companion around HD 114762.  

Subsequently, Mayor was also involved in the development of 

several other successful spectrographs such as CORALIE, 

SOPHIE and HARPS. Together, the Swiss group led by him 

has discovered over 300 planets using the RV method. 
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Figure 4: The 1.9m telescope at Haute-Provence Observatory 

in Southern France (Left panel). The ELODIE spectrograph 

credited with the discovery of 1st exoplanet was located in a 

separate room below the observatory floor (right panel). 

Fiber-pick up and calibration assembly attached to the 

Cassegrain focus of the telescope can be seen in the inset. 

(Image from: www.obs-hp.fr) 

 

Figure 5:  The RV phase curve of 51 Peg as reported in the 

discovery paper (Mayor and Queloz, Nature 378, 355, 1995).  

Current Status 

We have come a long way since the discovery of the first 

exoplanet. We now know of more than 4000 confirmed 

exoplanets, and the number is likely to increase manyfold with 

the next generation of exoplanet missions. Previous space-

based exoplanet missions like Kepler and CoRoT along with 

ground-based facilities such as HARPS, WASP, HIRES and 

KELT have shown us that exoplanets are ubiquitous.  

What have we learned so far about exoplanetary 

systems? 

(i) There are more planets than stars in the Universe! 

One of the major findings of the Kepler mission is the fact that 

exoplanets are extremely common. By modeling and 

characterizing both the planets in the Kepler field as well as 

the Kepler telescope’s detection efficiency, it is possible to 

calculate the average number of planets around a star. It 

appears that every star in the Kepler field has about 1.5 planets 

around it.  This means that almost every star hosts more than 

one planet, and that there are more planets in the Universe than 

stars.   

(ii) Our solar system is not an archetypal planetary system! 

Up until the end of the last millennium, it was generally 

thought that our solar system is a model planetary system. Our 

understanding of how planetary systems formed was primarily 

based on our solar system. However, from the observed 

properties and the architecture of known exoplanetary 

systems, it is becoming increasingly clear that our solar system 

perhaps is not a representative planetary system. 

 

Figure 6:  The radius distribution of all known exoplanets in 

units of Earth radius (R). The coloured dashed lines are 

marked to show the radius of Earth, Neptune and Jupiter.   

The radius/mass distribution of all the known exoplanets show 

that most planets have radius/mass between that of the Earth 

and Neptune (see Figure 6). Planets with sizes between Earth 

and Neptune appear to be the most common in our galaxy. 

Interestingly, there is no such planet in our solar system! Also, 

small planets are more common than Jupiter-size gas giants. 

Only less than 7% of the stars have Jupiter-like planets. 

Further, the period distribution of exoplanets is very different 

from planets in our Solar System. Most exoplanets have a 

period of less than 30 days (see Figure 7). This means that they 

are almost 10 times closer to their parent star than Earth is to 

the Sun, orbiting well inside the orbit of Mercury (orbital 

period ~ 88 days). The results quoted above are valid even 

when corrected for observational biases and selection effects, 

indicating that solar system is, perhaps, not an archetypal 

planetary system.  

(iii) Know the star, know the planet 

One of the important results that is becoming increasingly 

evident is the strong dependence of the planet properties on 

their host star properties. It is as though the planets know what 

star it is born around! For example, it is found that stars 

hosting gas giant like Jupiter have high iron (Fe) content than 

stars that do not host giant planets. Further, cooler low-mass 

stars seem to host more planets than hotter massive stars: stars 

that are cooler than the Sun (M dwarf stars), on average, have 

2 planets per star while stars hotter than the Sun (F type) have 

about 0.7 planets per star. Sun-like (G & K type) stars tend to 
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have about 1.5 planets per star.  It is also found, however, that 

sun-like stars, on average, host more giant planets than cooler 

low-mass stars. 

Figure 7:  The period (in days) distribution of all known 

exoplanets. The colored dashed lines are marked to show the 

period of Earth, Neptune and Jupiter.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Future frontiers 

The award of the Nobel Prize has recognized the emergence 

of exoplanetology from the margins to the mainstream of 

astrophysics research. Coming years will see more exciting 

discoveries and rapid growth of the field. With a suite of space 

telescopes scheduled to be launched and several large-aperture 

(30 meter class) ground-based telescopes becoming 

operational in the next two decades, one can expect to come 

closer to finding a “second Earth", while at the same time 

adding more exotic and unexpected planets to the ever 

growing number. Continuing our tryst with exoplanets we 

have learned “of infinite worlds to exist beside this our earth” 

as Giordano Bruno had insightfully speculated in the sixteenth 

century. We have found planets around dead stars and planets 

around stars that are being born. We have also found planets 

that are so close to their stars that they are a hellish landscape, 

but haven’t yet found a habitable planet like our Earth. The 

search for another pale blue dot, a lonely speck somewhere in 

the great enveloping cosmic dark, is on.  
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Abstract 

The UN has declared the year 2019, as the year of the Periodic Table of the chemical elements, to commemorate the 150 years 

of the Mendeleev’s periodic table. In this article, we have summarised the evolution of the periodic table starting from the days 

of Mendeleev. Mendeleev built his periodic table with 63 elements known at that time. Today we have knowledge of 118 

elements. In this paper, we have also traced the growth of the isotopes of the elements and currently, the number of known 

isotopes is nearly 3500.  While most of the elements got created during the stellar evolution, in the recent years new elements 

have been produced using the charged particle accelerators. Finally, we have also pointed out the interesting applications of  

the elements in general and their isotopes in particular which are of  great relevance to society. 

 

Introduction  

           Nuclear physics research has been growing broadly in 

two directions: one direction is related to the investigation of 

nuclear interactions at high energies, nuclear matter at high 

energy – density values and observation of hadron to quark – 

gluon phase transition. This study has connection to early 

universe and cosmology. The other direction is related to the 

study of nuclei and their structure as a function of the mass 

number, excitation energy, shape, spin and isospin. This 

investigation is related to nucleosynthesis and stellar 

evolution. The ultimate aim of these studies is to understand 

the nuclear interaction and the stability of nuclei in general.  

            The elements which exist in the universe, originated 

predominantly through the nucleosynthesis mechanism at 

various stages of the stellar evolution [1- 7] – the big bang, 

stars, supernovae and neutron star. Some elements are also 

produced through the nuclear reactions initiated by the cosmic 

rays with the interstellar matter. In the year 1869, the Russian 

chemist Mendeleev came up with the idea of arranging the 

elements (around 63 elements known at that time) in a 

systematic manner in the form of a periodic table based on 

increasing weights of the elements.  The table has undergone 

many changes over the last 150 years. One hundred years ago, 

we had knowledge of nearly 92 elements and 300 isotopes of 

these elements. As a result of intense research, we have today 

nearly 118 elements and 3500 isotopes.  Most of these isotopes 

are manmade and unstable with half -lives ranging from years 

to fraction of seconds.  

            An overview of the developments and the evolution of 

the periodic table and the chart of nuclides in the last 150 years 

will be provided.  

Origin of the elements 

              It is believed that there was a big bang more than 10 

billion years ago and hot gas expanded with time. After a time 

of nearly 4 minutes, we had mainly protons, neutrons and 

gammas. To start with there was a nuclear reaction between p 

and n, leading to the formation of the deuteron. After 

successive nuclear reactions, we formed 3He and 4He. Even 

some amount of 7Li was produced. At the end of big bang 

cycle of nucleosynthesis (which lasted nearly 30 minutes or 

so) we had mainly Hydrogen to Helium in the ratio of 3:1 (by 

weight).  The primordial neutrons also get exhausted at the end 

of big bang cycle.  The details of the various nuclear reactions 

are given in figure 1.  

 

Figure 1: Big bang synthesis of nuclei 

After the Big Bang phase, the nucleosynthesis continued in 

the stars. The evolution of the star was due to the hydrogen 

and helium left at the end of the previous stage.    
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       After million years, the matter was relatively cold. Both 

neutral atoms and ionized atoms existed.  As a result, the 

gravitational attraction started compressing the matter and its 

density and temperature increased. As the energy was low, the 

proton interacted with the proton only through the weak 

interaction and formed the deuteron. Between the deuteron 

and the proton, a nuclear reaction took place leading to the 

formation of 3He. Then two 3He combined to form 4He and 

protons. Essentially the protons acted as a catalyst to form the 
4He. The p – p cycle details are given in figure 2.  

 

              Figure 2: Nucleosynthesis in the star 

In addition to the formation of 4He from 4 protons, we also 

had good amount of energy released in these reactions. The 

radiation due to this exerted a pressure on the matter getting 

compressed due to gravitational attraction. Energy and 

particles got emitted. H came to the surface. The gravitational 

attraction took over again and compressed the matter in the 

interior. The temperature rose and when sufficient, then, three 
4He combined to form 12C. Then a series of reactions induced 

by 4He took place: 12C and 4He combined to form 16O; 16O and 
4He combined to form 20 Ne. Now 4He came to the surface. 

Due to further compression two carbon nuclei could fuse to 

form various elements like 24Mg, 23Mg, 20Ne, 23Na. After that 

stage 12C nuclei went towards the surface. Then due to further 

compression and heating fusion reactions between 16O, 20Ne, 
24Mg and 28Si nuclei took place in successive stages. During 

all those stages, energy was released facilitating the fusion 

reaction. Finally, 56Fe was formed. After that step, the fusion 

reaction did not take place due to increased Coulomb barrier 

between the fusing nuclei and the non-availability of the 

required kinetic energy for fusion.      

  During the stage of stellar evolution, neutrons were also 

produced through 4He induced reactions on 13C and 22Ne. The 

next phase of nucleosynthesis was predominantly through the 

neutron capture reactions. Beyond 56Fe, the element formation 

took place through neutron capture. There were two 

possibilities. One was the s- process- slow neutron capture and 

the other was the r- process – fast neutron capture. The source 

of those copious supply of neutrons for the r-process was 

supposed to be supernovae or neutron stars.  

             The heavier elements up to U were formed through 

the neutron capture process. The elements 6Li, Be and B were 

produced mainly through cosmic ray interactions. B was also 

produced in supernovae. Different elements were produced in 

different parts of the star and there was a gradient in terms of 

temperature and density, with the highest values at the core. 

The lightest element H was at the surface and the other heavier 

elements gradually in various inner layers starting with He 

after H. Fe was at the core. Convection mixed the elements 

and pushed the ones in the interior to the upper layers and the 

surface. The stellar winds dispersed those elements into space. 

During the supernovae stage considerable amount of mass and 

energy came out. Finally, after all the stages of the stellar 

evolution, it is found that the abundance of the various 

elements in the solar system [4,5] is as shown in figure 3. The 

most abundant element is Hydrogen followed by Helium. The 

elements with Z=43, Z=61 and Z=85 do not exist in nature and 

they are produced using nuclear reactions. The elements 

Z=84,86-89 and 91 are found as decay products of U and Th. 

As the half-lives of the above elements with Z=43,61,84,86-

89,91 are much smaller than the age of the universe (~ 109 

years), they do not exist in the nature. As we have seen there 

are various stages of the element formation and there are a 

number of nuclear reactions (processes like big bang, stars 

etc.) which 

 

Figure 3: Relative abundance of the elements in the solar 

system.  The missing elements are also shown in the inset. 

influence the abundance of the elements as we have it today. 

The presence of the various elements in stars, in particular the 

ones on the surface can be identified through spectroscopic 

techniques. We can also get information about the elements 

from analysing the composition of the meteorites, lunar rocks 

etc. 

Evolution of the periodic table and the chart of the 

nuclides [7-13] 

          More than 300 years back, Boyle proposed that element 

was the smallest part of any substance. Nearly 200 years back, 

Dalton suggested that atoms were the smallest constituents of 

the element. There were a few attempts made to systematize 

elements (around 63) known more than 150 years ago. 

