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he main aim of the Laboratory is to strengthen 
and advance physics-based research and 
development for the overall development of 
science and technology in the country. In particular, 
its objectives are:

MANDATE

To establish, maintain and improve continuously by 
research, for the benefit of the nation, the National 
Standards of Measurements and to realize the Units 
based on the International System 

To identify and conduct, after due consideration, 
research in areas of physics which are most appropriate 
to the needs of the nation and for advancement of the 
field

To assist industries, national and other agencies in 
their development tasks by precision measurements, 
calibration, development of devices, processes and 
other allied problems related to physics
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feel pr�v�leged and honoured �n wr�t�ng th�s foreword for th�s volume, wh�ch has been 

brought out to commemorate the D�amond Jub�lee Celebrat�ons of the Nat�onal Phys�cal 

Laboratory. S�xty years �n the l�fe of an �nst�tut�on �s an �mportant occas�on and �t always 

holds a spec�al mean�ng and s�gn�f�cance. I deem �t my honour and pr�v�lege that the 

opportun�ty to celebrate the D�amond Jub�lee of th�s prest�g�ous laboratory has fallen dur�ng my 

tenure as �ts D�rector. I feel grat�f�ed when I recollect that �ts past �s assoc�ated w�th S�r Shant� 

Swarup Bhatangar and Dr. K.S. Kr�shnan, the revered sc�ent�sts of th�s country and also the great 

v�s�onar�es who conceptual�zed and nurtured th�s laboratory �n �ts �nfancy.  

R�s�ng above the emot�ve feel�ngs, when I look back �nto the past and try to capture the long journey 

of the Laboratory dur�ng the last 60 years, I see a p�cture of var�ous phases of �ts growth and 

development. I adm�re �ts gl�tter�ng start and �ts steady r�se to predom�nant �nst�tut�on of nat�onal 

�mportance on metrology and standards. I value �ts global emergence alongs�de �n the f�elds of 

advanced mater�als, rad�o commun�cat�on and atmospher�c sc�ence. It has been a remarkable 

journey for the Laboratory w�th several ach�evements to �ts cred�t.

The NPL was �naugurated �n a gl�tter�ng ceremony w�th the who’s who of the country �n attendance, 

�nclud�ng the then Governor General, the Pr�me M�n�ster and several d�st�ngu�shed sc�ent�sts and 

d�gn�tar�es. Pand�t Nehru, dur�ng h�s address wh�le �naugurat�ng the Laboratory, had expressed h�s 

w�sh to be �ts D�rector. The speeches del�vered by d�gn�tar�es on th�s occas�on (see Append�x for 

the texts) and the euphor�a that the �naugural ceremony generated must have been d�st�nct�vely 

spec�al and extraord�nary. In the n�neteen-f�ft�es, state guests com�ng to Delh� �nvar�ably made the 

NPL one of the�r dest�nat�ons to v�s�t. It cont�nues to be frequented by well-known sc�ent�sts and 

Nobel Laureates �n sc�ence for �nteract�on w�th �ts sc�ent�sts. 

Over the years, the Laboratory has more than real�zed the hopes and expectat�ons expressed 

by �ts found�ng fathers by not only fulf�ll�ng �ts pr�mary mandate as the keeper of measurement 

standards, but also by substant�ally expand�ng �ts research act�v�t�es �n areas of �mportance to 

Ind�a and �ts �ndustr�al�zat�on. A publ�c sector undertak�ng, namely the Central Electron�cs L�m�ted, 

�s actually a sp�n-off of R&D at the NPL. The Nat�onal Accred�tat�on Board for Laborator�es also 

has �ts or�g�n here. Recently the Laboratory has fulf�lled the requ�rements for Mutual Recogn�t�on 

Agreement of the Internat�onal Comm�ttee for We�ghts and Measures (CIPM) so that the cal�brat�on 

cert�f�cates �ssued by us are now recogn�zed across the globe. A var�ety of products have been 

developed at the NPL and several technolog�es have been transferred to �ndustr�es, �nclud�ng the 

�ndel�ble �nk used �n all nat�onal elect�ons. The Independence S�lver Jub�lee t�me capsule, dug up 

from Red Fort was cut open at the NPL. An �nd�genous photocopy�ng mach�ne was developed 

here, at the t�me when such mach�nes were just be�ng �ntroduced around the globe. The pursu�t 

of rad�o sc�ence related research at the NPL has played an �mportant role �n the development 

I
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of commun�cat�on systems for the Ind�an Space Research Organ�zat�on, the Ind�an Navy, the 

Ra�lways, the Pol�ce and the All Ind�a Rad�o. The NPL-led sc�ent�f�c efforts to determ�ne methane 

em�ss�on from the paddy f�elds of the country played a def�n�t�ve role �n the Ind�an stand at the 

UN Framework Convent�on on Cl�mate Change. The Laboratory has gu�ded the preparat�on of 

the Nat�onal Inventory of the sources and s�nks of greenhouse gases for commun�cat�on to the 

UNFCCC by the Government of Ind�a. These are just a few of the ach�evements of th�s Laboratory 

over the last 60 years. Th�s and many others have been unfolded �n th�s volume. I hope, the 

h�stor�cal descr�pt�on of the growth and development of the Laboratory descr�bed �n th�s volume 

would be of great �nterest to all. 

D�amond Jub�lee �s not only an occas�on to reflect on our past but �t �s also an �mportant m�lestone 

�n the l�fe of an �nst�tut�on to look ahead and contemplate about �ts future. The Laboratory today 

faces new challenges about �ts surv�val, v�tal�ty and �mpact. W�th several mult�nat�onal compan�es 

sett�ng up research centres �n Ind�a, attract�ng and reta�n�ng young talent �n the com�ng years 

would be a challenge.  State fund�ng to the Laboratory would not rema�n comm�tted for long. 

In the emerg�ng global economy, where �mport subst�tut�on �s no longer the buzzword and all 

research has to be judged �n the �nternat�onal context, the threats to the Laboratory’s surv�val and 

the opportun�t�es to make sc�ent�f�c �mpact are global. The Laboratory w�ll have to r�se to br�ng 

�n new �nst�tut�onal order to face emerg�ng threats and capture new opportun�t�es. Creat�v�ty and 

�nnovat�on should be the ma�n dr�ver of change.  The Laboratory w�ll have to mount targeted 

programmes for develop�ng technolog�es of global �mportance �n order to rema�n relevant. 

For self-sustenance, �t w�ll have to synerg�ze w�th partners nat�onally and globally and relate 

�ts research programmes for the benef�t of the soc�ety, �ndustry and the strateg�c needs of the 

country. For th�s, �t would requ�re state-of-the-art equ�pment, fac�l�t�es and modern phys�cal, 

techn�cal and comput�ng �nfrastructure. The rules and procedures would also have to change 

to allow the Laboratory to compete �n the new and chang�ng c�rcumstances. I am glad that th�s 

volume reflects on these matters and sets thereby the agenda for the future of the Laboratory. 

Th�s document �s a product of a great deal of effort of a large number of persons. Many of our 

sen�or colleagues who were present at the Inaugurat�on of the Laboratory are st�ll w�th us to bless 

our efforts. My predecessor-D�rectors have been generous w�th the�r �nputs and cooperat�on. 

I w�sh to part�cularly thank Dr. An�l K. Gupta who has put �n unt�r�ng efforts �n coord�nat�ng the 

preparat�on of th�s document. I am grateful to all the sc�ent�sts from our laboratory, too numerous 

to ment�on by name here, who have not only taken keen �nterest but also prov�ded full support and 

enthus�ast�cally g�ven the�r valuable �nputs. The�r susta�ned part�c�pat�on and zeal �n br�ng�ng out 

th�s volume has been a cont�nuous source of �nsp�rat�on to the team. 

  

Dr. Vikram Kumar,

D�rector, 

The Nat�onal Phys�cal Laboratory. Apr�l 1�, 2007
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he Nat�onal Phys�cal Laboratory has completed s�xty years of �ts �ncept�on �n 2007. 

On th�s �mportant and h�stor�c juncture �n the l�fe of the Laboratory, �t �s appropr�ate 

that we cr�t�cally �ntrospect on our past performance and look ahead for a stronger 

future. It �s also the r�ght t�me to document the h�story of the Laboratory for the benef�t 

of future generat�ons. I am �ndeed del�ghted to present the D�amond Jub�lee document as part of 

the ongo�ng D�amond Jub�lee Celebrat�ons of the Laboratory.

The Volume compr�ses n�ne chapters. The f�rst chapter descr�bes the rat�onale and genes�s of the 

Laboratory, �ts focus of research dur�ng the early per�od, �n the recent past and dur�ng the m�d 

per�od, �ts emergence as a centre of research �n measurement standards, mater�als and rad�o and 

atmospher�c sc�ences. The second chapter �s about the v�s�onar�es of the Laboratory -- S�r Shant� 

Swarup Bhatnagar and Dr K.S. Kr�shnan -- captur�ng �n br�ef the�r landmark role �n establ�sh�ng 

the Laboratory and ra�s�ng �ts status as an �nst�tut�on of nat�onal and �nternat�onal �mportance. 

The th�rd, the fourth and the f�fth chapters are on nat�onal standards of phys�cal measurements, 

mater�als research and development and rad�o and atmospher�c sc�ences respect�vely. These 

chapters try to capture act�v�t�es and programmes of the Laboratory �n these broad areas of 

research, changes �n the focus of research that took place dur�ng the last s�xty years, the research 

output and outcomes and the�r strateg�c, soc�etal and nat�onal �mpact. The s�xth chapter descr�bes 

the techn�cal �nfrastructure fac�l�t�es, such as the l�brary, the computer fac�l�ty and the workshop, 

and the role that they have played �n support�ng the research programmes of the Laboratory. 

The seventh chapter �s on the NPL footpr�nts, descr�b�ng such �mportant technolog�es that have 

come to make last�ng �mpact on the nat�on. The e�ghth chapter outl�nes the future v�s�on of the 

Laboratory, a�m�ng to pos�t�on �t as one of the top research �nst�tut�ons �n the country �n terms 

of qual�ty of research papers, resource generat�on, �mpact on the knowledge-based economy 

and self-sustenance. The n�nth chapter �ncludes performance �nd�cators of the Laboratory, such 

as manpower strength, research papers publ�shed �n SCI journals, patents taken, technolog�es 

developed and honours & awards rece�ved.

Th�s volume �s an attempt to encapsulate �mportant events, act�v�t�es and programmes of the 

past era of the Laboratory, spann�ng the last s�xty years, �n about 2�0 pages. It was �ndeed a 

challeng�ng and exc�t�ng task s�nce �nformat�on needed for comp�l�ng the volume was not read�ly 

ava�lable. Much of the mater�al that has gone �nto th�s document has been culled out from the 

Laboratory arch�ves. It �s also based on valuable �nputs we rece�ved from former and present 

colleagues. W�thout the�r unst�nted support, �t would not been poss�ble to comp�le th�s publ�cat�on 
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�n a record t�me. I am �ndeed �ndebted to them for the�r great team sp�r�t. I would l�ke to thank Dr 

S.K. Josh�, the Cha�rman, Adv�sory Comm�ttee, D�amond Jub�lee Volume and all the members of 

th�s Comm�ttee for the�r valuable adv�ce and gu�dance.

Dr V�kram Kumar, D�rector, NPL, not only mooted the �dea of br�ng�ng out th�s D�amond Jub�lee 

Volume for �ts un�que �mportance and value for poster�ty but also cont�nued to play a pro-act�ve 

role �n �ts plann�ng and f�nal�zat�on. I am extremely grateful to h�m for h�s fores�ght and pa�nstak�ng 

efforts towards the complet�on of th�s volume.

I would also l�ke to thank our revered past d�rectors, Dr. A. R. Verma, Dr A. P. M�tra, Dr. S. K. 

Josh�, Dr. E. S. R. Gopal, Dr. A. K. Raychaudhur� and Dr. Kr�shan Lal for the�r �nvaluable �nputs 

and construct�ve suggest�ons from t�me to t�me. I would l�ke to place on record my s�ncere thanks 

to our ret�red colleagues, espec�ally Dr. V. N. B�ndal, Dr. P. C. Ja�n, Dr. Ashok Kumar Gupta, Dr. 

K. K. Mahajan and Dr. S. M. Dhawan, for ass�st�ng �n prepar�ng the wr�te-ups for th�s volume. In 

part�cular, I am �ndebted to Dr Dhawan for h�s spec�al contr�but�ons �n the run up to the publ�cat�on. 

H�s ass�stance �n d�fferent forms, �n part�cular �n locat�ng the var�ous source mater�al and comp�l�ng 

the �nformat�on as well �n mak�ng suggest�ons from t�me to t�me, has been of great value and help 

�n the complet�on of the document.  

All the present Heads of D�v�s�ons, Dr. P. C. Kothar�, Dr. R. P. S�nghal, Dr. S. N. S�ngh, Dr. Har� 

K�shan, Dr. S. K. Gupta and Dr. M. K. T�war� and other sect�onal heads and the�r colleagues deserve 

a spec�al word of thanks for the�r cooperat�on �n the preparat�on of the wr�te-ups on the�r respect�ve 

d�v�s�ons and for the�r extra efforts �n rev�s�ng the text �n keep�ng w�th the style and format of the 

publ�cat�on. I would also l�ke to place on record my spec�al thanks to all the persons from d�fferent 

support groups �nclud�ng Mr. R. C. Dhawan (former Head of Photography), Mr. Subash Chandra 

and the�r colleagues for the�r t�mely help �n collect�ng rare arch�val photographs. My thanks are 

also due to Dr. R. K. Aggarwal, Mr. R. B. Saxena, Mr. N. K. Babbar, Dr. (Ms.) J.L. Pandey and Mr. 

N. K. Wadhwa for comp�l�ng the performance �nd�cators. All help and support that I had rece�ved 

from Mr. R. P. Sharma, Controller of Adm�n�strat�on, and h�s team �s greatly apprec�ated. 

I owe a debt of grat�tude to Dr. R. Ramachandran for h�s efforts at rewr�t�ng and ed�t�ng the text of 

th�s volume. My thanks are also due to M/s Thomson Press �n formatt�ng the text and pr�nt�ng the 

Volume so beaut�fully w�th�n a record t�me.

We have taken every care to ensure that contents of th�s volume are correct and authent�c and 

that there are no om�ss�ons. Desp�te th�s �f there are any, we regret the�r occurrence w�th great 

hum�l�ty. I do hope that the Volume w�ll be of �mmense �nterest to all stakeholders of the Laboratory 

�n understand�ng �ts overall growth and development �n the h�stor�cal perspect�ve, �ts strengths 

and weaknesses and �ts overall potent�al to contr�bute to the economy of the nat�on. I do hope 
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contemporary and future sc�ent�sts w�ll f�nd th�s document useful �n understand�ng how �nst�tut�ons 

of nat�onal �mportance, l�ke the NPL, grow, develop, nurture and harness the�r potent�al for 

technology �nnovat�on, development and commerc�al�zat�on.

On a personal note, I deem �t my honour and pr�v�lege to have had the opportun�ty to be assoc�ated 

w�th th�s prest�g�ous project on the publ�cat�on of the D�amond Jub�lee Volume. I thank Dr. V�kram 

Kumar for repos�ng h�s trust and conf�dence �n me. I must say that �t has been a very sat�sfy�ng and 

enjoyable exper�ence for me �n br�ng�ng out the D�amond Jub�lee Volume, a publ�cat�on of h�stor�c 

�mportance to the Laboratory

And the legacy cont�nues...

Dr. Anil Kumar Gupta,

Cha�rman,

D�amond Jub�lee Comm�ttee. Apr�l 1�, 2007
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f today Ind�a has a stand�ng �n the world of sc�ence 

and technology, �t �s because of the foundat�ons 

la�d by sc�ent�sts l�ke S�r Shant� Swarup Bhatnagar, 

pol�t�cal v�s�onar�es l�ke Pand�t Jawaharlal Nehru 

and bureaucrats l�ke S�r A. Ramaswam� Mudal�ar who were 

comm�tted to protect�ng nat�onal �nterests and who saw �n 

sc�ence and technology the �nstrument needed for soc�al 

transformat�on. Dur�ng the 1��0s, the �nfrastructure base for 

S&T �n the country was small. There were only a few research 

organ�zat�ons, such as the Ind�an Assoc�at�on for Cult�vat�on of 

Sc�ence, the As�at�c Soc�ety, the Geolog�cal Survey of Ind�a, 

the Botan�cal Survey of Ind�a, the Meteorolog�cal Department, 

the Forestry Department, the Nat�onal Test House and the 

Industr�al Research Bureau. For �ts �ndustr�al regenerat�on 

and development, the country lacked an appropr�ate research 

organ�zat�on comparable to the Department of Sc�ent�f�c and 

Industr�al Research (DSIR) �n Br�ta�n. When the Second World 

War began, the Industr�al Research Bureau, wh�ch h�therto 

was bas�cally respons�ble for research stud�es on �nd�genous 

development of raw mater�als, had also been abol�shed for 

reasons of economy �n Government expend�ture. S�r Mudal�ar, 

the then Commerce Member �n the Execut�ve Counc�l of the 

V�ceroy of Ind�a, a patr�ot w�th a v�s�on for the country’s long-

term development, made pers�stent efforts to f�ll the gap created 

by the abol�t�on of the Bureau. H�s efforts eventually led to the 

creat�on of the Board of Sc�ent�f�c and Industr�al Research 

(BSIR) on Apr�l 1, 1��0, though for a per�od of two years only. 

S�r Mudal�ar became �ts Cha�rman and Dr. Bhatnagar was 

des�gnated as �ts D�rector.

Dr. Bhatnagar prov�ded the sc�ent�f�c leadersh�p needed for the 

rejuvenat�on of the BSIR. He �n�t�ated structural changes �n the 

management of the Bureau. In early 1��1, he recommended 

to the Government that an Industr�al Research Ut�l�zat�on 

Comm�ttee (IRUC) be set up to d�rect and oversee the task of 

transferr�ng the processes developed by the BSIR �nto �ndustr�al 

appl�cat�ons. On Dr. Bhatnagar’s recommendat�on, the 

Government also establ�shed a separate Industr�al Research 

Fund for foster�ng �ndustr�al development �n the country. 

Later, the Government accepted h�s proposal for creat�ng an 

autonomous body called the Counc�l of Sc�ent�f�c and Industr�al 

Research (CSIR) to adm�n�ster th�s Research Fund as well as 

to control and adm�n�ster all S&T act�v�t�es �n the country. The 

CSIR was formed by a resolut�on of the then Central Leg�slat�ve 

Assembly and reg�stered as an autonomous body under the 

Reg�strat�on of Soc�et�es Act of 1�60. It came �nto ex�stence 

�n September, 1��2, w�th the BSIR and the IRUC serv�ng as 

adv�sory bod�es to the Govern�ng Body of the CSIR. 

W�th a v�ew to pave way for us�ng S&T as a means for �ndustr�al 

growth and development, as well as to g�ve f�ll�p to the fledgl�ng 

Ind�an �ndustry, Dr. Bhatnagar �n�t�ated plans for sett�ng up 

nat�onal laborator�es for sc�ent�f�c and �ndustr�al research �n 

the country. He proposed a central laboratory �n 1��1, wh�ch 

later took the shape of two laborator�es, the Nat�onal Phys�cal 

Laboratory (NPL) and the Nat�onal Chem�cal Laboratory (NCL). 

VANGUARD OF CSIR FAMILY

I

Building Modern Temples: Pandit Jawaharlal Nehru, Vice President of 

the Interim National Government of India laying the foundation stone of the 

National Physical Laboratory on January 4, 1947
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Later, two more laboratories, the Fuel Research Station and 

the Glass and Ceramics Research Institute, were proposed. In 

1943, the Governing Body of the CSIR approved the setting up 

of these four national laboratories. A Planning Committee was 

set up to draw up detailed plan for the NPL and it completed 

its work in 1945. Its report -- Plan for a National Physical 

Laboratory, India -- was published in early 1946 (see Appendix 

A of this volume). The NPL was primarily conceptualized as a 

standards laboratory, a national metrology institute, designed 

to offer national standards for physical measurements as 

well as conduct basic and applied research in measurement 

standards. The Laboratory was thus given the mandate “to 

establish, maintain and improve continuously by research, for 

the benefit of the nation, National Measurement Standards, 

and to realize the ‘units’ based on the International System”. 

Dr. K. S. Krishnan was appointed as NPL’s first director.

Pandit Jawaharlal Nehru laid the foundation stone for the 

Laboratory on January 4, 1947. Pandit Nehru had also laid the 

foundation stones for the other three proposed laboratories 

before this. The NCL, which was inaugurated by Pandit Nehru 

himself, was the first to come up, the NPL immediately after 

and subsequently the Fuel Research Station and the Glass and 

Ceramics Research Institute. In all, plans for eleven specialized 

national laboratories were drawn up between 1942 and 1947. By 

the end of 1954, 12 national laboratories had been established 

and a dozen more were at the planning stage.

After India’s independence, the CSIR was placed under Pandit 

Nehru, who had then become the Prime Minister of the country. 

He also became the Chairman of the Governing Body of the 

CSIR. Over the years, in all, a total of over 40 laboratories 

were established under the CSIR umbrella, of which 29 were 

inaugurated by Pandit Nehru himself, an indication of his strong 

commitment to developing an S&T base in the country for a 

self-reliant socio-economic development. The CSIR is today 

a major agency for research and development (R&D) in the 

country, covering a whole range of disciplines such as physics, 

fuels, aerospace engineering, ocean sciences, molecular 

biology, metallurgy, chemicals, mining, food, petroleum, leather 

and environment. The NPL, the oldest member in the CSIR 

family, has established itself as a major centre for measurement 

standards, materials and radio science.

For three years till the construction of the Laboratory building, the 

NPL functioned from the physics department of the University of 

Delhi. On January 21, 1950, Sardar Vallabhbhai Patel, the then 

Deputy Prime Minister of India, inaugurated the NPL building. It 

was a landmark event that was graced by the top leadership in 

the Government. Besides Sardar Patel, the dignitaries included 

Pandit Nehru, Sir C. Rajagopalachari, the Governor General 

of India, and Dr S. P. Mookerjee, the Minister of Industry and 

Supplies. Leading scientists from India and abroad were also 

present on the occasion (see Appendix C).

Speaking on the occasion on the relevance of setting national 

standards of measurement, the chief mandate of the NPL, Sardar 

Patel said, “It would be a great safeguard against the cheating 

of common man by means of imperfect standards of weights 

and measures, length and height. It would be a great testing-

house of raw materials and finished products. The researches 

and tests carried out in its (laboratory) rooms would, I am sure, 

enrich the realms of science with new-found treasures.” 

“As I look at the tall building,” remarked Pandit Nehru, “and think 

of the large number of young men and young women working 

in it, dreaming sometimes, and producing results which will flow 

out and benefit our people in this country and the world, for the 

matter of that, because the frontiers of science cannot be limited 

- as I think of those tremendous advances that science has made 

in the past and the great advances that I hope it is going to make 

in future, I am so fascinated by them that I feel how much better 

it would have been for me to be the Director of this Laboratory, if 

I had the competence, than to be the Prime Minister.”

Over the years, the Laboratory has more than realized that 

hope by not only fulfilling its primary mandate as the keeper 

of measurement standards but also substantially expanding its 

research activities to emerge as a leading national institution 

for research in a whole gamut of areas in the physical sciences. 