Doeberainer in 1817 suggested the model of Triads. i.e. the 

elements could be arranged in groups of three based on the 

properties displayed by them. e.g. Li, Na and K could be 

arranged in order of increasing atomic weight. It turns out that 

Li interacts little with water whereas K interacts with water 

very strongly. The Na which is in between the above elements, 

reacts with water moderately. Na (23) has atomic weight lying 

in between Li (7) and K (39). In the year 1860, Newlands 

proposed the law of octaves in arranging elements in 

increasing atomic weights: 

H      Li     Be      B       C       N    O                                                                                        

F       Na   Mg    Al       Si      P     S                                                            

Cl      K     Ca     Cr       Ti     Mn   Fe 

Figure 4: The law of octaves due to Newlands 
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The underlined elements in the sequence, 2,9 and 16 have 

similar properties as discussed earlier. However, this grouping 

is not always successful. e.g. grouping of O, S and Fe. O and 

S are non-metals. But Fe is a metal. Hence this grouping is not 

appropriate. Some of the elements like Sc were not known at 

that time. When Mendeleev came on the scene, he also tried 

grouping elements to systematize the data. He corrected the 

weights of some of the elements. He also arranged elements in 

increasing atomic weights and made use of their observed 

behaviour to place them in 

Figure 5: Mendeleev periodic table.   

his periodic table. e.g. He placed Ni(Z=28) before Co (Z=27) 

and Te (Z=54) before I (Z=53). He left gaps in his table as he 

anticipated that some more elements not known during his 

time should be discovered. e.g. He left a gap for Sc not known 

at that time. He left gaps for Ga and Ge, again not discovered 

until then. His table proposed in 1869-71 looked as in figure 

5. There are some similarities with the current periodic table. 

But there are also many differences. The current one has 

elements, B to F arranged in a row. In Mendeleev table, they 

are in a column. We have to remember that he knew only 

around 63 elements or so when he proposed his table. The inert 

gases like He, Ne, Ar, Kr and Xe were discovered by Ramsey 

and collaborators a bit later.  Hence these elements were 

missing in the table. Interestingly, the elements Li, Na, K, Rb 

and Cs having similar properties are in the same group(row). 

They are in the same column in the modern table.  While the 

elements, V, Nb and Ta are in the same column in the modern 

table, they are shown in the same row in the table of 

Mendeleev.  The elements F, Cl, Br, J(I) are together, as it is 

in the modern table. However, it is in the same row in the case 

of Mendeleev and same column in the case of the modern 

table. In the later years, around 1911, Rutherford discovered 

the nucleus was at the centre of the atom.  Bohr came up with 

the idea of electrons revolving around the nucleus and 

electrons in orbits.  Different orbits had definite number of 

electrons. If the principal quantum number of an orbit is N, 

then it can hold only 2N2 number of electrons. For N= 1, the 

number is 2. For N=2, it is 8. For N=3, it is 18 and for N=4, it 

is 32.  Moseley observed that the K x-ray energies from the 

various elements scaled with the atomic number of the 

elements. It became clear that the atomic number is a more 

fundamental quantity rather the atomic weight in deciding the 

properties of the elements.  

         An interesting way of arranging the elements was 

proposed by Janet in 1929 [9]. This kind of stair case like 

arrangement - first non-metal (H), alkali metal (Li), semimetal 

(B), metal (Al) and transition metal (Sc) were put as the head 

of the respective groups. 

 

Figure 6: Janet’s ladder type periodic table. 

Interestingly, Janet’s table had place for elements up to 

Z=120.  The elements with Z=43,61,85 and 87 were not 

discovered by the time this table was proposed. In this table, 

the inert gas He is not in line with the others. In the 1930’s, 

Chadwick discovered the neutrons. With that the picture of the 

nucleus became complete. The nucleus in general consists of 

protons and neutrons. Elements having the same number of 

protons, but different number of neutrons are called isotopes. 

Soddy is credited with the classification of elements and their 

isotopes. This he could do even much before the neutron was 

actually discovered. The table continued to go through an 

evolution in terms of new discoveries of elements with better 

measurements of masses and isotopes of the elements. The 

modern periodic table is shown in figure 7. 

 

Figure 7: Modern periodic table. 

Elements are grouped as per their properties- inert, halogens, 

non-metals, semi-metals and metals. We can see the elements 

with Z=57 to Z=71 are grouped together and are called the 

Lanthanides. Elements with Z=89 to Z=103 are called the 

Actinides. Seaborg was the first scientist to be honoured 

naming element Z=106 as Seaborgium even when he was still 

alive. He had also contributed to the growth of the periodic 

table and the arrangement of the elements like the Lanthanides 

and Actinides. They are arranged as per their properties. 

Ogannessian who is spearheading the super heavy element 

research is honoured with the name Oganneson for element 

Z=118.  
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          It is clear that the periodic table cannot include all the 

isotopes of the elements. To arrange elements and their 

 

Figure 8: Chart of nuclides 

isotopes, a chart of nuclides was proposed. The chart of 

nuclides (figure 8) has the neutron number on the X-axis and 

the proton number on the Y-axis. The isotopes are placed in 

this chart as per their N and Z numbers.  The chart has both 

stable and unstable nuclides. The abundance of the various 

stable isotopes and some decay modes of the unstable isotopes 

are also listed in the chart. 

Production methods for new elements / isotopes [12-

17] 

         We have already the discussed the origin of the elements 

as they exist in nature. Artificially we can produce many more 

elements and isotopes. As on date we have produced nearly 

3500 isotopes of elements, most of them radioactive with half 

-lives ranging from years to fraction of seconds. There are a 

number of nuclear techniques to produce the new 

elements/isotopes beyond what exist in nature. The charged 

particle accelerators and the nuclear reactors are the main tools 

for the above purpose. Using the neutrons from the nuclear 

reactors, one could initiate neutron induced nuclear reactions 

to produce elements and isotopes. Using the charged particle 

accelerators, we have greater possibility of producing a larger 

number of elements and isotopes. Broadly there are four 

methods: 

 Nuclear Fusion  

          The energetic projectile nucleus (Zp, Ap) is made to 

fuse with the target nucleus (Zt, At). As a result, an excited 

compound nucleus is formed, with mass number Acn = Ap + 

At and Zcn = Zp +Zt. The excited compound nucleus decays 

predominantly emitting a few neutrons. After this, residual 

nuclei with Ar = Acn – xn with x= 1 to 5. (typical values) will 

be produced. e.g. Projectile 70Zn (Z=30) fuses with the target  

 

Figure 9: Nuclear fusion. 

209Bi(Z=83) leading to Compound 279Nh (Z=113). The 

compound emits 2 neutrons and then we get 277 Nh (Z=113), 

which is the residue.  This is the way the super heavy element 

with Z=113 which did not exist in nature was produced.  

 Nuclear Fission                                                      

           Neutron(n) interacts with 235U(Z=92) leading to the 

formation of 236U(Z=92) compound which then undergoes 

 

Figure 10: Nuclear fission. 

fission. As a result, the two fission fragments 142 Ba (Z=56) 

and 92 Kr(Z=36) are formed and two neutrons are also emitted. 

However, the heaviest isotopes of Ba and Kr in nature are 
138Ba and 86 Kr. Thus, through the fission reaction, we are able 

to produce Ba and Kr isotopes with a values much higher than 

the values available in nature. In the fission process, the fission 

fragments having a range of masses are produced and division 

in to Ba and Kr is only one of the most probable processes.  

Nuclear Fragmentation 

 

Figure 11: Nuclear fragmentation reaction. 

           In the nuclear fragmentation reaction, we can have two 

possibilities: projectile or target fragmentation. 238 U ion at an 

energy of 345 MeV/A impinges on 9 Be target and produces 

after fragmentation reaction, a large number of fragments like 
76,77 Co, 79,80 Ni, 81 Cu. All these nuclei are very exotic in that 

their mass numbers are very high compared to what we have 

in nature for these elements. e.g. The heaviest isotopes of Co, 

Ni and Cu in nature are 59 Co, 64 Ni and 65 Cu respectively. We 

can also use a light projectile like protons of GeV energy and 

make it collide with 238U target and produce fragmentation 

products with a range of mass and charge numbers. More than 

200 isotopes can be produced in one experiment.  
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Multi-nucleon Transfer                                                       

            A 48 Ca beam of 270 MeV interacting with the target 
248Cm, produces after multi-nucleon transfer of nucleons 

between the target and the projectile, the nuclei       

 

Figure 12: Multi-nucleon transfer reaction. 

like 216U, 223,229 Am. These nuclei have A numbers much less 

compared to normal values of these nuclei. e.g. 235U is the 

well-known U isotope. 216 U is significantly smaller than 235U.  

         The above methods are employed to produce new 

elements and isotopes. The challenge is to separate the nuclei 

of interest from the various reaction products and identify 

them in terms of their mass, charge and energy. For this we 

use different types of detectors and employ various detection 

techniques. In some cases, the radioactive nuclei produced can 

be further accelerated for experiments with radioactive ion 

beams. Currently, we are producing nearly 10 to 12 new 

isotopes every year. So far we have produced and identified 

nearly 3500 isotopes all put together, besides 118 elements 

[10-11].  

            As we go beyond the super heavy nuclei with charge 

numbers ≥ 104, the cross sections for production of these 

nuclei become very small of the order of 10-36 cm2. Further, 

they also have ultra-short life times of the order of 

milliseconds and microseconds. We usually end up producing 

only a few atoms of these heavy nuclei per day and it becomes 

very difficult to do chemistry with these small number of 

atoms. Ultra-fast chemistry has to be performed [12-14]. One 

of the interesting features of the chemistry studies has been to 

probe the relativistic effects of the valence electrons in the 

case of super – and heavy – nuclei and the consequent effect 

on the electronic structure [14]. 

Applications of the new elements and isotopes [18-20] 

         The most important application of some of these 

isotopes is in the field of medicine.  Isotopes like 60 Co, 99Tc 

and 131I produced in the nuclear reactor, are very important for 

diagnosis and treatment. There are radioisotopes which can be 

produced only using the nuclear reactions induced by the 

charged particles from the accelerators. Some of these 

isotopes are 18F, 68Ge (both for PET), 123I (for SPECT), 201Tl 

etc. They are employed in PET (Positron Emission 

Tomography) and SPECT (Single Photon Emission Computer 

Tomography), organs - imaging programmes in the hospitals. 

More recently the Tb isotopes are found to be interesting as 

we can carry out not only PET, SPECT imaging required for 

diagnosis, but also perform treatment. e.g. The three radio-

isotopes of Tb - 161Tb (for therapy) 155Tb (for SPECT 

diagnosis) and 152Tb (for PET diagnosis) are very important 

for healthcare programme. Sterilization of medical products is 

another important application of radioisotopes. The 

radioisotopes like 192I, 60Co, 24Na, 75Se, 169Yb and tritium find 

applications in industry [20] – leakages of pipelines both over-

ground and underground, trouble shooting and process 

optimization, gamma radiography of materials to find defects, 

thickness control of products in manufacturing cycle.  The 

radioisotopes are also used in the field of food industry as 

radiation treated food products like potatoes, onions, pulses, 

spices, mangoes etc. get enhanced shelf life. The ripening of 

fruits is delayed, and sprouting is inhibited in potatoes and 

onions as a result of the controlled radiation treatment of 

theses agricultural products.      

           Over the years, we find wide usage of many of the 118 

elements (and isotopes) in varied fields like industry, 

healthcare, agriculture etc. Due to the increased use of some 

of these elements, they are being listed as endangered 

elements [21,22]. The day may not be far when even the 

elements which exist in nature today may have to be produced 

artificially!   

Summary 

          One hundred fifty years have elapsed since Mendeleev 

started arranging the elements in the form of a periodic table. 

The periodic table is helpful in systematizing a large number 

of elements having different properties. The modern periodic 

table is complete with elements up to Z =118 arranged in 18 

columns and 7 rows. According to one of the theories, the 

maximum charge value of the element (atomic number) can 

be only 137. However, another model predicts the limiting 

value of Z to be significantly higher. With the improvements 

in technology, it will be possible to produce not only elements 

beyond Z=118 but also a few thousands of new radio isotopes. 

We have to remember as the production rates of these heavy 

elements will be extremely low, the progress in discovery of 

elements beyond Z=118 will take many years of sustained 

efforts. Chemistry of elements up to Z=118 is very 

challenging, requiring innovative radio chemical techniques. 

The future of low energy nuclear physics research continues 

to be bright with the prospects of discovering new elements 

and related isotopes in the years to come.  The aim of all these 

investigations continues to be the understanding the origin of 

the elements and their abundance. This will also lead to a 

better understanding of nuclei and their stability.    
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Abstract 

A glimpse at the rich physics and diverse applications of the field of laser plasma interaction has been provided. Future 

possibilities and scope of the field has also been discussed. 

 

 

Introduction  

Ordinary matter comprises of neutral atoms and molecules. 

When such a matter is subjected to extreme environment 

(heating and/or electrical discharge) the electrons from 

individual atoms are stripped apart. The collection of 

positively charged ions and the electrons interacting in a 

collective fashion is termed as the plasma state of matter. A 

picture of Argon plasma created in laboratory has been shown 

in Fig.1. The charged plasma medium is an extremely versatile 

state of matter and offers enormous possibilities both for the 

exploration of frontier areas of research in physics and also for 

its exploitation for many useful purposes.  

       The laser field   appears as a natural partner of the plasma 

medium. Its electromagnetic field influences the dynamics of 

the electrons and ions (the two charged species of the plasma 

medium) leading to myriad possibilities. Furthermore, with 

rapid strides in the technological advancement of lasers since 

its birth in the 1960s, the physics of laser plasma interaction 

has become increasingly richer and exceedingly broad. 

There are many roles that a laser can play vis a vis plasma 

medium. First and foremost if the laser intensity is high 

enough for its electric field to become comparable and/or it 

exceeds the atomic binding field of the material, the laser can 

ionize the matter to create plasma medium. Thus laser 

provides for a possibility of generating plasma medium from 

ordinary neutral matter.  Laser power is also used   for the 

purpose of   compressing and heating the   plasma   of 

hydrogen ions for nuclear fusion. The denser and hotter 

plasma is suitable for fusion as Lawson criteria 

sKeVMtnTτE
32110   

(where n  is the number density of the plasma, T is the  

temperature and E  is the energy confinement time) defines 

the figure of merit for a fusion reaction to have higher rate of 

energy production than energy input. The interaction of laser 

with plasma is the genesis of many 

 

 

Figure 1: Argon Plasma in Laboratory 

frontier technologies, such as table top devices for charge 

particle acceleration (ions and electrons), intense radiation 

sources etc. The intrinsic nonlinear character of laser plasma 

interaction has led to major developments in the fundamental 

physics of nonlinear theory, parametric instabilities, plasma 

turbulence etc. The recent advancements in laser power has 

opened up possibilities of investigating many astrophysical 

phenomena in laboratory, thereby giving birth to the field of 

laboratory astrophysics. In future as the laser intensity 

increases the pair production, QED and radiation reaction 

effects in the collective environment of plasmas can also be 

studied in the laboratory. The behaviour of matter in high 
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pressure and high temperature regimes can be altogether 

different than the matter at normal density and pressure 

regimes to which we are acquainted with. The equation of 

state and other properties of matter in such a regime is not 

known. Matter and plasma under the intense radiation field of 

laser can create such a high energy density state for 

exploration.  

Keeping in view the vast and diverse nature of the field, the 

narration of the story of the laser plasma interaction here, is 

selective and provides only a glimpse of this field.  

Linear theory of laser propagation through plasma 

The propagation of laser field through plasma medium turns 

out to be quite interesting. The plasma medium contains free 

electron and ion charges. The conduction current of the free 

charges induced by the rapidly oscillating laser electric field 

in the medium can balance and shield the displacement current 

of the electromagnetic radiation, thereby inhibiting the 

propagation of the laser radiation. The conduction current is 

given by 

ee venJ 0 , 

here 0,ne  and ev are the electronic charge, number density of 

electron charges and the electron quiver velocity in the laser 

electric field. The heavier ion species contribute negligibly to 

this current as their quiver velocity at the high frequency laser 

electric field is too small.  It should be observed that the 

conduction current by the particles has an upper limit as the 

electron velocity ev  can never exceed the speed of light c . 

The displacement current on the other hand has no such limit. 

At small laser intensities for which   the electron motion does 

not become relativistic,  

Bve   

force on electrons can be neglected.  The typical value of the 

electron quiver velocity can then be estimated from the 

equation of motion of electrons as  

ee meEv /  

(here E   is the laser electric field, 
e

m  is the electron mass and 

  is the laser frequency). The displacement current which can 

be estimated as E ,  can be shielded by the conduction  

current provided  

tEccJ e  /)/1(/4  

in the Ampere's law of Maxwell's equation. This requires 

EmEne e  )/(4 0
2 , 

implying that  

22
0

2 /4 peemen    

 Thus only when the laser frequency is higher than the electron 

plasma frequency
pe

  the laser radiation can propagate inside 

the medium, as in this case the electron conduction current is 

unable to shield the displacement current. The plasma 

frequency 
0npe   is the typical frequency at which the 

electrons in the plasma medium respond.  One can thus always 

find a critical plasma density 0n  beyond which a laser with a 

given frequency will not be able to propagate inside the 

plasma.  The plasma is said to be overdense for the laser 

radiation   if the plasma density is higher than the critical 

density.  

  The plasma medium essentially behaves like a dielectric 

medium with the dielectric permittivity given by the 

expression 

 
2

2

2

22
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pekc
 . (1) 

for the electromagnetic radiation. In the above description the 

electrons response to the laser field is reactive. The electron 

velocity is out of phase by 90 degrees with the laser electric 

field making the average value of  EJ vanish over the 

laser cycle. Thus in this case the laser cannot dump its energy 

to the plasma.  

      Our prescription above has, however, been quite 

simplistic. It is a linear description and it assumes no 

randomization of electron trajectories. In reality the electron 

motion would get randomized due to collisions with the 

background ions of the plasma medium. This would provide 

for a resistive component in its motion making  EJ  

finite. The energy from laser can thus get dumped in the 

plasma medium. The other possibility of laser energy getting 

absorbed by the plasma is when the laser frequency resonates 

with the natural collective plasma frequency of the medium. 

This is known as the resonance absorption mechanism.  

       Depending on the nature of applications, one may wish to 

have in certain situations a minimal loss of the laser energy as 

it goes through the plasma and in other cases one may like to 

employ the laser for the purpose of efficiently heating the 

plasma. One may often also require heating at a definite 

localized region in the plasma medium. Accordingly studies 

have been conducted to optimize one or the other of these 

aspect.  

      For differing requirements the possibility to appropriately 

manoeuvre the system may be desirable. The rich nonlinear 

physics associated with the interaction of lasers with plasma 

in fact gives the freedom and possibility to cleverly utilize the 

system dynamics for the desired objective. The nonlinearity 

also on the other hand often becomes a major cause of concern 

and posits difficulties which need to be overcome by 

developing a better understanding of it. This continues to 

remain a challenge in the field. The understanding remains 

incomplete providing a lot of scope of research in the field. A 

recent review article written by Kaw [1] on laser plasmas 

provides a wonderful depiction of this area in detail. 

Rich nonlinear physics 

       The physics of laser plasma interaction is intrinsically 

nonlinear. The laser electromagnetic fields influence the 

dynamics of plasma particles. The motion of charged particles 

in turn creates electromagnetic fields. There are convective 

vv   and Bv nonlinearities in the system. When the 

intensity of the laser radiation is high these nonlinearities start 
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playing an important role in governing the dynamical 

evolution of the system and many kind of new phenomena are 

observed.  The manifestation of the convective and the Bv

nonlinearities can often be understood on the basis of a 

ponderomotive force term 

2|| EFp   

in the equation of motion of the charge particles.  The 

ponderomotive force pushes the electrons   out of the region 

of high laser intensity. The dielectric constant in the electron 

evacuated region alters in a fashion so as to increase the laser 

intensity further in this region, leading to a positive feedback 

for an instability to develop. Thus beyond a certain threshold 

of laser power a spatially separated region of plasma and 

radiation seems more viable. The laser radiation may also get 

trapped in the cavity that it creates by pushing the electrons 

out where they pile up to create an overdense region. This has 

been illustrated in the schematic plot of Fig.2. Here the blue 

dotted line represents the radiation profile, the red coloured 

solid line is the profile of the electrostatic potential created as 

a result of electrons being pushed out of the region by the 

ponderomotive nonlinearity from the region where the 

radiation intensity is high. The plus and minus signs denote 

the ions and electrons respectively. For 

 

 

Figure 2: Schematic of light trapping inside plasma in a 

plasma cavity evacuated of electrons. (Courtesy Deepa 

Verma) 

For laser intensities which are higher than 1018 Watts/cm2, the 

quiver velocity of electrons in the oscillating laser electric 

field becomes relativistic giving rise to relativistic 

nonlinearity in the medium. The increase in the relativistic 

mass of electrons reduces the effective plasma frequency. 

Laser radiation at relativistic intensities can thus penetrate 

even an overdense plasma medium. This effect is termed as 

the relativistically induced transparency.   

       Exact analytical solutions in the form of envelope solitons 

with the trapped laser radiation have been obtained [2-4] for 

various parameter regimes and have distinctive 

characteristics. The stability and robustness of such solutions 

have been illustrated in many simulation studies. These 

structures can move undistorted in the plasma and can have 

group speeds of the order of the speed of light.  They can play 

an important role in energy transport. It should be noted that 

the conventional particle accelerators have reached a limit in 

terms of their size. The material breakdown limit severely 

constrains the acceleration gradient that can be achieved in 

conventional accelerators. Since plasma is already a broken 

down medium such a restriction does not apply to it. Thus, 

plasma based accelerators provide for a promising new 

technology for particle acceleration. The acceleration gradient 

of ~ 10 GV/Mt, which is 3 orders (1000 times) higher than that 

of conventional accelerators can be achieved by a plasma of 

density 1016 /cc.  The space charge field required for the 

acceleration of charged particles in plasma medium can be 

created with the help of the lasers. The laser disturbs the 

plasma medium creating wake field electrostatic potential 

structure behind it which is used for particle acceleration. The 

particles are injected at an appropriated phase with respect to 

the wakefield potential structure to have the maximum energy 

gain. Since the wakefield remains attached behind the laser 

pulse, it moves with the group velocity of the laser pulse which 

is typically very close to the speed of light. When the injected 

particle moves with the same speed as that of the wakefield 

structure it continues to see a static electric field for a longer 

distance and keeps gaining energy until it gets dephased. The 

idea of plasma based accelerators were first theoretically 

proposed by John Dawson [5]. Thereafter, the concept was 

explored experimentally and in the last two decades rapid 

progress in the area has been reported by various laboratories 

worldwide (e.g.  Lawrence Berkley National Laboratory 

(LBNL) in USA, Labontoire d’Optique AppliquCe (LOA) in 

France and (Rutherford Appleton Laboratory (RAL) in UK). 

In India, Raja Ramana Center of Advanced Technology 

(RRCAT), Indore has been doing pioneering experiments in 

the area. It has now become routine to obtain multi-GeV 

electrons in a cm scale plasma [6-8]. This is indeed 

revolutionary as it   reduces the size, cost and required energy 

of future accelerators making the energetic beam   accessible 

for many applications.  

       The ongoing experiments are focussing on improving the 

quality of the accelerated beam. The emphasis is on obtaining 

beams with low energy spread, low divergence and improved 

beam current. The discovery of a new regime known as the 

bubble regime [9-10] in which a ion cavity is created by the 

expulsion of electrons by ponderomotive force of the laser 

field (discussed earlier) has been very helpful in improving the 

beam quality.    

       The electric field in the plasma for acceleration can also 

be created by energetic particles. This is an alternative to the 

laser plasma acceleration although it is based on plasma 

medium. The experimental group of Chan Joshi at University 

of California, Los Angeles (UCLA) along with the SLAC have 

employed this mechanism for acceleration [11]. The scheme 

employs energetic particles from an accelerator to create a 

space charge cavity in a plasma for acceleration. Often the 

front of the energetic particle beam creates the space charge 

fields in the plasma which is utilized by the particles in the 

rear of the beam for their energy boost. This scheme has also 

yielded promising results. At CERN the AWAKE project 
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explores the beam driven plasma acceleration scheme with a 

proton beam. It is clear that acceleration by this method    has 

to rely on conventional accelerators and hence cannot be a 

compact standalone system. The laser based acceleration in 

contrast has an advantage of being a compact independent 

table top device through which the energetic charge particles 

can be extracted for myriad applications. The progress in   

laser plasma wakefield accelerators have led to the 

development of compact coherent X- ray sources which are 

very useful for high resolution imaging. During the process of 

acceleration the electrons jiggle in the transverse direction and 

emit synchrotron X -ray radiation. It is known as the betatron 

radiation. Betatron sources of ~ 10 KeV energy has been 

reported so far. The micrometric size and femtosecond 

duration of these sources are important for high resolution 

diagnosis and ultrafast absorption spectroscopy.  

        The progress in the laser plasma interaction based 

particle acceleration scheme also provides an example of how 

the synergy between theoretical, computational and 

experimental efforts have contributed to its rapid progress.  As 

discussed earlier the theoretical concept was provided by 

Dawson in 1979 [5] which led to experimental explorations. 