The credit for that goes to Dr Bhatnagar for giving vision to the 

Laboratory, to Dr K. S. Krishnan, for his scientific leadership as 

NPL’s founder-director, and to Pandit Nehru for his unflinching 

political and material support during its formative years. 

  NPL AS CENTRE OF METROLOGY

The Laboratory has been playing significant role to ensure 

that the country’s economic and development activities are 

based on accurate and reliable measurements as mandated 

by the Government of India under the Standards of Weights 

and Measures Act of 1956 and 1976 and under the Rules 

of 1988. Under this Act, the Laboratory is the custodian of 

national standards of measurement. Accordingly, the NPL 

carries out all metrological work for establishing, maintaining 

and improving the national standards of measurement for all 

the basic units and also undertakes the necessary work for 

constantly keeping them “traceable”, through an unbroken 

chain of calibrations, to the international standards. These 

include all the base units under the Système International 

d’Unités (the SI system of units) except for the unit for ‘ionizing 

radiations’, which is maintained by the Department of Atomic 

Energy’s Bhabha Atomic Research Centre (BARC) in Mumbai. 

Besides, it provides apex level calibration services to the nation 

in physico-mechanical, electrical and electronic standards so 

that physical measurements in the country remain traceable to 

the national measurement standards. 

Initially, the Laboratory started maintaining three base units 

Some of the eminent personalities who participated in the opening ceremony of the National Physical Laboratory

Left to Right : G. M. Bhuta, Dr. K. N. Mathur, Dr. O. E. H. Rydbeck, Dr. H. J. Bhabha, Dr. P. Auger, Dr. E. U. Condon, Dr. S. P. Mookerjee, Pandit Jawaharlal Nehru,             Sir C. Rajagopalachari, Sir S. S. Bhatnagar, Dr. K. S. Krishnan, Sir Robert Robinson, Lady Robinson, Dr. W. A. Englehardt and Dr. J. D. Bernal

along with Sardar Vallabhbhai Patel
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of length, mass, and t�me. In 1�60, when the metr�c system 

was off�c�ally adopted as the bas�s for SI un�ts, the number of 

base un�ts be�ng ma�nta�ned at the NPL �ncreased. It has s�nce 

been ma�nta�n�ng s�x SI base un�ts; namely, metre (for length), 

kilogram (for mass), second (for t�me), kelvin (for temperature), 

ampere (for current) and candela (for lum�nous �ntens�ty). R&D 

work �s under way for real�z�ng and establ�sh�ng the seventh 

SI base un�t of mole (for amount of substance). It also real�zes 

and ma�nta�ns several der�ved un�ts �n the area of phys�co-

mechan�cal and electr�cal and electron�c parameters.

In the 1��0s, the standards related act�v�t�es at the NPL were 

organ�zed �nto several d�fferent groups. However, �n 1�63 on 

the recommendat�on of Nobel Laureate P.M.S. Blackett (see 

Append�x B), these groups were brought together under a 

s�ngle umbrella. The object�ve was to br�ng greater coord�nat�on 

between the var�ous groups and to g�ve the standards act�v�ty a 

programme-based approach on a b�gger scale and enable the 

Laboratory to play �ts role more effect�vely.  

 

Earl�er, the real�zat�on of the base un�ts was based on mater�al 

art�facts, such as a plat�num-�r�d�um (Pt-Ir) metal bar for metre 

and a standard cell for voltage. The un�t of mass, the k�logram, for 

example, �s st�ll based on an art�fact, namely the prototype No. 

�7 of Internat�onal K�logram acqu�red from Bureau Internat�onal 

des Po�ds et Mesures (BIPM), the Internat�onal Bureau for 

We�ghts and Measures. However, w�th advances �n metrology, 

�t sh�fted from art�fact standards to quantum standards where�n 

the emphas�s �s on def�n�ng standards on the bas�s of un�versal 

constants. The NPL too has kept pace w�th the developments 

�n the f�eld and has developed cons�derable expert�se towards 

the real�zat�on of base un�ts �n terms of quantum standards.

 

Several �nternat�onal cooperat�on programmes have helped the 

Laboratory to ach�eve th�s goal. In part�cular, the NPL entered 

�nto techn�cal cooperat�on w�th Phys�kal�sch-Techn�sche 

Bundesanstalt (PTB), Germany’s nat�onal standards laboratory, 

�n 1�71 to augment �ts standards fac�l�t�es. Bes�des upgrad�ng 

the ex�st�ng standards and cal�brat�ons fac�l�t�es, several new 

standards were establ�shed under th�s programme, wh�ch 

cont�nued t�ll 1���. Under Phase-2 of th�s NPL-PTB Techn�cal 

Cooperat�on dur�ng 1���-1���, the Laboratory establ�shed 

new standards and fac�l�t�es. In add�t�on, the cooperat�on 

also enabled NPL’s nat�onal cal�brat�on serv�ces and central 

workshop to be upgraded.

In 1�7�, the NPL had env�saged sett�ng up fac�l�t�es for 

the evaluat�on of electron�c components under var�ous 

env�ronmental cond�t�ons. Its scope was later expanded to 

�nclude other aspects of test�ng and evaluat�on as well. Th�s 

led to the creat�on of the Test, Evaluat�on and Cal�brat�on 

(TEC) Centre for electr�cal and electron�c equ�pment and 

components. Dr. M.G.K. Menon, the then Cha�rman, Electron�cs 

Comm�ss�on, �naugurated th�s TEC center on February 2, 1�76. 

The object�ves of th�s centre were to prov�de qu�ck and eff�c�ent 

test fac�l�t�es, to carry out developmental and type test�ng as per 

the spec�f�cat�ons of the Ind�an Standards Inst�tut�on (ISI), now 

called the Bureau of Ind�an Standards (BIS), to offer cal�brat�on 

fac�l�t�es w�th traceab�l�ty to the nat�onal standards of phys�cal 

measurement at the NPL and to perform other spec�al�zed 

serv�ces or render adv�ce as requ�red.  

W�th a v�ew to coord�nate the ent�re test�ng and cal�brat�on 

act�v�t�es �n the country, the Department of Sc�ence and 

Technology (DST) launched the Nat�onal Coord�nat�on of 

Test�ng and Cal�brat�on Fac�l�t�es (NCTCF) programme w�th the 

NPL as the apex body �n 1���. In order to upgrade the NCTCF 

cr�ter�a and to al�gn the system w�th the �nternat�onal standards, 

the scheme was mod�f�ed �n 1��3 and called the Nat�onal 

Accred�tat�on Board for Test�ng and Cal�brat�on Laborator�es 

(NABL).  Later the NABL became an autonomous un�t under 

the overall adm�n�strat�on of the DST but the NPL cont�nues to 

play a cruc�al role by prov�d�ng techn�cal ass�stance under a 

Memorandum of Understand�ng (MoU) s�gned w�th the NABL. 

The Laboratory also cont�nues to prov�de techn�cal expert�se and 

adv�ce to the BIS �n wr�t�ng documents of var�ous procedures 

and techn�ques for apply�ng standards. 

At the �nternat�onal level, Ind�a s�gned the Convention of the 

Metre �n 1��7. The Convent�on �s a d�plomat�c treaty wh�ch 

g�ves author�ty to the General Conference on We�ghts and 

Measures (CGPM), the Internat�onal Comm�ttee for We�ghts 

and Measures (CIPM) and the Internat�onal Bureau of We�ghts 

and Measures (BIPM) to act �n matters of world metrology, 

part�cularly concern�ng the demand for measurement standards 
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of ever �ncreas�ng accuracy, range and d�vers�ty, and the need 

to demonstrate the equ�valence between nat�onal measurement 

standards. The NPL �s the des�gnated Nat�onal Metrology 

Inst�tute (NMI) of Ind�a for phys�cal measurements. 

After s�gn�ng the Convent�on, Ind�a became a member of CGPM 

and also a permanent member of CIPM. The Laboratory �s also 

a founder member of the As�a-Pac�f�c Metrology Programme 

(APMP), the reg�onal metrology organ�zat�on for the As�a-

Pac�f�c Reg�on. For ma�nta�n�ng equ�valence of �ts standards 

w�th the �nternat�onal ones, the NPL has been part�c�pat�ng �n 

several �nternat�onal compar�sons of standards organ�zed by 

the APMP and BIPM and b�lateral �nter-compar�sons w�th the 

NMIs of other countr�es. Follow�ng the peer rev�ew of standards 

act�v�t�es at the NPL, the Laboratory’s measurement capab�l�t�es 

have been �ncluded �n BIPM’s database, wh�ch �s access�ble on 

the webs�te www.b�pm.org.

S�nce 1���, Ind�a �s a s�gnatory to CIPM’s global Mutual 

Recogn�t�on Arrangement (MRA) related to nat�onal 

measurement standards and cal�brat�on and measurement 

cert�f�cates �ssued by the NMIs of the part�c�pat�ng countr�es. 

The MRA �s �n response to the grow�ng need for an open, 

transparent and comprehens�ve system to g�ve users rel�able 

and quant�tat�ve �nformat�on on the compat�b�l�ty of nat�onal 

metrology serv�ces and to prov�de techn�cal bas�s for w�der 

agreement for �nternat�onal trade. S�nce 2003, the Laboratory 

has �mplemented a qual�ty system as per ISO/IEC 1702� for 

phys�co-mechan�cal, electr�cal and electron�c standards. The 

cal�brat�on act�v�t�es �n these areas have been peer-rev�ewed 

dur�ng 2003-06 to fulf�ll the requ�rements of the MRA.

 

 NPL AS CENTRE OF MATERIALS

Over the years, work at the NPL has expanded s�gn�f�cantly 

beyond measurement standards and the Laboratory has grown 

�nto a nat�onal centre of mater�als pursu�ng R&D work on a 

w�de range of mater�als, products and dev�ces. Its mater�als 

character�zat�on fac�l�t�es, requ�red for study�ng and analyz�ng 

mater�als for pur�ty, compos�t�on, structure and perfect�on, are 

comparable to the best �n the world. It commands state-of-the-

art �nstruments and exper�mental fac�l�t�es as well as excellent 

phys�cal, techn�cal and comput�ng �nfrastructure for the purpose. 

Its knowledge base �n mater�als and related technolog�es 

compr�ses experts of nat�onal em�nence. The Laboratory has 

earned a reputat�on for prov�d�ng new mater�als that have had 

strateg�c, econom�c and soc�etal �mpact. Th�s core strength has 

also enabled �t to establ�sh l�nkages w�th the country’s �ndustry 

and top academ�c �nst�tut�ons and laborator�es for collaborat�ve 

programmes, sponsored research and consultancy.

Dur�ng early 1��0s, Dr. Kr�shnan planned the R&D act�v�t�es to 

make the Laboratory more relevant to the �ndustry. He, therefore, 

organ�zed an Industr�al Phys�cs Group to catalyze �ndustr�al 

growth �n the country. Th�s group was g�ven the mandate to 

�nd�genously develop raw mater�als for �ndustr�al and soc�etal 

appl�cat�ons. Th�s �n�t�at�ve became the harb�nger of the era of 

NPL’s advanced mater�als research, wh�ch began around the 

m�d-1�70s.   

The �n�t�al R&D efforts focused on carbon and carbon products. 

A versat�le mater�al, carbon has d�verse appl�cat�ons, the 

spectrum extend�ng from s�mple torch battery to h�gh-tech 

spacecraft. W�th�n a decade, know-how for a range of carbon 

products was generated and the process technolog�es for 

some of these appl�cat�ons were transferred to the �ndustry. The 

Laboratory also gave the country the technology for �ndel�ble 

�nk. Its �mpact on check�ng �mpersonat�on dur�ng elect�ons and 

�ts relevance to the Elect�on Comm�ss�on of Ind�a have been so 

great that �t has come to be �dent�f�ed w�th the NPL. 