The simulations (mainly Particle - In - Cell) have proved 

extremely fruitful in providing inputs to the experiments from 

time to time. It is noteworthy that the bubble regime [9], which 

proved to be extremely useful, was first identified in 

simulations and then explored experimentally.  

        Apart from particle acceleration, another important 

application of laser plasma interaction is for the purpose of 

nuclear fusion. Many schemes for laser fusion have been put 

forth and are being improvised. In the inertial confinement 

fusion (ICF) one wishes to compress the fusion pellet to super 

solid density so that in a short time itself before the pellet is 

blown apart, the Lawson criteria can get satisfied. Laser was 

employed for the task of compressing and heating the fusion 

pellet.  However, while the required compression of matter   

1024 /cc could be achieved easily, heating it up at the 

temperature of 10 KeV at the core which is best for initiating 

fusion reaction proved difficult. There was mixing of the hot 

and cold fuel making the process energetically inefficient. The 

fast ignition concept of laser fusion was introduced against 

this backdrop in which the task of compression and heating 

were separated. First the fusion target was compressed 

keeping the target cool (the compression is much easier then) 

by a slow nanosecond laser pulse. Thereafter, a fast 

femtosecond laser pulse is sent for creating the ignition spark. 

Since the laser cannot penetrate the compressed high density 

target an indirect mechanism using hot electrons created by 

the laser at the critical density surface are utilized. It is hoped 

that the energetic electrons propagate in the denser region of 

the target and would dump their energy to the ions there to 

create a fusion spark. While a scaled down experiment showed 

promising results there was scepticism for the scheme to work 

for fusion scale experiments. The reason being that for fusion 

scale experiment higher energy would be required.  However, 

as one increases the electron energy it becomes difficult for it 

to interact with ions through collisional processes as the 

Rutherford's collisional cross section drops down with 

temperature as 2/3

eT . It was clear that one had to take resort 

to anomalous processes. Indeed the energetic electron 

propagation through plasma is beset with instabilities and 

turbulent processes which are known to modify the transport 

coefficients such as resistivity etc. In this area we have had a 

fruitful interaction between our   theory group, TIFR and ILE 

Osaka. The theoretical ideas could be tested at TIFR and ILE 

Osaka laboratories. The collaboration led to several joint 

publications [12-15]. The studies opened up newer areas for 

further investigations. The experimentally observed magnetic 

turbulence in laboratory has relevance in astrophysics. The 

field continues to be rich and many challenging questions 

remain to be explored to provide further excitement 

Future scope and concluding remarks 

       The coming decade and beyond will be quite exciting for 

the field of laser plasma interaction. Many new laboratory 

facilities are coming up which would be pushing the frontiers 

of laser power, pulse duration etc.  For instance, under the pan 

- European "Extreme Light Infrastructure (ELI)" three 

laboratories are coming up soon. The ELI-beamlines at Czech 

republic promises to provide the world with the most powerful 

advanced laser system at 10 PW (Peta Watt), the focussed 

light intensity would be upto 1024 W/cm2. It should be noted 

that at such intensities not only does the ion response become 

crucial it is also relativistic.   It is hoped that this will bring in 

new techniques and tools not only for basic research but also 

for medical imaging and diagnostics, radiotherapy, new 

materials, and X-ray optics. Matters under extreme pressure 

and densities can be explored, in laboratory conditions for 

studying astrophysical issues will be possible. The ELI-

Nuclear Physics facility at Romania is coming up with two 10 

PW laser facilities along with a intense  ray beams with 

energy of the  ray photon to be about 19 MeV. The possibility 

of vacuum birefringence, pair production etc., can be explored 

in this facility along with a host of applications in nuclear 

medicine etc. The third laboratory of ELI-ALPS in Hungary 

will have light sources between THz (1012 Hz) and X-ray (1018 

- 1019 Hz) frequency range in the form of ultrashort pulses with 

high repetition rate. This will enable the imaging of fast 

dynamics by taking snap-shots in the attosecond scale. The 

electron dynamics in atoms, molecules, plasmas and solids 

can thus be captured.  

        Another important technological advancement is the 

production of high magnetic fields in the laboratory. At 

present the magnetic   field strength   of the order of Kilo Tesla 

has been achieved and there are enough indications for the 

increase in the field strength in future. Such high magnetic 

fields along with high intensity lasers open up the area of 

studying the laser plasma interaction for the case of 

magnetized electrons. The high magnetic field at short scales 

suggests that perhaps it is a time to combine the best of both 

magnetic confinement and inertial confinement fusion 

schemes to come up with a smart idea of nuclear fusion.  

       It is thus clear that the future looks quite exciting and 

bright for the field of laser plasma interaction. The new 

experiments in an altogether new domain will pose new 

challenges for theoreticians and simulation experts. The 
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Particle - In - Cell codes are already been upgraded to gear up 

for the challenge. 
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Our April-September 2019 commemorative issue on the 125th birth anniversary of S.N. Bose received a lot of feedback 

from the community. Thank you all for your emails and comments. We’re also glad to see that several discerning readers 

have gone through the articles in detail. A few readers have commented on the counting of phase space states, and the 

interpretation of indistinguishability etc. as in the works of S.N. Bose. The papers of that time are of course written in a 

very different style, and we would suggest that the readers go through  Bose’s seminal 1924 Z. Phys paper on “Planck’s 

law and the light-quantum hypothesis”,  which can be found on page 95 of the collected volume of Bose's papers 

https://www.bose.res.in/Prof.S.N.Bose-Archive/objects/Collected%20Scientific%20Papers.pdf 

From the Physics News Editorial Board 

https://www.bose.res.in/Prof.S.N.Bose-Archive/objects/Collected%20Scientific%20Papers.pdf
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Sukant Saran, a physicist turned artist, considers art a compelling means of self-expression and 

communication. His abstract pen-works have been shown in two exhibitions, “Meditations” (1998) 

and “Mindscapes” (2001), at Nehru Centre, Mumbai. He has held three exhibition of science-based 

art; a) “Scientific Art – A Creative Interaction” (2006, IISc, Bangalore), b) “SciSights” (2009, TIFR), 

and c) “Scales: Micrograph-Photo Montages” (2012, TIFR and Panjab University, Chandigarh). 

Since 2012 he has been involved in creating sculptures. A selection of his work can be viewed at the 
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Abstract 

The beauty and mystery of Science is a perennial source of inspiration for artistic exploration. The aesthetic of Science has 

been compared to the general aesthetic of Art and the two are found compatible. The aesthetic of Science in its day-to-day 

practice is not only a powerful source of inspiration for the scientific research, a case is made for transforming this aesthetic 

into Art about Science. This article elaborates on the nature of beauty in Science, the scope of Art-Science interaction and 

situates my recent artwork within a philosophical framework. 

 

 

Introduction  

In the concluding remarks of my earlier article [1], it was 

stated that scientific techniques and concepts unravel a 

wondrously beautiful hidden world which is intimately 

connected with what is visible. Artists intuitively respond 

to the beauty and mystery of science. Capturing and 

expressing this great beauty becomes a satisfying artistic 

pursuit. In this follow-up article I would situate my recent 

artwork within a philosophical framework. 

Philosophy and science are related in many ways. 

Traditionally, the subject of philosophy has been divided into 

Ethics (study of ideal conduct: knowledge of good and evil, 

right and wrong), Politics (study of ideal social organization), 

Logic (study of ideal method of thought and research), 

Metaphysics (study of “ultimate reality” of all things), and 

Aesthetics (study of ideal form or beauty: philosophy of art) 

[2]. Science has connections with Ethics and Politics and very 

strong connections exist with Logic and Metaphysics. Logic 

plays a very fundamental role in science especially in the 

development of mathematical logic. Metaphysics concerns 

itself with real and final nature of matter (ontology), nature of 

mind (psychology), and interrelation of mind and matter in the 

processes of perception and knowledge (epistemology); which 

are also deep concerns of science. In this article the link 

between Aesthetics and Science will be explored. 

There have been many attempts in the past to describe this 

link. S. Chandrasekhar, in his book Truth & Beauty: Aesthetics 

and Motivations in Science, elaborates on the mathematical 

aspects of theories and finds beauty in the harmonious order 

that a mathematical representation of nature creates [3]. In 

order to evaluate scientific theories as works of art he 

discussed the General Theory of Relativity and arrived at two 

criteria; a) strangeness that excites wonderment and surprise, 

and b) “the conformity of the parts to one another, and to the 

whole”. In the book Beauty and Revolution in Science, James 

McAllister [4] explained the historical progress of sciences in 

terms of aesthetic evaluations of scientific theories, thus 

advancing an alternative model of scientific revolutions in 

opposition to that of Thomas Kuhn. McAllister’s work has 

been modified and extended by Montano who has discussed 

the beauty in science and mathematics [5, 6]. Martin Kemp, a 

historian of art, urges to move beyond the simple and rather 

superficial influence of science on art, or the influence of art 

on science [7]. According to him the interaction of science and 

art is centred on the issues of cognition, perception, intuition, 

mental and physical structures, the communicative and social 

action of images, and the role of what we call the aesthetic as 

a shared instinct across the arts and sciences. Also, Frank 

Wilczek has recast the historical development of high energy 

physics as a quest for beauty [8]. 

While most of the scientists maintain this ideological stand, 

there have been views which oppose the notion of aesthetics 

as a guiding principle for scientific development. A contrary 

view has been advanced by Marilyn Kane in which the claims 

of scientists about the role of aesthetics in scientific activity 

have been challenged [9]. Philip Ball has argued that beauty, 

as characterised by symmetry, simplicity and harmony, cannot 

be a good criterion for truth [10] because history of science is 

mailto:sukant@tifr.res.in
http://sukantsaran.in/
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full of many ideas and theories that have been considered 

beautiful but are wrong, and beauty in science must be sought 

in its human aspects; in ingenious experimental design, 

elegance of theoretical logic, gentle clarity of exposition, and 

imaginative leaps of reasoning. 

All the discussions mentioned above are carried out within 

the historical framework. Instead of charting a course in the 

history of science based on aesthetics or delving into the 

philosophical debates about nature of beauty, a more down-to-

earth approach has been advocated by Maura C. Flannery in 

the context of science education [11]. The aesthetics aspects 

have been identified in the daily practice of science. The 

following discussion is guided by this practical approach. 

In the mind of the general public, and particularly within 

the educational system, science and art exist as two separate 

entities, different from each other, having almost opposite 

characteristics. The public image of an artist and that of a 

scientist are very different indeed. Science is understood to be 

characterized by discoveries and concepts, and art is thought 

to be concerned with aesthetics.  

There are characteristics, rather obvious to any observer, 

which emphasise this dichotomy. As was stated in my earlier 

article, science looks at, deals with and describes the external 

world, whereas art’s gaze is directed inwards, depicting an 

internal world. The emphasis in science is on the intellectual 

aspects of the mind; art gives importance to the emotions 

while science excludes them. Science is objective on purpose; 

the individual opinion is subdued by the collective. Art 

celebrates subjectivity, the individual’s response overrides the 

collective. It appears that there are two distinct visions of 

reality; a shared vision of science and a personal vision of art. 

It is not difficult to see that why in the general perception 

science and art are different. To appreciate a work of art, the 

viewer need not be involved in, or even aware of, it’s creative 

and technical aspects. The intuitive and emotional response to 

art eschews explanation. Science, however, needs elaborate 

explanations for those who are not scientists. 

Yet, despite these manifest differences, science and art 

have been interacting with each other throughout the history. 

Both are, of course human activities and share socio-historical 

features. Observation of natural phenomena is the common 

starting point for them. Both engage in the description and/or 

depiction of those observations. The next step is to 

communicate the essence of the observations. Both, science 

and art are preoccupied with creation of meaning and a great 

amount of effort goes in creating entities which are 

characterised by truth and beauty. 

Truth and beauty appear to be the real goals of science as 

well as art. It is worth recalling the observation made by G.H. 

Hardy, “A mathematician, like a painter or a poet, is a maker 

of patterns”. Pauli goes to the extent of saying that “one should 

never declare that theses laid down by rational formulation 

are the only possible presuppositions of human reason”. There 

is a reality “out there” and all the sciences and all the arts 

create different representations of that reality, emphasising on 

the intellectual experience in case of science and aesthetic 

experience in case of art. 