In the 1�60s the Laboratory expanded �ts �ndustr�al products 

prof�le to soft ferr�tes, s�lver m�ca capac�tors, ceram�c rods and 

capac�tors. Its p�lot plant project Development-cum Product�on 

of Electron�c Components -- a�med at demonstrat�ng the 

techno-econom�c feas�b�l�ty of electron�c components at the 

�ndustr�al scale -- had s�gn�f�cant �mpact on the consumer 

electron�c �ndustry �n the country. An offshoot of the work on 

ferr�tes was the establ�shment of the Central Electron�c L�m�ted 

(CEL) at Sah�babad, the f�rst ever publ�c sector enterpr�se of the 

Government of Ind�a to come up as a result of the R&D efforts 

of a CSIR laboratory. 

To make the Laboratory a lead�ng research �nst�tut�on �n phys�cs 

at nat�onal and �nternat�onal level, Dr Kr�shnan had also �n�t�ated 
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bas�c research stud�es �n sol�d-state phys�cs �n the 1��0s. 

Work�ng �n collaborat�on w�th �nternat�onally reputed sc�ent�sts 

l�ke Dr. Dav�d Shoenberg, he had set up a l�qu�d a�r plant to study 

the behav�our of sol�ds at very low temperatures. An �mportant 

outcome of research �n sol�d-state phys�cs �n the early 1�70s 

was the development of know-how for photocopy�ng mach�ne, 

wh�ch was of great s�gn�f�cance to the photocopy�ng �ndustry �n 

the country.

Mater�als research dur�ng the 1�70s led to the development of 

h�gh-pressure metal form�ng techn�ques, superhard mater�als 

and technolog�es to harness solar energy. In part�cular, the 

technolog�es for hot extrus�on and hydrostat�c extrus�on of metal 

and alloys to var�ous shapes were of great �mportance and 

benef�t to the �ndustry. Develop�ng the know-how for synthes�s 

of superhard mater�als, such as s�ngle crystal d�amonds and 

cub�c boron n�tr�des, was �mportant.

  

It �s the compet�t�ve edge ach�eved through advanced 

technolog�es �n d�sc�pl�nes such as b�otechnology, drugs and 

pharmaceut�cals, med�cal sc�ences and mater�als that sets 

apart developed nat�ons from the develop�ng ones. If Ind�a has 

to emerge as a developed nat�on �n the near future, �t needs 

to develop cutt�ng-edge technolog�es �n the emerg�ng areas of 

S&T. The NPL had real�zed the �mportance of th�s early and �n 

the late 1�70s �t �n�t�ated programmes �n eng�neer�ng mater�als 

and electron�c mater�als �n a b�g way to develop h�gh strength 

and h�gh performance mater�als for strateg�c, soc�etal and 

�ndustr�al appl�cat�ons. Accord�ngly, �n the follow�ng th�rty years 

1�7�-200�, mater�als research act�v�t�es at the NPL focused on 

new and advanced mater�als, such as metall�c mater�als and 

components, carbon f�bres and carbon-carbon compos�tes, 

l�qu�d crystals, advanced ceram�cs, th�n f�lms, mater�als 

l�ke s�l�con for electron�cs, lum�nescent mater�als, polymer�c 

mater�als and superconduct�ng mater�als as well as related 

dev�ces. Today, the core strength of the work l�es �n mater�als 

process�ng and character�zat�on of eng�neer�ng, electron�c and 

superconduct�ng mater�als, and technology development for 

components, dev�ces and systems based on these.

  NPL AS CENTRE OF RADIO
 AND ATMOSPHERIC SCIENCES

An �mportant area of research at the NPL �s the study of 

the phys�cs, the chem�stry and the dynam�cs of the Earth’s 

atmosphere for �ncreas�ng our knowledge and understand�ng 

of atmospher�c changes and the�r causes, as well as the�r 

�mpact on the propagat�on of rad�o waves and on the Earth’s 

env�ronment. The Laboratory has been able to establ�sh 

state-of-the-art �nstrumentat�on and exper�mental fac�l�t�es 

for support�ng a ser�es of atmospher�c stud�es, such as 

�nvest�gat�ons on Greenhouse Gases (GHGs), atmospher�c 

ozone, UV-B rad�at�on, fog format�on, transport and evolut�on 

of aerosols, rad�o propagat�on �n var�ous reg�ons of the Earth’s 

�onosphere, aeronomy and Antarct�c atmosphere. For research 

�n these areas, �t has developed ground based and in-situ 

techn�ques for satell�te, rocket and balloon borne �nstruments. 

As a result of these act�v�t�es, the Laboratory �s today recogn�zed 

as an �mportant centre for research �n rad�o and atmospher�c 

sc�ences �n the country.

The Centre for Rad�o and Atmospher�c Sc�ences at the NPL 

had �ts roots �n the Rad�o Research Comm�ttee set up by Dr. 

Kr�shnan. In 1��6 th�s Comm�ttee became part of the NPL as 

the Rad�o Propagat�on Un�t. Earl�er, the country was dependent 

on the U.K. and Austral�a for �onospher�c pred�ct�ons meant for 

rad�o propagat�on. Th�s Un�t developed �nd�genous techn�ques 

and capab�l�t�es for pred�ct�ng solar act�v�ty and �ts �nfluence 

on the �onosphere and by the early 1�60s �t became the nodal 

agency �n the country for �onospher�c pred�ct�ons. The Ind�an 

Space Research Organ�zat�on (ISRO), the Ind�an Navy, the 

Ind�an Ra�lways and the Pol�ce W�reless were among the major 

user agenc�es, wh�ch cont�nue to make use of NPL’s research 

output �n rad�o sc�ence.

In the late 1�60s, the Rad�o Propagat�on Un�t expanded �ts 

act�v�t�es to undertake stud�es �n aeronomy and space sc�ences 

and set up assoc�ated ground based fac�l�t�es, but rad�o 

propagat�on stud�es cont�nued to be ma�n focus of research. 

G�ven �ts expert�se �n forecast�ng �onospher�c cond�t�ons and 

capab�l�ty to extend th�s as a nat�onal serv�ce, the Laboratory 

was declared as the Ind�an Reg�onal Warn�ng Centre (RWC-
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Ind�a) by the Internat�onal Space Env�ronment Serv�ces (ISES).

In the 1�70s, the Laboratory d�vers�f�ed �ts act�v�t�es to front�er 

areas of atmospher�c sc�ences such as stratospher�c ozone, 

troposphere and tropospher�c commun�cat�on and planetary 

atmospheres. The 1��0s w�tnessed another d�vers�f�cat�on to 

research stud�es �n m�ddle atmosphere, Antarct�c atmosphere 

and global change. As a part of the Internat�onal M�ddle 

Atmosphere Programme (MAP), wh�ch was �n�t�ated to explore 

the reg�on between the troposphere and thermosphere, the 

Ind�an M�ddle Atmosphere Programme (IMAP) was started 

�n the country �n wh�ch the NPL played a s�gn�f�cant role �n 

coord�nat�ng the countryw�de stud�es. It developed ent�rely 

new techn�ques to explore th�s h�therto l�ttle explored reg�on. 

New techn�ques to explore the Antarct�c atmosphere were also 

developed dur�ng th�s per�od. Under another programme called 

the Internat�onal Geosphere B�osphere Programme (IGBP) 

on global change, the Laboratory took up stud�es on GHGs, 

aerosols and ozone deplet�on. The 1��0s saw the act�v�t�es 

expand�ng further to �nclude the Mesosphere Stratosphere 

Troposphere Radar (MST Radar), satell�te payload technology, 

the Ind�an Ocean Exper�ment (INDOEX) and the Free A�r Carbon 

D�ox�de Enr�chment (FACE) project.  

Look�ng back, the Rad�o Propagat�on Un�t had prov�ded the 

forum for nucleat�ng a ser�es of atmospher�c stud�es that were 

strateg�cally planned, expanded and executed �n collaborat�on 

w�th nat�onal and �nternat�onal agenc�es. It also enabled the 

bu�ld�ng of �nd�genous capab�l�t�es and strengths for sc�ent�f�c 

pursu�ts �n the f�eld. Most �mportantly, the sc�ent�f�c leadersh�p 

shown by the Laboratory �n rad�o and atmospher�c stud�es has 

put the country on the �nternat�onal map.  

Tropospher�c and �onospher�c research for understand�ng rad�o 

propagat�on and �ts �mpa�rment due to var�ous atmospher�c 

processes, mon�tor�ng of �onospher�c d�sturbances and 

prov�d�ng rad�o env�ronment warn�ngs to several user agenc�es 

of the country s�nce the early 1�60s has undoubtedly been the 

most s�gn�f�cant contr�but�on of the rad�o sc�ences act�v�ty at 

the NPL to nat�onal growth.  Regular forecasts on �onospher�c 

cond�t�ons by the NPL for rad�o propagat�on have also helped 

the country spread �ts commun�cat�on network. Th�s serv�ce 

cont�nues t�ll date, although some components of th�s now need 

renewed �mpetus. The sodar (Sound Detect�on and Rang�ng) 

developed by the centre has g�ven the country a dev�ce for 

real�st�c assessment of env�ronmental �mpact. The centre has 

worked �n collaborat�on w�th many �nst�tut�ons for env�ronmental 

clearance of �ndustr�al projects, lead�ng to a better �ndustr�al 

and a�r-pollut�on env�ronment scenar�o �n the country. 

The second most s�gn�f�cant contr�but�on has resulted from the 

�n�t�at�ves taken �n the early 1��0’s to �nd�genously est�mate 

methane em�ss�on. The NPL-led sc�ent�f�c efforts have been 

respons�ble for br�ng�ng down the est�mate of  annual methane 

em�ss�on from paddy f�elds �n Ind�a from the earl�er projected 

value of around �0 Tg to �.0 Tg (1 Tg = 1012 g).  Th�s has blunted 

�nternat�onal cla�ms that Ind�a was contr�but�ng s�gn�f�cantly to 

global warm�ng �n the most def�n�t�ve manner. The Laboratory 

has also gu�ded the preparat�on of the nat�onal �nventory of the 

strengths of sources and s�nks of GHGs for commun�cat�on to 

the UN Framework Convent�on on Cl�mate Change (UNFCCC) 

by the Government of Ind�a, a mandatory requ�rement for all 

countr�es that are s�gnator�es to the Convent�on. The FACE 

fac�l�ty establ�shed at the NPL w�ll go a long way �n study�ng 

the �mpact of elevated levels of carbon d�ox�de on plants by 

agr�culture sc�ent�sts.

Antarct�ca �s 3.� t�mes larger than Ind�a and an �nternat�onal 

comm�ttee controls �ts explorat�on. Only those countr�es that 

have the�r manned stat�ons and are sc�ent�f�cally act�ve are the 

members of th�s comm�ttee, wh�ch �ncludes Ind�a. The rad�o 

and atmospher�c sc�ences group at the NPL has contr�buted 

�n a major way to the research on Antarct�c atmosphere s�nce 

Ind�an exped�t�ons to th�s cont�nent began. 

Currently, the Laboratory �s part�c�pat�ng �n many nat�onal and 

�nternat�onal programmes. It �s the nat�onal node for ass�m�lat�on 

and d�ssem�nat�on of �nformat�on on space weather alerts and 

for INDOEX research data for var�ous users. It �s also the host 

for the START (System for Analys�s, Research and Tra�n�ng) 

Reg�onal Research Centre under the aeg�s of the Internat�onal 

Counc�l for Sc�ence (ICSU) for capac�ty bu�ld�ng �n global 

change research �n South As�a.
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o �nst�tut�ons make �nd�v�duals or �nd�v�duals make 

�nst�tut�ons? Th�s eternal quest�on has always 

evoked debatable answers. In Dr Shant� Swarup 

Bhatanagar and Dr. K. S. Kr�shnan, however, we 

f�nd unequ�vocal answers. Both were �nst�tut�on bu�lders who 

establ�shed prem�er research �nst�tut�ons �n the country. Dr. 

Shant� Swarup Bhatanagar establ�shed the Counc�l of Sc�ent�f�c 

and Industr�al Research (CSIR), a major sc�ent�f�c agency 

�n the country and Dr K.S. Kr�shnan, the Nat�onal Phys�cal 

Laboratory (NPL), a front rank�ng phys�cs research �nst�tut�on 

�n the country. And both made p�oneer�ng contr�but�ons to lead 

the�r respect�ve �nst�tut�ons to great he�ghts.

Sir Shanti Swarup Bhatnagar

Dr Bhatnagar was the f�rst D�rector of the Board of Sc�ent�f�c and 

Industr�al Research (BSIR) wh�ch was set up �n 1��0, �n�tally 

for a per�od of two years. Dr. Bhatnagar prov�ded sc�ent�f�c 

leadersh�p to make BSIR a resurgent body. He �n�t�ated 

structural changes �n the management of the BSIR and, �n the 

process, he v�sual�zed the need 

for an umbrella sc�ent�f�c body for 

steer�ng sc�ence and technology 

developments �n the country wh�ch 

led to the creat�on of the Counc�l of 

Sc�ent�f�c and Industr�al Research 

(CSIR). Establ�shed by a resolut�on 

of the then Central Leg�slat�ve 

Assembly, the CSIR came �nto 

operat�on on September 26, 1��2. 

In all, proposals for 11 spec�al�zed 

nat�onal laborator�es were drawn 

up between 1��2 and 1��7. By 

the end of 1���, twelve nat�onal 

laborator�es had been establ�shed. 

The CSIR today �s a major agency for research �n the country 

hav�ng several laborator�es (37 as on date) under �ts umbrella 

cover�ng a gamut of d�sc�pl�nes. 

Dr. Bhatnagar was �ndeed a man of great v�s�on. Dr. Hom� 

Jehang�r Bhabha, Dr. Prasanta Chandra Mahalanob�s and  

Dr. V�kram Ambalal Sarabha� were h�s contemporar�es and 

together they played s�gn�f�cant role �n bu�ld�ng the S&T 

�nfrastructure dur�ng the �n�t�al years of �ndependent Ind�a as 

well as �n the formulat�on of Ind�a’s sc�ence and technology 

pol�c�es. He was also the f�rst Cha�rman of the Un�vers�ty Grants 

Comm�ss�on (1��3-��). He was elected a Fellow of the Royal 

Soc�ety (FRS), London, �n 1��3. In the same year, the Soc�ety 

of Chem�cal Industry, London, elected Dr. Bhatnagar as an 

Honorary Member and later as V�ce Pres�dent. He was the 

Pres�dent of the Ind�an Chem�cal Soc�ety, the Nat�onal Inst�tute 

of Sc�ences of Ind�a  (now known as the Ind�an Nat�onal Sc�ence 

Academy) and the Ind�an Sc�ence Congress. He was awarded 

the t�tle Padma V�bhushan by the Pres�dent of Ind�a �n 1��� for 

Sc�ence and Eng�neer�ng. 

Dr Bhatnagar was very close to Pand�t Jawaharlal Nehru and 

shared h�s v�ews on the central role of sc�ence �n self-rel�ance 

and soc�al transformat�on. Pand�t Nehru had also held Dr 

Bhatnagar �n h�gh esteem. He once 

sa�d about Bhatnagar, “I have always 

been associated with many prominent 

figures eminent in other ways, but Dr. 

Bhatnagar was a special combination 

of many things, added to which was a 

tremendous energy with an enthusiasm 

to achieve things. The result was he left 

a record of achievements, which was 

truly remarkable. I can truly say that 

but for Dr. Bhatnagar you could not 

have seen today the chain of national 

laboratories.” 

Speak�ng on the occas�on of the 

open�ng of the bu�ld�ng of the NPL on January 21, 1��0, Pand�t 

Nehru sa�d, “…Dr Bhatnagar has certain qualities, which I for 

VISIONARIES OF NPL
S�r Shant� Swarup Bhatanagar and Dr. K. S. Kr�shnan

“Dr. Bhatnagar has 

certain qualities, which 

I for one admire very 

greatly, and that quality 

is to get things done...

Dr. Bhatnagar has the 

quality of translating 

odds into what has 

been done and it is a 

tremendous quality”

- Pandit Nehru 
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one admire very greatly, and that quality is to get things done. 

It is a quality, which, I regret to say, most people lack. We talk a 

lot about theories and philosophies, and what should be done 

and what might be done and ought to be done. But somehow, 

all that is not translated into things that are done. Dr Bhatnagar 

has the quality of translating odds into what has been done 

and it is a tremendous quality. I am quite certain that this large 

programme of building fine national laboratories would never 

have gone as far ahead as it has, if Dr Bhatnagar had not been 

in charge of them. So I am grateful to him for the efficiency and 

vitality with which he has pursued the undertakings.” 

Dr Bhatnagar d�ed on January 1, 1���. To pay tr�bute to th�s 

great sc�ent�st, the father of the CSIR fam�ly, the CSIR dec�ded 

to �nst�tute an award �n h�s memory, named The Shant� Swarup 

Bhatnagar Award. The awards are g�ven �n seven d�sc�pl�nes: 

(1) B�olog�cal Sc�ences; (2) Chem�cal Sc�ences; (3) Earth, 

Atmosphere, Ocean and Planetary Sc�ences; (�) Eng�neer�ng 

Sc�ences; (�) Mathemat�cal Sc�ences; (6) Med�cal Sc�ences; 

and, (7) Phys�cal Sc�ences. These awards, each of the value of 

Rs 2,00,000, are awarded annually for outstand�ng fundamental 

or appl�ed research �n the g�ven d�sc�pl�ne �n the country.

Dr Bhatnagar �s also ha�led 

as the arch�tect of the 

Nat�onal Phys�cal Laboratory 

(NPL). He had strong and 

f�rm bel�ef that accurate and 

rel�able measurements �n 

manufactur�ng bus�ness, 

commerc�al act�v�t�es and 

goods trad�ng are cruc�al 

for keep�ng the markets 

compet�t�ve, ass�gn�ng costs 

�n commerce and trade as 

well as �n strengthen�ng 

the overall economy of the 

country. If the country has to 

flour�sh and make progress 

�n manufactur�ng, bus�ness 

and trade, there �s a need 

to put �n place a proper measurement system that should 

ensure accurate and rel�able measurements nat�onw�de. Dr 

Bhatnagar, therefore, v�sual�zed the need for a standards 

laboratory that would serve as a nat�onal metrology �nst�tute 

offer�ng nat�onal standards of phys�cal measurements as well 

as conduct�ng bas�c and appl�ed research �n measurement 

standards. It was �n th�s context that Dr Bhatnagar f�rst mooted 

the �dea of sett�ng up a Nat�onal Phys�cal Laboratory as early 

as 1��1 and later proposed for �ts approval to the Govern�ng 

Body of the CSIR �n 1��3.

Dr. K. S. Krishnan 

If Dr. Bhatnagar was the arch�tect, Dr K.S Kr�shnan �s justly 

acknowledged as the bu�lder of the NPL. He la�d down the 

roadmap for the Laboratory to become a prem�er phys�cs 

research �nst�tut�on �n the country. He was the f�rst d�rector 

of the NPL. Appo�nted �n 1��7, he cont�nued to serve �t for 

1� years t�ll h�s death �n 1�61. Dr Kr�shnan was a sc�ent�st of 

em�nence, better known to the world as the co-d�scoverer of 

Raman Effect, a d�scovery wh�ch brought the f�rst and, t�ll date, 

the only Nobel Pr�ze �n sc�ence to Ind�a. He was a p�oneer �n 

condensed matter phys�cs, f�rst to explore many �nterest�ng 

phenomena �n the sol�d and l�qu�d states of matter after the b�rth 

of quantum mechan�cs, �n part�cular how heat �s d�str�buted �n 

sol�ds of var�ous shapes, namely rods and co�ls, when heated 

�n vacuum. He was elected 

a Fellow of the Royal Soc�ety 

(FRS) �n 1��0.

Dr. Kr�shnan was not new to 

the Laboratory when he took 

over as �ts D�rector. Pr�or 

to h�s appo�ntment, he was 

act�vely assoc�ated w�th the 

format�on of the Laboratory 

as a member of the Plann�ng 

Comm�ttee, wh�ch was 

const�tuted by the CSIR for 

draw�ng up �ts plan (see 

Append�x A of th�s volume). 

The b�ggest challenge 

before Dr Kr�shnan was how 

to ra�se the Laboratory from 

scratch. He and Dr K. N. Mathur, who was earl�er a member 

secretary of the Plann�ng Comm�ttee and later Deputy D�rector 

“There is our distinguished 

Director, Dr. Krishnan, and 

possibly it will be difficult to 

find a shier and more modest 

man, and yet those who 

know him know that under 

that shyness and modest 

exterior, there is a depth and 

profundity of learning, and it 

has been a particularly good 

fortune for us to have him as 

our Director”

- Pandit Nehru 
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of the Laboratory, were able to get the NPL bu�lt, establ�sh 

the sc�ent�f�c �nfrastructure and also bu�ld the necessary 

sc�ent�f�c manpower for lead�ng the Laboratory to nat�onal and 

�nternat�onal prom�nence �n measurement standards, appl�ed 

research and low temperature phys�cs. 

Dr. Kr�shnan took keen �nterest �n the construct�on of the NPL 

bu�ld�ng. The follow�ng anecdote has been recounted by 

Sh�v V�svanathan, a soc�olog�st of sc�ence, �n h�s publ�cat�on: 

The tragedy of K.S. Krishnan: A sociological fable. When the 

Laboratory was be�ng bu�lt there were two trees �n front that 

were creat�ng problems. The bu�lders dec�ded to cut them 

down. When the axe was about to fall, Dr. Kr�shnan was just 

dr�v�ng �n. He was aston�shed and horr�f�ed. He came runn�ng 

up to the tree cutters jabber�ng �n h�s not too art�culate H�nd�. 

See�ng Dr. Kr�shnan’s d�stress, Mr. Kanv�nde, the arch�tect, 

also rushed to the scene. Dr. Kr�shnan asked them “Why 

are you cutt�ng down these trees?” The arch�tect answered, 

“S�r, we thought they looked asymmetr�cal �n the landscape.” 

Dr. Kr�shnan fell s�lent and then repl�ed, “You can st�ll create 

symmetry; not by cutt�ng down a tree but by add�ng one 

more”. 

Dr Kr�shnan, known for hav�ng deep knowledge of Ind�an 

culture, rel�g�on and ph�losophy and many sc�ent�f�c d�sc�pl�nes, 

bel�eved �n chang�ng Ind�a and her culture us�ng sc�ence 

and technology. Speak�ng about h�m on the occas�on of the 

open�ng of the bu�ld�ng of the NPL Pand�t Nehru sa�d, “There 

is our distinguished Director, Dr Krishnan, and possibly it will 

be difficult to find a shier and more modest man, and yet those 

who know him that under that shyness and modest exterior, 

there is a depth and profundity of learning, and it has been a 

particularly good fortune for us to have him as our Director.”

In 1��6, Dr Kr�shnan was elected a Fore�gn Assoc�ate of the 

U.S. Nat�onal Academy of Sc�ences. He was the f�rst rec�p�ent 

of the Bhatnagar Award �n 1���. The Government of Ind�a 

made h�m a Nat�onal Professor �n 1���. He was a founder 

member of the Internat�onal Un�on of Crystallography. Among 

the other members were Max Theodor Fel�x Von Laue (1�7�-

1�60) and W�ll�am Lawrence Bragg (1��0-1�71). He was the 

Pres�dent of the Nat�onal Academy of Sc�ences and also of 

the Nat�onal Inst�tute of Sc�ences of Ind�a (now known as the 

Ind�an Nat�onal Sc�ence Academy). He was the V�ce Pres�dent 

of the Internat�onal Un�on of Pure and Appl�ed Phys�cs (IUPAP) 

and the Internat�onal Counc�l of Sc�ent�f�c Un�ons (ICSU), now 

known as the Internat�onal Counc�l for Sc�ence. Dr Kr�shnan 

breathed h�s last on June 13, 1�61, when he was st�ll the 

D�rector of the NPL. 