So, what is an aesthetic experience? Beauty, though readily 

recognizable and freely invoked, is indeed very hard to define. 

One view claims that things are intrinsically beautiful, while 

another stresses that beauty is in the eyes, and hence mind, of 

the beholder. Ignoring these two extreme views and other 

philosophical intricacies we shall consider the aesthetic 

experience as an active emotional interplay between the 

subject and the object. 

The concept of truth is even more difficult to pin down. 

Beauty may not be intrinsic, but is truth intrinsic? Are things 

true, independently of the mind that observes? Probably not. 

Truth may be as much a creation of the mind as beauty is. We 

understand the characteristics of scientific truth, in our minds, 

and it is part of the public discourse. We also know what 

artistic beauty is, in our minds again, and that too is part of the 

public discourse.  

However, also existing are artistic truth and scientific 

beauty. We are aware of the artistic truth when we listen to the 

fables like those of Panchatantra or Aesop. The events 

described there are completely fictitious and impossible, there 

being no “truth” in them, yet we ignore that and concentrate 

on to the story and the message; a message that we deem to be 

true. It is same with other forms of art. A painting or a 

sculpture invariably idealises the subject matter, removes 

what the artist considers as superfluous, takes liberty with 

form and colour; and yet when we see the artwork the 

“untruthful” content does not bother us because we are 

interested in the truth the artist wants to convey. Often there is 

an intentional distortion of scientific truth for the explicitly 

stated purpose of highlighting the artistic truth. However, 

artistic truth is not widely discussed and is rarely part of the 

public discourse.  

And, what about scientific beauty? Again not part of public 

discourse, but it is recognised within the scientific community 

as something real. There is a view that says that scientist 

studies nature because he/she takes pleasure in it; and there is 

pleasure because it is beautiful. That seems to be an extreme 

stand. All nature is not beautiful; nature can be frightening, 

uplifting, indifferent, and many other things, and also beauty 

means different things to different people. I shall take a more 

moderate stand and will elaborate on what in my opinion is 

beautiful in science.  

It would be impossible to talk about beauty in science 

without considering what beauty is, in general. How do we 

reach the conclusion that something is beautiful and then 

verbalise that? Beauty is such a common experience and a 

normal human response that it does not require any 

explanation. The same response is encountered while seeing a 

work of art. Even an old broken small sculpture can be 

considered beautiful. Or, for that matter, a work of decorative 

art produced at home. Beauty, however is not confined only to 

those examples where objects are clearly defined. Abstract 

designs have the capacity to hold the gaze of the viewer and 

evoke varied responses. Relationships, procedures, concepts, 

etc. can be considered beautiful. Beauty is also a function of 

the environment. So, we coming back to the question, what is 

beautiful in science, we make an assertion that the “reasons” 

for calling anything beautiful by a common man are the same 
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ones that would make a scientific concept beautiful to 

scientists. 

The aesthetic experience, while difficult to define, is 

nevertheless easily accessible to everybody. You do not need 

any training to appreciate the beauty. Of course, there are 

societal and cultural influences involved in the aesthetic 

judgement, but even there the experience itself is unreasoned, 

spontaneous and automatic. We do not seem to have a control 

over what we will find as beautiful. The mind craves and seeks 

beauty. It would not be an exaggeration to say that there is a 

biological basis to the aesthetic experience. There are sure to 

be  evolutionary “reasons” for the development of this innate 

response. We are, thus, biologically “programmed” to 

recognise, isolate and appreciate beauty; in nature, in art, in 

science, or for that matter in anything. 

Aesthetics and Science 

There are, at the outset, two kinds of sciences. One may be 

called the public science. This is the science of textbooks, 

classrooms, lecture halls, journals, and other media. This 

science is presented very carefully and logically. It represents 

a well ordered system of thought which tries to be objective 

and factual. This is also the public image of science; 

something extremely intellectual where calculations and 

numbers reign supreme. However, not much emphasis is 

given to the beauty. Sometimes books do mention these aspect 

of science but they keep the objective part always in the front. 

The aesthetic dimensions are hidden.  

The other science is the private science. This is the science 

of laboratories, corridor discussions, guesses, hunches, 

flashes, accidents and discoveries. This is the very process of 

doing science, which is messy and disordered. The scientist, 

away from the public eye, like any other human being, is 

subjective, opinionated and emotional. His personal 

relationship with his data or discovery or method or anything 

else, is irrational and driven by ambition rather than logic. 

And, it is here that the scientist actually acknowledges the 

presence of beauty in his enterprise and sometimes uses the 

aesthetic criteria for making decisions. In private, the aesthetic 

dimension is explicit. In the following, particular instances are 

presented where science and aesthetics meet in varied ways 

and contexts. 

Beauty of the Objects of Study 

It is not uncommon to come across scientists who find the 

objects of their study beautiful. Biologists find structures of 

living systems utterly fascinating. Astronomers will think of 

the pictures of celestial objects almost with reverence. 

Beautiful spatiotemporal patterns are formed in chemical 

reactions. The beauty of molecular structures can send a 

chemist into a deep contemplative silence. While the beauty 

of a snowflake may make a physicist talk non-stop. High 

speed photography reveals very complex and beautiful 

patterns that are not visible otherwise. Mathematicians 

routinely refer to beauty in the mathematical objects and 

concepts. The beauty thus revealed is sometimes manifest as 

regularity and at other times as irregularity. This recognition 

and appreciation of beauty in the object of study is a powerful 

driving force for the scientific investigation. 

Beauty of the Scientific Enquiry Itself 

Scientific enterprise is a human activity and like all such 

activities it carries the signatures of being done by human 

beings. It has dramatic, tragic, comic, grotesque or sublime 

elements. Science is also distinctly characterised by the search 

of the novel (new theory, new result; new idea) and the 

excitement associated with it. It can be safely said that for 

many scientists, the motive force and the stuff of their 

daydreams, is the thrill of discovery. Many great scientists 

have described the heady, kind of spiritual feeling associated 

with discovery. However, discoveries are rather rare. Most 

scientists derive pleasure and satisfaction from day-to-day, 

routine, humdrum research. Solving little problems in the 

laboratory, developing clever little mathematical tricks, and 

such are the sources of happiness for the scientists. There is a 

tension inherent in the development of an idea; a successful 

creation is the resolution of that tension; just like in a piece of 

music. There is, of course a pleasure in the deeper 

understanding of nature and a pleasure in learning. Aesthetic 

drive science at a personal level. 

Order and Hierarchy 

The central aesthetic quality of science is order. Science is 

fundamentally a search for order in the world around us. The 

mind can sense order even in apparently completely chaotic 

situations. Order gives us feelings of security, order makes up 

our comfort zone. Order helps us to survive by observing 

patterns and planning accordingly.  

One important manifestation of order is hierarchy. There 

are hierarchies apparent in the organization of matter from 

subatomic particles through to stellar bodies, and in organic 

form from macromolecules to ecosystems. Hierarchies are 

beautiful examples of the order in the world and their scientific 

classification is the expression of human understanding. One 

of the most remarkable feature of the mind is that if it does not 

see order explicitly, it creates it; teases out patterns, rhythms, 

simplicity, balance, and symmetry from the observations. This 

lies at the heart of scientific practice. 

Pattern and Rhythm: Mind has an extraordinary ability to look 

for patterns and delights in their aesthetic qualities. The ability 

to recognize patterns in the complex data is a desirable trait in 

a scientist. Some patterns are obvious and others are 

discovered only after much analysis. One of the most obvious 

patterns in nature is rhythm, a pattern in time. Our bodies 

themselves have so many rhythmic processes going on that it 

is hardly surprising that we respond to rhythm so intuitively. 

As aesthetic quality, rhythm is also a defining characteristic of 

life. Living things are dynamic and their dynamism is 

rhythmic: from the cell cycle to the life cycle. The life rhythms 

are also deeply connected to the rhythms of the non-living 

world; to the movements of the earth on its axis, and around 

the sun, and the revolution of the moon around the earth, to 

the ever-present waves in sound, electromagnetic radiation, 

crystals, subatomic world, and almost everywhere.  

Balance and Symmetry: Very often, the aesthetic qualities that 

are invoked to describe the beauty of things are harmony (or 

balance) and symmetry. Copernican revolution in astronomy 

emphasised on the harmony displayed by the new system. The 
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very presence of a law brings harmony to the discordant 

phenomena. In the living systems many biochemical 

pathways, often crossing each other, are involved in 

maintaining a fine balance; homeostasis is beautiful. There are 

hundreds of processes going on in a cell. Some are busy in 

converting energy; some are maintaining the physical 

structures; some are engaged in making microtubule pathways 

to transport molecules to proper places; some are simply gate 

keeping, accepting friends and rejecting foes; some are 

making preparations for the impending cell division; all this 

and much more is happening at the same time without any 

apparent control. Thus, along with homeostasis, concurrency 

establishes the harmony; and so, concurrency is beautiful.  

When the balance is perfect it is called symmetry. The laws of 

physics, especially in the theories of particle physics, are 

based on the mathematical symmetry. Though the 

fundamental interactions are described in terms of symmetries 

most of the processes in nature display a tendency to break 

that symmetry, which very often enhances the beauty.  

Simplicity: Confronted with the enormous complexity of the 

world the mind has a tendency to simplify. In fact, science and 

simplification go hand in hand as science is full of 

approximations and abstractions. Measurement is a numerical 

approximation to the real quantity. The complexity of variety 

of motions that we see around us gets simplified in Newton’s 

Laws. The mindboggling complexity of electromagnetic 

phenomena in nature is simplified in Maxwell’s equations. 

Thus an equation in physics approximates the real time 

behaviour of a system. The messy complexity of a living cell 

may get simplified in a diagram. Here shapes are being 

approximated. Models and theories are approximations to the 

real processes. Abstraction, which involves getting rid of the 

superfluous, is a ubiquitous mental activity associated with 

science. Each of these approximations and abstractions have 

aesthetic elements and may be compared with production of a 

painting or a poem. The power of simplicity in science is also 

recognised as the doctrine of Occam’s razor that essentially 

states that simpler solutions are more likely to be correct than 

complex ones.  

It worth reiterating here that science and art represent 

nature in their own ways. A sculpture, approximating and 

abstracting a person, represents that person and it would be 

ridiculous to treat the sculpture as the “real thing” and the real 

person as irrelevant and secondary. In the same way scientific 

theory is a representation of the physical reality and to treat 

the mathematical nuts and bolts of the theory as real objects is 

equally ridiculous. We do see this tendency in some recent 

developments in physics and a reminder of abstraction in art 

will be useful to understand this fallacy. We must distinguish 

between the simplicity of scientific explanation and that of 

nature. 

Complexity and Disorder 

On one hand we have scientific explanations where the 

qualities described above define the aesthetic experience of 

science. On the other hand nature shows complexity and 

disorder as fundamental characteristics of certain systems. 

Natural processes are usually messy and dirty. Also, the 

simple can be very boring, even ridiculous, and mind needs a 

diversion, some sort of a challenge. Mind has features that 

enable it to confront the complexity without trying to simplify 

it or even understand it. It is like enjoying rains without 

bothering about the complex dynamics of individual rain 

drops. So, complexity and disorder can also inspire feelings of 

perplexity, serenity, awe or respect, in short an aesthetic 

response. 

It seems that mind actually likes an interplay of simplicity 

and complexity. If simplicity has its aesthetic appeal, so has 

its opposite. The mind craves for unity and simplicity, but it 

also craves for variety. There is an interplay of the duality of 

symmetry and asymmetry that is both important and attractive. 

Asymmetry and disorder create a tension, a vibrancy that is 

very different from uninteresting and static perfection of 

symmetry and order.  

Sculpting Science 

In the article referred to earlier [1], I had described the 

historical context and development of science-based art in 

detail. The interaction of science and art has been seen starting 

from cave art, to Greek theory of colour, to medieval religious 

art, to development of perspective and chiaroscuro, to 

Galileo’s drawing of the moon, to scientific illustrations, 

wherein science and art have has informed and enriched each 

other. Modern science-based art covers many areas with artists 

using a variety of media to explore different issues and express 

diverse themes. Sometimes scientists, in the course of their 

work, encounter or create pictures accidently that have great 

visual appeal, images that become popular and sometimes 

even iconic in certain cases. These do not constitute “true” art 

as the creative input by the artist is rather small. Some artists 

use or illustrate a scientific principle or technique to create 

something new. Other create thematic works relating to the 

concepts and issues of science and this is the category my own 

work belongs to. 