Pandit Jawaharlal Nehru, the Prime Minister of India with Dr. K. S. Krishnan, 

the first Director, NPL during opening ceremony of the Laboratory

Dr. Rajendra Prasad, President of India engaged in discussions with

Dr. S.S. Bhatnagar. Also seen in the picture is Dr. K. S. Krishnan
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As I look at this fine building and think of the large number of young men and young 

women working in it, dreaming sometimes, and producing results which will flow out 

and benefit our people in this country and the world, for the matter of that, because 

the frontiers of science cannot be limited – as I think of those tremendous advances 

that science has made in the past and the great advances that I hope it is going to 

make in the future, I am so fascinated by them that I feel how much better it would 

have been for me to be the Director of this Laboratory, if I had the competence, than 

to be the Prime Minister. 

- Pandit Nehru

“

“
Nation Building: Sardar Vallabhbhai Patel, Deputy Prime 

Minister of India inaugurating the Laboratory. Pandit Nehru, 

Prime Minister of India also seen in the picture

Pleasant Memories: Pandit Nehru, Smt.Vijayalaxmi Pandit, 

young Rajiv Gandhi and Sanjay Gandhi with Dr. S. S. 

Bhatnagar in NPL

The First Visitors: Sardar Vallabhbhai Patel, Dr. Shyama 

Prasad Mookerjee and Dr. S. S. Bhatnagar during the 

inaugural ceremony on January 21, 1950

Laboratory Opens: Sir C. Rajagopalachari speaking on the occasion of the opening ceremony of the Laboratory on January 21, 1950
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 1.   INTRODUCTION

etrology �s the sc�ence of measurement. It also 

ensures that a measurement meets the degrees of 

uncerta�nty and prec�s�on spec�f�ed by well-def�ned 

standards. The Nat�onal Phys�cal Laboratory 

(NPL) �s the des�gnated Nat�onal Metrology Inst�tute (NMI) of 

Ind�a.  As mandated by the Government of Ind�a, under The 

Standards of Weights and Measures Act of 1��6 and 1�76, 

and the rev�sed Rules of 1��� framed for the purpose of the 

Act, all phys�cal measurements made �n the country should 

be traceable, through an unbroken cha�n of cal�brat�ons, to 

the nat�onal standards of measurements ma�nta�ned at the 

NPL. The Government has thus ass�gned the respons�b�l�ty 

to the Laboratory to carry out the work related to real�zat�on, 

establ�shment, custody, ma�ntenance, reproduct�on and 

updat�ng of the nat�onal standards of we�ghts and measures 

that represent the ‘un�ts’ related to all phys�cal parameters 

accord�ng to the Internat�onal System of Un�ts (the SI Un�ts), 

except for the un�t for ‘�on�z�ng rad�at�on’, wh�ch �s be�ng 

ma�nta�ned at the Bhabha Atom�c Research Centre (BARC), 

Mumba�.  G�ven th�s mandate, �t has been NPL’s object�ve to 

ass�st the �ndustr�es and other agenc�es of the country �n the�r 

requ�rements of prec�s�on measurements and cal�brat�on of 

�nstruments, as well as �n the development of related dev�ces, 

processes and techn�ques.

Under �ts standards act�v�ty, the NPL has real�zed s�x ‘Base 

Un�ts’; namely, metre (for length), kilogram (for mass), second 

(for t�me), kelvin (for temperature), ampere (for current) and 

candela (for lum�nous �ntens�ty). The work on the establ�shment 

of the seventh base un�t of mole (for amount of substance) �s �n 

progress. Nat�onal standards and apex cal�brat�on fac�l�t�es for a 

large number of parameters have also been establ�shed  at the 

NPL. Ant�c�pat�ng the grow�ng metrolog�cal needs of the country’s 

R&D organ�zat�ons, cal�brat�on and test�ng laborator�es, �ndustr�es 

and academ�c �nst�tut�ons, the cal�brat�on and measurement 

capab�l�t�es at the NPL are be�ng upgraded through cont�nuous 

R&D efforts. Traceab�l�ty of standards to SI un�ts �s ach�eved 

e�ther by cal�brat�ons performed at the NPL or by gett�ng some 

of the standards cal�brated from Bureau Internat�onal des Po�ds 

et Mesures (BIPM), the Internat�onal Bureau of We�ghts and 

Measures, or the NMI of another country that has ach�eved less 

uncerta�nty �n the value of a standard. Equ�valence of these 

nat�onal standards w�th �nternat�onal standards �s ach�eved by 

part�c�pat�ng �n �nternat�onal �ntercompar�sons of standards. The 

present status of the nat�onal standards ma�nta�ned at the NPL 

�s g�ven �n Annexure to th�s chapter.

The NPL �s also a s�gnatory to the Mutual Recogn�t�on 

Arrangement (MRA) of Com�te Internat�onal des Po�ds et Mesures 

(CIPM), the Internat�onal Comm�ttee for We�ghts and Measures, 

for the nat�onal measurement standards and for cal�brat�on and 

measurement cert�f�cates �ssued by the NMIs. The deta�ls of the 

present cal�brat�on and measurement capab�l�t�es (CMCs) �n 

var�ous parameters at the NPL and the results of �nternat�onal 

�ntercompar�sons are respect�vely ava�lable �n Append�ces C 

and B of the Key Compar�son Database (KCDB) at the BIPM 

webs�te: www.b�pm.org. The nat�onal measurement standards 

ma�nta�ned at the NPL and the cal�brat�on cert�f�cates �ssued by 

the Laboratory are, therefore, �nternat�onally recogn�zed. They 

also thus meet the requ�rements of ISO-IEC 1702�:200�, wh�ch 

helps �n overcom�ng the Techn�cal Barr�ers to Trade (TBTs) 

under the treaty of the World Trade Organ�zat�on (WTO). 

NPL AS CENTRE OF METROLOGY
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  2.  HISTORICAL BACKGROUND 
    

Work relat�ng to the establ�shment and the d�ssem�nat�on of 

standards was �dent�f�ed as one of the key act�v�t�es at the NPL 

even at �ts plann�ng stage �n 1���. In the beg�nn�ng, Dr. K. S. 

Kr�shnan, the Laboratory’s founder-d�rector, accorded pr�or�ty 

to establ�sh�ng fac�l�t�es for real�z�ng the three fundamental un�ts 

of ‘mass’, ‘length’ and ‘t�me’. These were establ�shed under 

the gu�dance of Mr. Prem Prakash and the actual test�ng and 

cert�f�cat�on work began �n October 1��3. Metrology related 

R&D act�v�t�es were also started �n parallel. Later, other phys�cal 

standards �n the form of standard cells, standard res�stance co�ls, 

standard lamps, etc. were acqu�red and cal�brat�on and test�ng 

work were started �n these areas also. 

In January 1�63, after rev�ew�ng the work�ng of the Laboratory, 

Nobel Laureate P. M. S. Blackett recommended the follow�ng: “The 

major role of the NPL over the next decade should be �n the f�elds 

of standards and test�ng commerc�ally manufactured �nstruments, 

equ�pment and apparatus. At present the ma�ntenance of the 

standards and the test�ng �n the Ind�an NPL �s spread over the 

follow�ng d�v�s�ons: We�ghts & Measures, Acoust�cs, Heat & 

Power, Electr�c�ty, Electron�cs, Appl�ed Mechan�cs and Opt�cs. 

It should seem advantageous to group together �n one powerful 

d�v�s�on all the work both on ma�ntenance of standards and on the 

rout�ne test�ng of �nstruments. These sect�ons should be phys�cally 

grouped together �n one w�ng of the Laboratory under a s�ngle 

D�rector, preferably w�th no other respons�b�l�t�es”. Consequent to 

Blackett’s recommendat�on, all the act�v�t�es were consol�dated 

under one Standards D�v�s�on.  

 3.  ESTABLISHMENT OF NEW STANDARDS,        
UPGRADATION OF EXISTING STANDARDS      

 AND APEX  CALIBRATION FACILITIES

Establ�sh�ng new fac�l�t�es for standards relat�ng to d�fferent 

parameters and lower�ng the measurement uncerta�nty 

assoc�ated w�th the standards have been cont�nu�ng act�v�t�es at 

the NPL. In the 1�70s, equ�pment and fac�l�t�es for the pr�mary 

electr�cal and electron�c standards were augmented w�th support 

REALIZATION OF BASE UNITS AT NPL

* Unless stated otherwise, uncertainty in measurements reported in this chapter is at a ‘coverage factor’ k=2, which for normal or 
Gaussian statistical distribution corresponds to a confidence level of 95.45%

Z
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from the Department of Electron�cs (now called the M�n�stry of 

Commun�cat�ons and Informat�on Technology). Pressure and 

vacuum measurements and surface analyt�cal techn�ques were 

upgraded w�th ass�stance from the UNDP.  Collaborat�ve act�v�t�es 

s�nce 1��� under the Indo-US Jo�nt Sub Comm�ss�on have 

�ncluded the areas of mass, length, t�me & frequency standards, 

DC standards, pressure and vacuum standards and surface 

analyt�cal techn�ques. Equ�pment l�ke the calculable capac�tor and 

the F�zeau Interferometer have been set up w�th support from the 

Nat�onal Phys�cal Laboratory of the U. K. Under the Indo-USSR/

Russ�an Integrated Long Term Programme (ILTP), �n operat�on 

s�nce 1���, the Laboratory �s pursu�ng a collaborat�ve programme 

on R&D �n laser frequency standards.

The collaborat�on w�th Phys�kal�sch-Techn�sche Bundesanstalt 

(PTB), the German nat�onal standards laboratory, deserves 

spec�al ment�on.  Under Phase-1 of th�s programme, wh�ch 

started �n 1�71, the NPL had set up the 1 MN (106 Newton) dead 

we�ght cum lever mult�pl�cat�on system for establ�sh�ng the force 

standard.  A major support was also rece�ved for augment�ng the 

acoust�cal standards and related cal�brat�on fac�l�t�es, as well as 

some ass�stance for electr�cal standards and length standards. 

Under Phase-2, wh�ch started �n 1���-�0, a new fac�l�ty for flu�d 

(water) flow measurements has been set up. The other parameters 

for wh�ch the measurement standards and cal�brat�on fac�l�t�es 

were augmented under th�s programme �nclude: electr�cal and 

electron�c measurements such as Josephson Voltage Standard, 

AC power, energy and h�gh voltage, low frequency and h�gh 

frequency (LF & HF) �mpedance standards as well as HF and 

m�crowave standards; magnet�c standards; thermometry and 

pyrometry; force measurements; mass, dens�ty and v�scos�ty 

measurements; length standards and d�mens�onal metrology; 

and, photometry and rad�ometry.   

 4.   ACTIVITIES IN METROLOGY

The act�v�t�es related to mass, length and t�me standards, as ment�oned 

earl�er, were started r�ght from the t�me of �ncept�on of the Laboratory. 

In due course, act�v�t�es related to standards and cal�brat�on of many 

other parameters were �n�t�ated. Today, the standards work at the 

NPL encompasses a range of phys�co-mechan�cal, electr�cal and 

electron�c and chem�cal measurements. 

Physico-Mechanical Standards

• Mass, Volume, Dens�ty and V�scos�ty 

• Length and D�mens�on 

• Temperature and Hum�d�ty 

• Opt�cal Rad�at�on 

• Force, Torque and Hardness   

• Vacuum and Pressure 

• Acoust�cs 

•  Flu�d Flow 

• Ultrason�cs 

Electrical and Electronic Standards    

• T�me and Frequency 

• Josephson Voltage, DC Voltage, Res�stance and Current

• DC H�gh Voltage

• Quantum Hall Res�stance 

• AC Power and Energy

• AC H�gh Current and H�gh Voltage 

• LF & HF Impedance 

• LF & HF Voltage, Current and RF Power  

• RF Attenuat�on and Impedance 

• Magnet�c Standards 

• B�o-Med�cal Measurements

Chemical Metrology

• Cert�f�ed Reference Mater�als

4.1 Physico-Mechanical Standards

4.1.1 Mass, Volume, Density and Viscosity 
Standards

Mass

In the year 1��7, the Government of Ind�a s�gned the Convention 

of the Metre and Ind�a was g�ven Copy No. �7 of the Internat�onal 

Prototype K�logram, wh�ch serves as our pr�mary standard of mass. 

The NPL also ma�nta�ns the nat�onal standards of parameters 

related to mass, such as volume, dens�ty and v�scos�ty.

The nat�onal prototype k�logram has been re-cal�brated at BIPM, 

France, three t�mes s�nce 1��7 w�th the follow�ng mass values :
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Wh�le the un�t of mass �s def�ned at the one k�logram level, 

the mass scale must be real�zed over a range broad enough 

to be of pract�cal use �n commerce and manufactur�ng. The 

f�rst stage �n the real�zat�on of the mass scale �s to d�ssem�nate 

the un�t from the Internat�onal Prototype K�logram to the 

Nat�onal Pototype K�logram followed by a set of four transfer 

standards at the one k�logram level. The transfer from the 

nat�onal standard to four 1 kg we�ghts, two of wh�ch are made 

of n�ckel-chrom�um alloy and two of sta�nless steel, �s carr�ed 

out us�ng computer�zed HK1000 Mass Comparator. These 

transfer standards are used to d�ssem�nate 1 kg to mult�ples 

and submult�ples of the k�logram cover�ng the range from 1 

mg to 2000 kg. Th�s d�ssem�nat�on �s be�ng done us�ng well 

def�ned �nternat�onally accepted cal�brat�on procedures. 

The National Prototype Kilogram is Copy No. 57 of the international Prototype 

Kilogram (base unit of mass), which serves as the Primary Standard of 

Mass of the country. It is traceable to the international standard and is kept 

under the custody of NPL

HK 1000 Mass Comparator is an automated computer controlled balance 

used to calibrate highest accuracy class 1 kg weights against the National 

Prototype Kilogram. Maintaining the traceability of the standard of mass at 

1 kg level and its downward dissemination up to 1 mg is the main task of 

NPL

 Year of  Re-calibrated Mass Value Combined Standard

 Calibration Against International Uncertainty

   Prototype Kilogram (k = 1)  

 1985 999.999978 g 0.008 mg

 1992 999.999964 g   0.0023 mg

 2002 999.999956 g  0.005 mg

MASS VALUES OF NATIONAL PROTOTYPE KILOGRAM 
AFTER RECALIBRATION AT BIPM
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Volume

Volume standards at the NPL are real�zed from the mass standard 

as follows. In the case of sol�ds, the volume �s determ�ned 

by hydrostat�c we�gh�ng. In the case of l�qu�ds, cal�brated 

volumetr�c measures are used. The capac�t�es of volumetr�c 

measures are �n turn determ�ned e�ther by grav�metr�c method 

or by volumetr�c compar�son. For cal�brat�on of large volumetr�c 

measures, a h�gh prec�s�on 600 kg two-pan mechan�cal 

balance and a 2000 kg electron�c balance are used, wh�ch 

are capable of g�v�ng an uncerta�nty of 0.1% to 0.001%. The 

volume standards are thus traceable to the un�t of mass. 

Density 

All dens�ty measurements requ�re two measurements, namely of 

mass and of volume.  Thus, dens�ty measurement �s traceable 

to mass and dens�ty of water.  Dur�ng 1���-�6, a sol�d body of 

known mass and volume, der�ved d�rectly �n terms of base un�t 

of mass (kg) and length (m), was establ�shed at the NPL as 

the dens�ty reference standard. It �s based on a glass cyl�nder, 

des�gned and fabr�cated �n-house, whose volume has been 

compared w�th the volume standard of CSIRO, Austral�a. A 

thermostat�c bath and a h�gh prec�s�on balance are employed 

to develop an open scale short range hydrometer w�th a 

readab�l�ty of 0.000001g/cm3. Th�s hydrometer was used to 

cal�brate NPL’s standard hydrometers, wh�ch �n turn are used 

for cal�brat�ng var�ous types of hydrometers used �n sugar, 

alcohol, m�lk, petroleum and other �ndustr�es. Later, �n 1���-

��, a computer controlled and fully automat�c fac�l�ty for sol�d 

dens�ty measurement us�ng the hydrostat�c we�gh�ng system 

was des�gned and developed at the NPL. W�th th�s fac�l�ty, 

pr�mary sol�d dens�ty standard �s real�zed w�th a measurement 

uncerta�nty of 1 ppm. From th�s pr�mary sol�d dens�ty standard, 

transfer dens�ty standards have been generated w�th an 

uncerta�nty of 3 ppm. Bes�des ma�nta�n�ng the sol�d dens�ty 

standard, the NPL also carr�es out dens�ty measurements, 

cal�brat�on of reference standard hydrometers us�ng the sol�d 

dens�ty standard and cal�brat�on of dens�ty meters us�ng 

standard l�qu�ds.

Viscosity

A v�scos�ty scale �n the range from 1 mm2/s to 30000 mm2/s has 

been establ�shed us�ng water as the pr�mary standard. A ser�es 

of v�scometers and v�scos�ty o�ls of known v�scos�t�es have thus 

been standard�zed. Var�ous types of glass cap�llary v�scometers 

l�ke U-tube (d�rect and reverse flow) and suspended level 

v�scometers are cal�brated by compar�son method.

4.1.2 Length and Dimension Standards

Accurate measurement of length �s of as much �mportance to 

common day-to-day appl�cat�ons as �t �s to sc�ence, technology 

and �ndustr�al act�v�t�es. D�mens�onal Metrology refers to 

the sc�ence of measurement of length, w�dth, he�ght, angle, 

roundness, surface f�n�sh, flatness, form dev�at�ons and screw 

threads and the�r traceab�l�ty to standards. S�nce 1��7, ‘metre’ 

�s be�ng real�zed and length standards traceable to the SI un�t 

of metre are be�ng ma�nta�ned at the NPL.

The Laboratory has been follow�ng the changes �n the def�n�t�on 

of the un�t and the �nternat�onal recommendat�on for the 

The set-up for solid density standard is a computer controlled fully automatic 

solid density measurement facility using hydrostatic weighing system. With 

this facility primary solid density standard traceable to the national standard 

of mass and density of pure distilled water has been realised
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real�zat�on of ‘metre’ very closely.  In�t�ally, �n accordance w�th 

the def�n�t�on at that t�me, the plat�num-�r�d�um (Pt-Ir) metre bar 

(copy No. � of �nternat�onal prototype) was obta�ned to real�ze 

the un�t. Th�s was suppl�ed by BIPM and was used as the 

pr�mary standard. Later on, the wavelength of orange rad�at�on 

from the krypton (�6Kr) lamp was used to real�ze the un�t 

metre, wh�ch was �n use t�ll 1��3. In the mean t�me, sc�ent�sts 

worldw�de were mak�ng efforts to develop frequency-stab�l�zed 

lasers and d�scuss�ons were on to change the def�n�t�on of 

‘metre’. In v�ew of these developments, the NPL undertook the 

task of develop�ng the �od�ne (127I2) frequency stab�l�zed He-Ne 

laser as the bas�s for the def�n�t�on of ‘metre’, and successfully 

real�zed �t by 1�7�. In 1��2, the Laboratory part�c�pated �n the 

�ntercompar�son of �od�ne frequency stab�l�zed lasers under 

the aeg�s of BIPM. 

The new def�n�t�on of ‘metre’ – namely, “the d�stance travelled 

by l�ght �n vacuum �n 1/2��7�2��� fract�ons of a second” -- 

became effect�ve �n 1��3. Follow�ng CIPM’s recommendat�ons, 

the NPL has used �od�ne (127I2) frequency stab�l�zed He-Ne 

laser, w�th a vacuum wavelength of 633 nm, to real�ze the 

un�t metre �n the country. At present, a commerc�al model of 

the laser �s be�ng used to real�ze the same. Th�s standard �s 

also be�ng used for the cal�brat�on of frequency and vacuum 

wavelength of ‘frequency stab�l�zed lasers’, wh�ch are used �n 

�nterferometers etc. 

Interferometers are the f�rst l�nk between the def�n�t�on of metre 

based on frequency stab�l�zed laser and length measur�ng 

art�facts and mach�nes. For traceab�l�ty to the un�t metre, the NPL 

employs a Gauge Block Interferometer, a flatness measur�ng 

�nterferometer and a d�stance measur�ng �nterferometer. Angle 

measurements were started at the NPL �n 1���. Fac�l�t�es for 

‘roundness’ and ‘roughness’ measurements were started �n 

1���. Us�ng these, the NPL has been prov�d�ng apex level 

cal�brat�on serv�ces to the �ndustry and other organ�zat�ons for 

the var�ous length-related parameters.  

The fac�l�t�es at the NPL have been upgraded from t�me to t�me 

as per the grow�ng requ�rements of the Ind�an �ndustry and other 

organ�zat�ons. Establ�shment of fac�l�t�es l�ke the Automat�c 

Gauge Block Interferometers, Three D�mens�onal Coord�nate 

Measur�ng Mach�ne, Autocoll�mators, Length Measur�ng 

Mach�ne and Laser Dynam�c Cal�brators are �llustrat�ve of the 

evolut�on of standards act�v�t�es at the NPL w�th the chang�ng 

needs of the �ndustry.

G�ven the recent developments �n nanotechnology, and the need 

for related metrology serv�ces, a programme on nanometrology 

has been �n�t�ated at the NPL to develop nat�onal standards 

and �nfrastructure for nanoscale measurements. The a�m �s 

to prov�de traceab�l�ty to the cal�brat�ons of Scann�ng Probe 

M�croscopes (SPMs) and other �nstruments and dev�ces used 

by R&D organ�zat�ons and �ndustr�es for measur�ng l�ne w�dth, 

step he�ght, surface texture etc.  

Iodine frequency stabilized He-Ne Laser, used 

for practical realisation and dissemination of 

unit ‘metre’

Automatic Gauge Block Interferometer, the 

first link between definition of unit metre and 

length measuring artifacts - Gauge Blocks 

upto 300 mm

Three Dimensional Coordinate Measuring 

Machine (850 mm x 1200 mm x 600 mm), 

used to disseminate traceability to various 

standard artifacts, and instruments of 

industrial dimensional metrology. It is capable 

of measuring profiles, curvatures, angularity, 

flatness, deviation from roundness etc.
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4.1.3 Temperature and Humidity Standards

Temperature

Temperature �s one of the most w�dely used phys�cal (base) 

quant�t�es. Temperature can be def�ned �n terms of any of the 

follow�ng: length of mercury column �n a cap�llary tube, the 

electr�cal res�stance of a plat�num w�re, the pressure of an �deal or 

a non-�deal gas, the equ�l�br�um pressure of a gas above a bo�l�ng 

l�qu�d, the thermoelectr�c electromot�ve force (emf) between two 

d�ss�m�lar metals (the thermocouple), the speed of sound �n a 

gas, the magnet�c suscept�b�l�ty of a paramagnet�c salt or the 

spectral concentrat�on of rad�at�on of a rad�at�ng body.