It would be appropriate to give some background to my 

present activities to show the development of my artistic 

idiom. In the beginning I was experimenting with abstract 

form and was more concerned with the emotional appeal of 

the work. Themes, however, started emerging as the work 

grew and almost unknowingly some scientific content also got 

in. The scientific basis found full expression in my digital 

work which was explicitly connected to science and was 

meant for the scientifically trained or inclined.  

Since 2012, I have shifted from two to three dimensions. 

This change is part of the journey of artistic growth and not 

easy to explain. Probably, what has happened is that two 

strands of my artistic activity, namely the abstract works and 

the science-based works, have got intertwined and 

amalgamated. I make sculptures which embody or begin with 

a scientific idea and at the same time I play with the form in 

such a way that the sculpture should be aesthetically 

meaningful even to the viewer who is not interested in or 

aware of the science part of it. Most of these works are related 

to physics and reflect the fact of my training and bias as a 

physicist. 
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Nuclear Landscape 

This sculpture/installation was my first attempt, and was 

based on the periodic table of isotopes (chart of nuclides). The 

installation is made up of aluminium rods fixed on a base-

plate. The isotopes are arranged according to number of 

neutrons on x-axis and number of protons on the y-axis, 

starting from a proton and a neutron at one corner. Each rod 

represents an isotope; the height of the rod is related to the life 

time of the unstable isotope (the scale is arbitrary). The line of 

stability is represented by the longest rods of silver colour. The 

stability is emphasized by the uniform height of the silver 

rods. The colour of the rod represents the dominant decay 

mode of the isotope. [Red (electron), Pink (double electron), 

Dark Blue (positron), Light Blue (double positron), Brown 

(proton), Yellow (alpha), Green (spontaneous fission), and 

Silver (stable nuclei)] (Figure 1) 

 

Pair Production I 

I have always been captivated by the idea of pair 

production. The process of conversion of light of appropriate 

energy into a particle and an antiparticle has all the elements 

of a mystery. Also, this process of creation lies at the heart of 

all the theoretical framework of the modern standard model, 

namely the quantum field theory. Yet we know very little 

about the mechanisms that underlie this transformation and 

that introduces the element of mystery. A copper wire 

sculpture was made as a direct rendition of the bubble chamber 

photograph. (Figure 2) 

 

Figure 2: Pair Production I (Copper wire, 36  46  21 cms.) 

 

I soon realised that my work was looking more like three 

dimensional diagrams. I wanted to go beyond rendition and 

model making, and so decided to give equal importance to the 

form as was given to the concept. The inspiration to do that 

came from my earlier abstract work where I had played with 

forms.  

Wave Packet 

If you imagine time along the vertical axis then you can see 

a travelling wave packet, which is a bundle of concentrated 

energy moving along a trajectory. The liberties taken with 

form has made it look less like a three dimensional rendering 

of a diagram. (Figure 3) 

 

Figure 3: Wave Packet (Fired Clay, 40  10 cms.) 

Quantum – I and II 

We tend to think of matter as something that fills the space 

and moves in it with time. Geometrodynamic theories, 

however, treat particles not as something separate from space-

time but as particular distortions of space-time itself. Then, 

everything is just space-time, a part of it getting curled up in a 

specific way, thus becoming a particle. The concept was tried 

in three dimensions (Quantum – I). Here the distortion is 

random but there is every reason to suppose that the distortion 

is mathematically tractable. Since we really do not know how, 

there is scope of taking liberties. In another version of the 

sculpture (Quantum – II) the distortion of space-time was 

represented by a simple sine wave. (Figure 4) 

 

Figure 4: Quantum I and II (Unfired Clay, 31  13 & 40   16 cms.) 

 

 

Figure 1: Nuclear Landscape (Aluminium, 200  100  30 cms.) 
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Order–Disorder  

While discussing the aesthetics aspect of science we had 

come across the idea of duality of simplicity and complexity, 

of order and disorder. Here I present both of them in a single 

sculpture and emphasise the point that in nature we find order 

and disorder merging into each other seamlessly. 

Architecturally, in this work, the disorder is supporting the 

order. This is just a matter of preference and makes the 

sculpture more interesting. (Figure 5) 

Evaporation 

Sculptures about science may not be necessarily be of 

conceptual or philosophical nature. Ordinary processes of 

everyday life can also provide the inspiration. The steam 

coming out of the tea cup rises from every part of the exposed 

liquid, nevertheless comes together to form visible wisps. The 

dynamics of such processes is not well understood and this 

makes room for artistic speculation. This sculpture embodies 

my own limited understanding of evaporation. It may turn out 

to be wrong when we finally do understand the process, or it 

may turn out be, at least partially, right. (Figure 6) 

 

Figure 6: Evaporation (Unfired Clay, 36  19 cms.) 

Pair Production II 

I have already mentioned my fascination with pair 

production. We do not know the underlying dynamics of the 

process, but there could be speculations, essentially 

mathematical in nature. To depict the appearance of particle-

antiparticle pair, I have used the concept of the famous half-

turn of the Mobius strip. Just possible that the underlying 

dynamics may involve the Mobius topology. (Figure 7) 

 

Figure 7: Pair Production II (Unfired Clay, 36  10 cms.) 

 

Particles and Waves 

The duality, earlier encountered as order and disorder, 

makes another appearance as wave-particle duality in 

quantum mechanics. In this strange world, particles are waves 

and waves are particles. The concept permeates all of modern 

physics. There is something almost metaphysical about this 

duality. I have tried to bring in the duality by showing particles 

coalescing to make waves, if you scan the sculpture from 

bottom to top. And, waves becoming localised particle, if you 

scan in from top to bottom. (Figure 8) 

 

Figure 8: Particles and Waves (Unfired Clay, 36  16 cms.) 

 

Collapse 

One of the mysteries of quantum mechanics is that the 

process of observation of a quantum state, initially a 

superposition of various eigenstates, reduces it to a single 

eigenstate. This is the famous collapse of a wave-function. 

One explanation, known as quantum de-coherence, treats the 

collapse as something apparent and nonphysical which 

happens when a superposition is formed between the quantum 

system’s states and the environment’s states. Other theoretical 

explanations treat collapse as part of the physical reality and 

 

Figure 5: Order-Disorder (Unfired Clay, 37  14 cms.) 
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seek changes in Schrodinger Equation to achieve the collapse. 

The issue is largely unsettled and the sculpture tries to capture 

the ambiguity by playing on the word collapse. (Figure 9) 

 

Figure 9: Collapse (Unfired Clay, 24  19 cms.) 

 

Interaction 

The interactions among subatomic particles are represented 

by Feynman diagrams. The simplest diagram denotes the 

process of a particle-antiparticle pair of one specie 

annihilating to create a particle-antiparticle pair of same or 

another specie. Though in reality the diagrams are shorthand 

for the mathematical equations and do not represent the 

process physically, they are, nevertheless, very evocative of 

the physical process. This sculpture is an attempt to show that 

interaction and can be viewed as a “W” shaped curve and its 

mirror image “M” fusing into each other to create a shape 

reminiscent of a Feynman diagram. (Figure 10) 

 

Figure 10: Interaction (Unfired Clay, 33  23 cms.) 

 

Self-Reference 

Self-reference is a key concept and an important logical 

device in mathematics and computer science. Self-reference 

may lead to paradoxical statements and is used to prove the 

limitation of a logical system. Gödel's theorem uses self-

reference to show that a formal system of mathematics can 

never contain all possible mathematical truths; that it is 

impossible to find a complete and consistent set of axioms. 

Self-reference is also studied extensively in philosophy and 

linguistics. In art the commonest symbol for self-referencing 

is a snake eating its own tail. This sculpture is a variation on 

that theme. (Figure 11) 

 

Figure 11: Self-Reference (Unfired Clay, 43  20 cms.) 

 

Lightfall 

This sculpture was inspired by a very beautiful experiment 

conducted at Harvard in 1960 by Pound and Rebka that 

measured for the first time the gravitational redshift in the 

laboratory. Also, around the same time, in 1963, artist Bridget 

Riley, unaware of the experiment or its significance, made an 

op-art painting called ‘Fall’ which uncannily captured the 

essence of the experiment. This is a tribute to both. (Figure 12) 

 

Figure 12: Lightfall (Unfired Clay, 39  16 cms.) 

 

Newton's Apple 

The story of an apple falling on Newton’s head and his 

subsequent realisation of the law of gravitation is certainly 

apocryphal. Nevertheless, his great achievement was to create 

a law that explains both, the falling apple and the orbit of the 

moon. This sculpture is re-creation of a digital work that I had 

made earlier and was used as a cover for this magazine [1]. 

The lunar cratered surface and the apple’s shape has been 

merged to make Newton’s Apple. (Figure 13) 
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Figure 13: Newton’s Apple (Unfired Clay, 21   30 cms.) 

Summary and Conclusions 

We have seen that the criteria for claiming beauty in 

science are the same as those for non-scientific objects and 

situations. The aesthetics associated with science is seen 

mostly in the actual practice of science and is a powerful 

source of inspiration for the scientific research. Aesthetics 

may also be working in the decision making processes of 

scientific enquiry, more often unconsciously than consciously. 

This is where the art comes into play. That something is 

beautiful is sufficient reason for its artistic exploration.  

A question may be raised that if this artistic activity is 

necessary, and what it might be contributing to the scientific 

enquiry. The scope for the artistic expression of scientific  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aesthetics may be limited from a purely utilitarian point of 

view. However, seen in a larger perspective of science as a 

socio-historical journey of the human mind, the artistic 

representation of science is a yet another instance of a new 

path taken, an expansion of human consciousness into 

unexplored realms, and a broadening of the scope of an 

ongoing intellectual adventure. There are, of course, various 

aspects to science, many ways of looking at science and, 

therefore, many ways of conducting scientific 

investigations. Artistic interpretation of scientific enquiry is 

yet another way of doing science. 
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News & Events 

IPA Awards 2018 

 

The IPA award 2018 function was held at TIFR, Mumbai on 4th Nov. 2019, where Dr. A.K. Mohanty (President, IPA) and 

Dr. S.M. Yusuf (Vice-president, IPA)  presented the awards to  distinguished  as well as young scientists.

R.D. Birla Memorial Award 2018 

 

Prof. Mustansir Barma (TIFR, Hyderabad) 

Prof. Barma, one of the most distinguished physicists in the 

country, has made pioneering contributions over the past four 

decades to some fundamental problems in Statistical Physics 

and Condensed Matter Physics, focusing on the way 

cooperative effects arise and manifest themselves in 

interacting systems both in and out of equilibrium. 

Specifically, his work on directed transport, aggregation-

fragmentation dynamics, and the identification of new phases 

in non-equilibrium systems has led to a deeper understanding 

of these systems.  

The award is given in recognition of his outstanding 

contributions in the areas of research, mentoring and 

academic policy-making. 

 

Prof. Rohini M. Godbole (IISc, Bangalore) 

Prof. Godbole, one of the most distinguished physicists in the 

country, has made fundamental contributions to the field of 

elementary particles and their interactions, and has a wide 

international reputation. She has also played an important role 

in training researchers in fundamental science and has been 

especially active as a mentor and role model for women in 

science. 

The award is given in recognition of her outstanding 

contributions in the areas of research, mentoring and 

academic policy-making.

Murli M Chugani Memorial Award   

 

Dr. Tessy Thomas (DRDO, Bangalore) 

Dr. Thomas, one of the most distinguished scientists in the 

country, has played a crucial role in development of strategic 

missile systems. She has held multi-dimensional 

responsibilities in DRDO and has contributed significantly to 

guidance, control, inertial navigation, trajectory Simulation 

and mission design. 

The award is given in recognition of her outstanding 

contributions in the nation’s missile programme. 

P. K. Iyengar Memorial Award  

 

Prof. S. A. Rangwala (RRI, Bangalore) 

Prof. Rangwala, one of the promising young experimental 

physicists in India, has developed hybrid traps for study of 

cold dilute gases. He has made significant contributions to the 

understanding of ion-atom collisional cooling process. 

The award is given in recognition of his innovative 

experimental research work in area of interactions between 

cold atoms and ions. 
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Young Scientist awards 

Buti Foundation Award 2018 

 Dr. Joydeep Chakrabortty (IIT, Kanpur) 

The award is given in recognition of outstanding and novel 

contributions in particle physics 

 Dr. Sanjay Kumar Mishra (PRL, Ahmedabad) 

The award is given in recognition of outstanding contributions 

in interdisciplinary plasma physics 

N.S. Satya Murthy Memorial award 

 Dr. Arjun Dey (URSC, Bangalore) 

The award is given in recognition of outstanding contributions 

in study of material properties of functional thin films, 

associated behaviour of solids and structural ceramics.

 

 

 

 

 

 

S. N. Seshadri Memorial Award  

 Dr. Saurabh Mani Tripathi (IIT, Kanpur) 

The award is given in recognition of development of a novel 

fiber-optic based bio-sensor to detect E. Coli bacteria in water 

over a wide temperature range. 

Aswini Kumar Rath Memorial Award  

 Dr. Vivek V. Parkar (BARC, Mumbai) 

The award is given in recognition of outstanding contributions 

to understanding of loosely bound nuclei and incomplete 

fusion reactions at near barrier energies.

 

     

(From left to right) Dr. Sanjay Kumar Mishra, Dr. Arjun Dey and Dr. Vivek V. Parkar) 
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News & Events 

Towards Rectifying the Gender Parity Violation in Physics:  

Report of the IPA National Conference: Pressing for Progress 2019  

 

‘Pressing for Progress 2019: An IPA National Conference 

towards Gender Equity in Physics’(19-21 September), was 

driven by the Gender in Physics Working Group (GIPWG) of 

the IPA, to bridge  disciplinary divides and debate  the long-

standing question as to why there is a persistent gender gap in 

the physics profession in India.   The conference was hosted 

by the School of Physics of the University of Hyderabad 

(UoH) and the TIFR Center for Interdisciplinary Sciences, 

Hyderabad was an organizational partner. Of the 240 

participants, 200 were physicists and 40 were from the social 

sciences, education and other disciplines. All the invitees who 

gave physics talks were women. Over a third of the 

participants were men and about half were from the younger 

generation. About half were faculty and students from Indian 

universities and colleges. At the ice-breaker on the evening 

before the conference, Prof.   Megan Urry, astrophysicist and 

Director of the Yale Center for Astronomy and Astrophysics, 

spoke on What I Love (and Don't) About Physics. She then 

launched 31 Fantastic Adventures in Science, written by 

Nandita Jayaraj and Aashima Dogra - a book for ages 10 and 

up with stories of the questions that fascinate 31 Indian women 

scientists. The UoH Vice-Chancellor stated that this 

conference came at a fortuitous time when the University had 

just been declared an institute of excellence, which required 

gender equity in all sciences and physics in particular; and that 

in the recent years, many deans of schools in the University 

have been women. 

At the formal inaugural of the conference, Prof. Bindu 

Bambah, chair of the local organizing committee, welcomed 

the gathering.  She is one of the first practicing Indian 

physicists to collaborate with social scientists in investigating 

the gender gap question. She emphasized that compromising 

on gender diversity is severely limiting excellence in physics, 

and  that women intellectuals in India have been “pressing for 

progress” since ancient times as encapsulated by the dialogue 

between Gargi and Yajnavalkya. She urged the younger 

generation to  “unleash the Gargi” in them.  

The conference was inaugurated by the Vice-President of IPA, 

Dr. S.M. Yusuf, physicist from BARC, who lauded the efforts 

of the GIPWG towards promoting gender equity in physics. 

Presiding over the inaugural function, the Pro Vice-

Chancellor traced the early beginnings that the university had 

made in this regard by launching the school of women studies 

that had several natural scientists including Professor Bindu 

Bambah as founders. Prof. Vandana Nanal, Secretary of the 

IPA, described the genesis of the working group, and its early 

activities including the all-women authored Indian science 

publications, that had culminated in the present conference. 

Prof. Ram Ramaswamy, former Vice-Chancellor of UoH, 

recalled how the publishing of the book “Lilavati’s 

Daughters” was a watershed moment because it gave Indian 

women a set of role models to emulate.  Prof. Ashutosh 

Sharma, Secretary, Department of Science and Technology 

participated via internet video link, and urged the participants 

to come up with actionable recommendations. 

 

S.M. Yusuf (Vice-President, IPA) giving the inaugural address 

at the conference. Seated (left to right)- Vandana Nanal 

(Secretary, IPA), Ram Ramaswamy (former V-C, UoH), 

B. Raja Shekhar (Pro V-C, UoH), Prajval Shastri (Chair, 

GIPWG) and Bindu Bambah (Chair, LOC). Ashutosh Sharma 

(Secretary,DST) participated via internet video link (in 

background).  

Prof. Prajval Shastri, Chair- GIPWG, pointed out that the 

fraction of women among physics PhDs employed in higher 

education in India is about 20%, which is already skewed.  But 

the fraction in elite institutions, leadership positions and 

honour lists, and even in the authorship of physics articles in 

Physics News, plummets much further. Moreover, the gender 

gap in physics is among the largest in any scientific discipline, 

which points to physics being a flawed meritocracy, highly 

gendered in its practice, despite professing to be an objective 

science. Which was why this conference was needed.  

Prof. K. Vijayraghavan, the Principal Scientific Adviser, gave 

the inaugural keynote address via internet video link. He 

commended the conference as timely because it was important 

to move beyond the common but erroneous explanations for 

the gender gap in scientific leadership, viz., the innate-

biological and entrenched socio-cultural conventions, and 

instead harness the flexibility of science and use structural and 

economic interventions to mitigate the gap. 

A special feature of the inaugural session was the felicitation 

of Prof. Bimla Buti, a distinguished plasma physicist, mentor 
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extraordinaire and inspiration to scores of physicists- women 

and men alike (see accompanying piece).  

The conference had three keynote physics talks. The first, on 

quantum information was by Prof. Aditi De (HRI, Allahabad), 

the first woman Shanti Swarup Bhatnagar awardee in physics 

in 60 years. Other two talks were given by  Prof. Megan Urry, 

an astrophysicist from Yale University, on the evolution of the 

central black holes of galaxies and by Prof. Shikha Varma, a 

condensed matter physicist from the Institute of Physics, 

Bhubaneshwar, on DNA as a nano-sensor.    

 

Aditi De (HRI), the first woman Bhatnagar awardee in 

physics, giving the first keynote talk at the conference titled 

‘Technologies in a Quantum World’. 

A panel consisting of both mid-career and senior physicists, 

and those in leadership roles, discussed the question ‘The 

Gender Gap in Physics: Whose Problem Is It?’ Anchor 

Pratibha Jolly brought to the fore the importance of physicists 

across the profession, i.e., research scientists to high school 

teachers, engaging together by crossing hierarchical barriers, 

in order to improve the profession. Arguments for rigorous 

sensitization programmes for the leaders of institutions as well 

as extensive training of scientists in sexual harassment 

procedures were made. That mitigating the gender gap 

requires everyone to take responsibility was acknowledged 

strongly, including the argument that all members of the 

profession need to see the intermingling of work and life of 

individual colleagues as a collective concern; that the toxic 

masculinity that significantly pervades the physics culture 

must go, and physics must be made to be seen as a welcoming 

discipline and not a place only for geniuses.  

About thirty women physicists from all over the country 

presented talks on their research in four parallel sessions 

ranging from planetary physics to biophysics. A large and 

wide range of talent was apparent, although this is only a sliver 

of what is available country-wide. 

For the first time, physicists, educationists, social scientists 

and diversity experts shared a common space to deliberate in 

a plenary session on Different Angles on Promoting Gender 

Equity. The session had talks by both physicists and social 

scientists. Prof. Preeti Kharb presented an overview of the 

working group for gender equity of the Astronomical Society 

of India. Prof. Raghavan Rangarajan advocated concrete 

changes in hiring policies, Prof. Kirti Joshi spoke about early 

seeding among boys of the idea that girls are not competent in 

science, and Dr. Deepa Chari outlined a framework for 

physics identity. Prof. Sugra Chunawala discussed gendering 

of the classroom, Prof. Chayanika Shah spoke about the role 

of the politics of gender in physics, and Prof. Gita Chadha 

about the construction of the idea of scientific genius and its 

possible role in worsening gender inequity. In her keynote 

talk, Prof. Rosalind Dubs from the Australian Academy of 

Engineering and Technology described the lessons from the 

interventional policies in Australia. 

The posters displayed through the conference on physics as 

well as mitigating gender equity, by participants of all 

genders, and which were presented as poster-sparklers in the 

relevant sessions, were considered for a competition by two 

poster juries (of physicists and sociologists, respectively) and 

awarded prizes for the best posters in each category.  

An innovative component of the conference was the 

opportunity to participate in interactive, immersive, process-

based workshops to understand gender inequity, in which 

about 90 participants took part each day. The experimental 

workshops, each of 3-hour duration, were designed to build 

our capacities to understand bias, stereotyping, agency and 

sexual harassment dynamics, and foster leadership in both the 

personal and professional spheres of our lives. Since the 

capacity of each workshop was limited, they were held in 

parallel on all 3 days to maximize participation. There were 

parallel film screenings each day related to the conference 

theme, viz., Hidden Figures, Agora and Marie Curie. 

The conference concluded with a plenary session that 

deliberated on recommendations for the profession to mitigate 

gender inequity, led by Prof. Srubabati Goswami, conference 

Co-Chair. Several recommendations emerged from the panel 

discussion, the workshops and comments through the 

conference and the highlights are: 

• Work-life balance policies including “mobility schemes” 

should be gender neutral  

• Hiring should be based purely on academic merit, with 

criteria formulated before the process/advertisement 

• Specifically, the age-bar for hiring should be removed  

• Status/position/background of life-partner should not be 

a criterion in hiring 

• Likelihood of joining should not be a criterion in 

selection 

• Gender sensitization training should be mandatory, 

especially for senior management including  directors 

and deans 

• Current and potential members of sexual harassment 

ICCs should undergo appropriate training  

• Self-declaration of sexual harassment indictments should  

be mandatory for staff applications and national science 

academy fellows 

• Institutions should involve diversity officers as observers 

on selection, hiring and promotion committees, editorial 

boards and funding agency committees etc.  
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• A course by sociologists on the impact of social 

processes in the practice of science should be part of the 

graduate physics curriculum 

 

The panel discussion ‘The Gender Gap in Physics: Whose 

Problem is It?’ Panel members (Left to right): Satyavani 

Vemparala (IMSc), Sumathi Rao (HRI), Ram Ramaswamy 

(IIT-Delhi), Anju Bhasin (V-C, Jammu Cluster University), 

Ajit Srivastava (IoP), Pratibha Jolly (panel anchor), Rajesh 

Gopakumar (Director, ICTS-TIFR).  

Other previous and long-standing recommendations were 

strongly reiterated: 

• Mandatory gender audit of staff to be published on the 

organizational webpage 

• Concerted effort to gender-balance role models in 

physics text books and educational multi-media material  

• Mentoring mechanisms for young faculty to be made 

available  

• Child-care facilities to be mandatory in institutions as 

well as conferences 

• Action-taken report in sexual harassment cases should be 

mandatory 

• Funding for conferences should follow IUPAP guidelines 

The inter-disciplinary conference was primarily supported by 

the Department of Science and Technology, Government of 

India, with additional funding from the American Physical 

Society, Science in Australia Gender Equity (SAGE), Harish 

Chandra Research Institute, the Institute of Mathematical 

Sciences, Microsoft, Fujitsu Pvt. Ltd and Horizon, Pvt. Ltd, 

Hyderabad. 

Prajval Shastri, Srubabati Goswami, Bindu Bambah, 

Vandana Nanal 

Contact GIPWG : gipwgipa@gmail.com

----------------------------------------------------------------------------------------------------------------------------- -------------------------- 
 

Felicitation of Prof. Bimla Buti  

 
 

Prof. Bimla Buti,  has been a physicist of eminence, has made 

significant contributions in field of  Plasma Physics.    She was 

the first woman physicist, who became a fellow of INSA and 

TWAS. She has played an important role in training and 

mentoring young researchers. She  has been a role model for 

many and particularly for women. 

For her very distinguished career,  Prof. Buti  was felicitated 

in recognition of her contribution to the Science in general and 

the gender question in particular.  She recounted her 86 years 

of struggle to be accepted as a physicist and attributed it to her 

mentors S. Chandrasekhar and Vikram Sarabhai.  
 

 

 

mailto:gipwgipa@gmail.com
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News & Events 

A Report on Vigyan Samagam: India’s first global, Mega Science Exhibition  

 

Bringing the world’s major Mega-Science projects together, 

India’s first-ever, global Mega-Science Exhibition, ‘Vigyan 

Samagam’, was inaugurated at the Nehru Science Centre, 

Worli, Mumbai on 8th May 2019 by Dr. Vijay Kumar 

Saraswat, India’s renowned Defence scientist and Member, 

NITI Aayog. 

The three organisers – Department of Atomic Energy (DAE), 

Department of Science and Technology (DST) and National 

Council of Science Museums (NCSM) - have planned this  

Mega-Science Exhibition of global stature in a unique way 

and with distinct objectives. The exhibition will bring several 

global, collaborative Mega-Science projects under one roof 

for the first time in the world and is expected to ignite the 

minds of students, academia and industry to look for 

opportunities.  In addition, these projects will help our 

scientists to work and contribute to international 

collaborations on fundamental science and research.    The 

exhibition also aims to connect with school children, students 

and aspirants who want to pursue fundamental science and 

research as a strong career option.  Such a cross-section of 

audience is expected to generate a greater interaction between 

all stakeholders, resulting in cross-fertilisation of ideas. 

 

The exhibition showcases seven mega-science projects at the 

frontiers of science and technology, in which India is 

participating: CERN (European Organization for Nuclear 

Research), FAIR (Facility for Antiproton and Ion Research), 

INO (India-based Neutrino Observatory), ITER (International 

Thermonuclear Experimental Reactor), LIGO (Laser 

Interferometer Gravitational-Wave), SKA (Square Kilometre 

Array), TMT (Thirty Meter Telescope).  
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A first-of-its-kind, Vigyan Samagam is being hosted in a 

caravan mode at four major Indian cities as per the following 

schedule: Nehru Science Centre (Mumbai): 8th May to 7th   

July, 2019, Visvesvaraya Industrial & Technological Museum 

(Bengaluru): 29th  July to 28th  September, 2019, Science City 

(Kolkata): 4th  November to 31st  December, 2019 and 

National Science Centre (Delhi): 21st  January to 20th  March, 

2020. Thereafter, it will remain as a permanent exhibition in 

New Delhi, and will be taken care of by NCSM. 

One of the major highlights of this exhibition is a massive 

pavilion comprising dozens of high-quality informative 

panels, working models of detectors and interactive consoles 

of each of the participating projects, which are ably 

demonstrated on daily-basis by the student volunteers. 

Besides the inaugural event – “Scientre Stage”, at each of the 

venues, a week-long programme of popular level lectures, 

demonstrations and quizzes per project are also being   

arranged.   

A variety of outreach events are also being arranged in the 

school campuses to create awareness about the Mega-Science 

projects and also to encourage them to actively participate in 

this year-long initiative in their cities. The exhibition has been 

received very well, with more than a lakh of foot-falls at 

respective venues so far.  

For more information, visit Vigyan Samagam website 

https://www.vigyansamagam.in 

Suhas Naik-Satam (Nehru Planetarium, Mumbai)  

suhasnasa@gmail.com 

 & B. Satyanarayana (TIFR, Mumbai) 

 bsn@tifr.res.in 

(Courtsey: Banner Photograph from vigyan samagam website )  

Book Review 

Emergence of modern Science in colonial India  

 A collection of papers presented at the 

conference Emergence of Modern 

Science in Colonial India held at the 

Indian National Science Academy 

(INSA), New Delhi, during 14 – 16 

March, 2018 has been published in a 

special edition of the Indian Journal of 

History of Science, 53.4 (2018).  

Although the practice of Science 

flourished in ancient India with remarkable contributions to 

Mathematics and Medicine, the practice of modern science did 

not indigenously grow in India. It was the contact with the 

British colonial rulers, who introduced the practice of modern 

science in the country. The papers included in this edition 

cover the practice of science in three phases viz., Pre- Colonial 

Phase: 1601-1757, early Colonial Phase: 1757-1900, and late 

Colonial Phase: 1900-1947 with vigorous participation by 

Indians.   

There is only one paper on the pre-colonial phase, where it is 

shown that a few elites had the knowledge of the development 

of modern science in Europe, but remained passive observers 

and not active participants.  

In the early colonial phase, the British rulers needed 

geological, botanical, zoological and meteorological surveys 

of their empire, as well as an understanding of tropical 

diseases for their own interests. Initially the work was carried 

on by the Europeans and Indians were only trained to assist 

them. Several of the papers deal with the introduction of 

modern practices in almost all fields of science including 

forensics and psychology. At the turn of the twentieth century 

the British policy of higher education in science and 

technology for Indians changed and that accelerated the spread 

of modern science in India. 

A large number of papers deal with the late colonial phase, in 

which the emergence of pioneering Indian scientists and 

technologists took place and the practice of modern science 

became firmly established in India. The reader will find these 

papers very interesting, specially how the indigenous efforts 

grew out of the clash of interests of the colonial powers and 

the native Indians. Evolution of almost all the pioneers of 

modern Indian science have been dealt with in these papers. 

This is an important compilation of papers for any serious 

student of history of science in India. The reader would get a 

comprehensive picture of the emergence of modern science in 

colonial India. However, one thing that is missing from this 

compilation is an analysis of why this emergence resulted in 

producing individual stalwarts of science but not many 

schools of sciences as was the case in Europe and USA. Also 

missing is the topic of the role of the world wars in shaping 

the growth of science and especially technology in India, 

which continued after independence. 

Amit Roy 

amitroy1948@gmail.com

 

https://www.vigyansamagam.in/
mailto:suhasnasa@gmail.com
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Obituaries 

Prof. S.P. Pandya  

(1928-2019) 

 

Professor S.P. Pandya, a distinguished theoretical nuclear 

physicist, known to his close associates as Sudhirbhai, passed 

away on June 30, 2019. Prof. Pandya obtained his B.Sc. from 

Bombay University (1948), M.Sc. from Delhi University 

(1950), and Ph.D. in 1957 from University of Rochester, New 

York (USA) under the guidance of Dr. J.B. French. After 

returning to India he joined the Physical Research Laboratory 

(PRL), Ahmedabad.   

His major contributions in the nuclear shell model studies are 

the relationship between particle-hole and particle-particle 

interactions (a single page paper in Physical Review in 1956), 

and the mathematical technique of calculation of two-particle 

interaction energies (based upon A.N. Mitra--S.P. Pandya 

transformation brackets), and the deformed Nuclear Shell 

Model. These research works paved the way for nuclear 

structure calculations worldwide. 

Prof. Pandya was the first theoretical physicist to join PRL, 

where he built up a large group spanning different subareas of 

physics. He served as a Director of PRL during 1983-87. 

Prof. Pandya was awarded the Vikram Sarabhai Award by the 

Gujarat Government. He was Founder Fellow Gujarat Science 

Academy, Fellow of the Indian Academy of Sciences, 

Bangalore and Indian National Science Academy.  He was the 

elected President of IPA (1973-75) and Indian Association of 

Physics Teachers.  

Sudhirbhai enjoyed doing science, was a passionate teacher 

and actively participated in programmes of science education 

and science popularization in Gujarat. His students and 

associates remember him as a caring, pleasant person to work 

with. In his demise, not only has the community lost an 

eminent scientist but the IPA has also lost a patron. 

(With contributions from PRL colleagues and 

Prof. Y.R. Waghmare) 

  

 

Prof. Abhijit Mookerjee 

(1946-2019) 

 

Professor Abhijit Mookerjee, a leading condensed matter 

theorist, passed away on 18 July 2019. He obtained his B.Sc. 

from Presidency College, Calcutta, B.Sc. (special) from 

Imperial College, London, and Ph. D. from the University of 

Cambridge under the guidance of Prof. Brian Josephson.  In 

1974, Prof. Mookerjee joined the University of Roorkee and 

soon afterwards moved to the Department of Physics, IIT 

Kanpur where he had a distinguished career from 1975 to 

1990. Thereafter he moved to the then newly established 

S.N. Bose National Centre for Basic Sciences (SNBNCBS), 

Kolkata, from where he retired in 2011 as an Emeritus 

Professor.   

His main area of work was in the theoretical calculations of 

electronic structures of materials. He proposed a 

sophisticated method for the computation of electronic 

structures of disordered materials.  His group contributed to 

techniques for computation of electronic structures of 

disordered materials and the physics of spin-glass 

transitions.  He developed a research group and collaborated 

with many Indian scientists. 

Prof. Mookerjee was a much-loved teacher and a mentor to 

more than 40 Ph.D. students. He also played a major 

administrative role at SNBNCBS. Apart from physics 

interest, he directed and acted in several plays in English, 

Hindi and Bengali, and played the violin.  

His enthusiasm for science and life will missed by all who 

knew him.  

Prof. B. V. Sreekantan, a distinguished physicist, former director of TIFR and one of the patrons of IPA, passed away 

on Oct. 27,  2019. A detailed write up highlighting his contributions will be brought out in the next issue of Physics News. 
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The elements of marketing: Titanium credit cards, iridium 

satellite phones, chromium browsers, and gallium villas  

Arnab Bhattacharya 

Department of Condensed Matter Physics and Materials Science,  

Tata Institute of Fundamental Research, Mumbai, India 

E-mail: arnab@tifr.res.in  

 

 

In this International Year of the Periodic Table, I can’t help 

musing on how the names of various chemical elements 

appear all around us, and are often (mis)used in entertaining 

and hilarious ways. For a long time prestige was associated 

with elements like gold and silver – from sporting medals to 

preferred customer status at hotels, airline lounges and credit 

cards. Well, there’s always been diamond (carbon for the 

chemist) and of course platinum, all no doubt very precious 

and lending a certain aspirational quality to the products they 

were associated with. But now all that is passé – in an effort 

to appear exclusive and perhaps add a touch of enigma, the 

marketing and advertising gurus seem to be exploring the rest 

of the periodic table as well. So the High Street Phoenix 

shopping complex in Mumbai now has the palladium mall, 

telemarketers now offer me an upgrade to a titanium credit 

card, the Need For Speed racing game has a carbon version, 

and you can get gigabit copper servers. None of that bothers 

me very much – after all palladium is a precious metal, 

titanium is strong and light, and copper has some connotation 

of wiring and connectivity that you’d expect for a server.  

Chromium for a computer operating system might well 

signify a shiny makeover, so that seems fine too. Iridium for 

the global satellite communication system was always sort of 

a little ironical. On one hand I was quite pleased that someone 

chose a name based on the atomic number of an element – to 

match the 77 satellites that were to be launched. But then the 

company went bankrupt and even after it was resurrected they 

finally launched only 66 – which doesn’t match iridium 

anymore! Unfortunately element number 66, dysprosium, to 

use a chocolate analogy, just doesn’t have the right mouth-feel 

for a phone service provider!  

 

 

 

 

 

 

 

 

 

Anyway, I’m slowly getting inured to the random use of 

elements for advertising.  Couldn’t be a better proof, 

especially in this International Year of the Periodic Table, that 

the icon of science that hangs stolidly on school laboratory 

walls has made its way into the everyday world. Over the past 

few weeks, however, I see a real-estate company issuing full 

colour cover page advertisements in many newspapers 

advertising upmarket ultra-modern residences. Their ad reads 

“… an exclusive enclave of 23 villas with three design 

variations named Platinum, Titanium and Gallium while 

gently merging in the den of nature….”   

Hang on! Gallium did you say?  

Now that’s an element of surprise! Oops… Someone didn’t 

do their basic chemistry homework I guess. Gallium is of 

course a very important metal for the 21st century, critical to 

many new semiconducting materials that enable an amazing 

range of devices that power LED lights, cell phones, etc. The 

price of gallium has increased substantially over the last 

decade and it is perhaps indeed a valuable element today.  

However with a melting point of just about 30oC, gallium is a 

soft metal that would melt if you held it in your hand – hardly 

something to associate with a sturdy solid construction of a 

house! Further, gallium is one of the few seemingly innocuous 

metals that (at least till recently) wasn’t allowed to be taken 

on an aircraft, as it can actually attack aluminium and corrode 

it quite dramatically. So much for advertising!  

Right now I’m seeing an ad for a Karbonn titanium phone 

– almost sounds like a new alloy.  I guess I shouldn’t complain 

– at least it brings a little bit more science into everyday life....  

 



Remembering Sarabhai
Some glimpses from the Physics News commemorative issue of March 1972
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Kamla Chowdhry, IIM-A
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R.P. Kane, PRL



Online preproof version