Work on thermometry was started at the NPL around 1��3 w�th 

the help of some low accuracy l�qu�d-�n-glass thermometers 

traceable to the NPL, U.K. Thermometer comparator baths 

us�ng water and o�l were developed and cert�f�cat�on of a few 

thermometers were started at that t�me. Later on, the l�qu�d 

f�lled glass thermometers were cal�brated at the NPL aga�nst 

the plat�num res�stance thermometer (PRT) standard, wh�ch 

the NPL had rece�ved under the Canad�an a�d programme. At 

present, the laboratory has the cal�brat�on fac�l�ty for prec�s�on 

glass thermometers �n the range from – �0 0C to 300 0C w�th 

both �mported and �nd�genously developed automat�c prec�s�on 

l�qu�d baths.

The act�v�ty of plat�num res�stance thermometry started �n the late 

1�60s to real�ze and ma�nta�n the then prevalent Internat�onal 

Temperature Scale of 1��� (ITS-��). Several furnaces were 

made for real�z�ng some f�xed po�nts, such as the bo�l�ng po�nt 

of water (100 0C) and sulphur po�nt (���.6 0C). The ITS-�� 

was amended by BIPM �n the year 1�60 as the Internat�onal  

Pract�cal Temperature Scale of 1��� (IPTS-��) and adopted 

the tr�ple po�nt of water (273.16 K or 0.01 0C) as a sole po�nt 

def�n�ng Kelv�n, the un�t of thermodynam�c temperature. In the 

m�d-1�70s, a new amended scale known as the Internat�onal 

Pract�cal Temperature Scale of 1�6� (IPTS-6�), was adopted 

by BIPM. Graph�te cells for f�xed po�nts as def�ned by IPTS-

6� were developed and real�zed to cover the scale from the 

tr�ple po�nt of oxygen (��.361 K or -21�.7�� 0C) to the freez�ng 

po�nt of ant�mony (630.7� 0C). The work on the construct�on of 

standard plat�num res�stance thermometer (SPRT), the def�n�ng 

�nstrument of IPTS-6�, was also started. The tr�ple po�nt of 

water (273.16 K) and the freez�ng po�nts of t�n (231.�6�1 0C) 

and z�nc (�1�.�� 0C), as def�ned on IPTS-6�, were also real�zed 

to ma�nta�n the temperature scale from tr�ple po�nt of water 

to freez�ng po�nt of z�nc. The temperature scale was aga�n 

amended �n 1��0 when the Internat�onal Temperature Scale 

of 1��0 (ITS-�0) was adopted. Sealed cells of freez�ng po�nts 

of t�n, z�nc, alum�n�um (660.323 0C), s�lver (�61.7� 0C) and the 

tr�ple po�nts of water and mercury (23�.31�6 K), along w�th 

the�r real�zat�on furnaces, were used to real�ze ITS-�0 from the 

bo�l�ng po�nt of n�trogen (77 K) to the s�lver po�nt. Recently, the 

tr�ple po�nt of argon (�3.�0�� K) was added to cover the range 

from the argon tr�ple po�nt to the s�lver po�nt. 

Thermocouple thermometry �s another �mportant act�v�ty of 

temperature standards, wh�ch was started dur�ng the 1�60s. 

Thermocouples are the most common temperature sensors �n 

�ndustr�al use. In fact, the noble metal Type-S (Pt/Pt-10%Rh) 

thermocouple was one of the def�ned pr�mary standards of 

IPTS-6� �n the range from the ant�mony po�nt (630.7� 0C) to the 

gold po�nt (106�.�3 0C).  In ITS-�0, BIPM removed the noble 

metal Type-S thermocouple from the scale and �nstead adopted 

a h�gh temperature plat�num res�stance thermometer (HTPRT), 

Experimental set-up for calibration of liquid-in-glass thermometers against 

standard platinum resistance thermometer (SPRT) using high stability 

temperature liquid baths in the range -90 0C to 300 0C

Experimental set-up for comparison calibration of noble metal thermocouples 

using high temperature horizontal furnace in the range 100 0C - 1000 0C
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wh�ch �s more accurate than a Type-S thermocouple, as the 

def�ned standard.  To cal�brate thermocouples up to 1000 0C, 

both by f�xed po�nt as well as by compar�son methods, the cells 

were used for the f�xed po�nts of ant�mony and s�lver, wh�le w�re 

br�dge method was used for the gold po�nt.  The cal�brat�on 

fac�l�ty for noble metal thermocouples at f�xed po�nts as def�ned 

�n ITS-�0 – namely, the freez�ng po�nts of �nd�um (1�6.���� 
0C), t�n (231.�2� 0C), z�nc (�1�.�27 0C), alum�n�um (660.323 
0C) and s�lver (�61.7� 0C) -- was establ�shed dur�ng the year 

1��0-�� by fabr�cat�ng �nd�genously made graph�te f�xed po�nt 

cells.  Sealed cells of z�nc, alum�n�um, s�lver and copper po�nts 

have recently been rece�ved to extend the cal�brat�on range for 

noble metal thermocouples from the ex�st�ng l�m�t (of 1000 0C) 

to 1600 0C after establ�sh�ng the pallad�um po�nt (1���.� 0C).

H�gh temperature rad�at�on pyrometry was started dur�ng 

the m�d-1��0s when a h�gh prec�s�on Photoelectr�c L�near 

Pyrometer (PEP) was procured from M/s IKE, Germany for 

real�z�ng ITS-�0 and h�gh temperature cal�brat�on for �ndustr�al 

lamps and opt�cal pyrometers �n the range 1000 0C - 1�00 0C. 

The freez�ng po�nt of copper (10��.62 0C) was real�zed by 

photoelectr�c l�near pyrometer us�ng copper po�nt blackbody. 

A set of four h�gh stab�l�ty tungsten str�p lamps was rece�ved 

under the NPL-PTB Techn�cal Cooperat�on Programme �n 1��2 

for the cal�brat�on of opt�cal pyrometers and tungsten str�p 

lamps for the �ndustry �n the range 1000 0C - 2200 0C. Recently, 

the Laboratory has procured a s�lver po�nt blackbody to 

establ�sh the pr�mary standards of temperature above �61.7� 
0C by rad�at�on pyrometry.

Humidity

Hum�d�ty �s an �mportant parameter �n da�ly l�fe. The need for 

accurate measurement of relat�ve hum�d�ty (RH) was felt and 

the act�v�ty of hum�d�ty standards was started �n the year 1��6. 

An asp�rated psychrometer, wh�ch cons�sts of a pa�r of matched 

and prec�se quartz thermometers to act as dry and wet bulb 

thermometers, �s used as the Reference Hum�d�ty Standard. 

The Laboratory can now generate and measure RH �n the 

range 1�% to ��% w�th an uncerta�nty of 1%. Portable hum�d�ty 

generator and a s�mple and compact dew po�nt generator have 

also been developed at the NPL. The two-pressure cum two-

temperature RH generator w�ll be used as Reference Hum�d�ty 

Standard �n the future. 

Experimental set-up for calibration of high stability tungsten strip lamps/

optical pyrometers by comparison against standard photoelectric radiation 

pyrometer (PERP) in the range 1000 0C to 2200  0C

Temperature calibration liquid baths (range -20 oC to 300 oC), designed, 

developed and patended by NPL,  and commercially produced by an industry. 

These baths are used for calibration of different types of thermometers 
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4.1.4 Optical Radiation Standards

‘Candela’ (cd), the base un�t for opt�cal rad�at�on, �s one of the 

seven base un�ts under the SI un�ts. Though the early real�zat�on 

of the un�t was based on standard lamps, known as W� �1G 

lamps, wh�ch were cal�brated by the NPL, U.K. and PTB, 

Germany, the ma�n emphas�s was on the cal�brat�on of lamps 

for lum�nous flux, wh�ch �s .the most �mportant photometr�c 

un�t.  Th�s was ma�nly for cater�ng to the needs of the Ind�an 

lamp and l�ght�ng �ndustry, wh�ch �s one of the b�ggest and 

most developed �ndustr�al sectors �n the country today. 

Cal�brated lamps for lum�nous flux were procured from BIPM 

and these were used as reference standards for the cal�brat�on 

of �ncandescent lamps. At present, gon�ophotometer �s used 

for mak�ng absolute flux standard for �ncandescent lamps, 

fluorescent lamps, h�gh-pressure sod�um and mercury lamps 

produced by the �ndustry. A large number of lum�na�rs and 

floodl�ghts were also tested for the �ndustry. 

W�th the redef�n�t�on of candela �n 1�73, and the �ntroduct�on 

of detector-based rad�ometry to real�ze the base un�t, the 

NPL establ�shed the scale of opt�cal rad�at�on �n the form of 

an absolute rad�ometer, wh�ch �s a self-cal�brat�ng dev�ce. 

The base un�t candela �s der�ved by we�ght�ng the rad�ometr�c 

quant�ty ‘rad�ant �ntens�ty’ by the human eye response funct�on. 

In recent years the source-based rad�ometry �s be�ng pursued 

and the scale of opt�cal rad�at�on �s be�ng establ�shed �n the 

form of a var�able temperature black body (1�00 K - 3200 K). 

Reference (National) Humidity Standard [An aspirated psychrometer] used 

to calibrate hygrometers in the range of 15% to 95% Relative Humidity

The first indigenous portable humidity generator based on two-

pressure technique capable of generating Relative Humidity of 

15% to 95%

A set of luminous intensity standard lamps which are used for maintaining 

the base unit ‘candela’ and for calibrating sources for luminous flux as well 

as for quality control of lamp and lighting products



3�

At present, reference scales of lum�nous �ntens�ty, lum�nous 

flux, lum�nance, �llum�nance, colour temperature, spectral 

rad�ance, spectral �rrad�ance and cal�brat�on fac�l�t�es �n 

the spectral reg�ons of UV-A, UV-B and UV-C are be�ng 

ma�nta�ned at the NPL.

The Laboratory has been extend�ng fac�l�t�es for cal�brat�ng 

photometr�c parameters to var�ous lamp and l�ght�ng �ndustr�es, 

R&D �nst�tut�ons etc. W�th the �ncreas�ng use of l�ght em�tt�ng 

d�odes (LEDs) �n l�ght�ng appl�cat�ons, R&D on the photometr�c 

character�st�cs of LEDs, �nclud�ng the�r colour character�st�cs 

and wavelength and �ntens�ty var�at�ons depend�ng on 

env�ronmental cond�t�ons, �s be�ng carr�ed out.  

4.1.5 Force, Torque and Hardness 
Standards

The most �mportant parameters assoc�ated w�th the 

measurement of heavy loads, tens�on �n cranes, thrusts 

generated �n var�ous motors, strength of mater�als etc. are 

force and torque. L�kew�se, hardness �s a property of mater�als 

that character�zes the wear and abras�on res�stance of the 

mater�al surface and �s of utmost �mportance �n mach�nery 

hav�ng mov�ng parts w�th close tolerances. Accurate and 

rel�able measurements of these �n the �ndustry are, therefore, 

essent�al.  

Force

The act�v�ty on force standard was started at the NPL way back 

�n the 1�60s. At that t�me, the act�v�t�es related to measurement 

of force �ncluded the test�ng of mechan�cal parameters of 

d�fferent mach�nery and cal�brat�on of dynamometers us�ng 

hydraul�c mach�nes of low accuracy.  A 3-tonne dead we�ght 

force mach�ne was des�gned and developed �n-house �n 1�67. 

W�th �ncrease �n the demand for force cal�brat�on over a greater 

range, and w�th h�gher accuracy, work towards establ�sh�ng 

a force standard was started around 1�73-7�. The force 

cal�brat�on fac�l�ty was extended to 20000 k�logram-force (kgf) 

�n 1�7� us�ng the method of ‘hydraul�c mult�pl�cat�on’ w�th 0.1% 

uncerta�nty. In the year 1��0, the force standard act�v�ty at the 

NPL got a major boost when a 1 MN (106 Newton) force standard 

was rece�ved as a g�ft from PTB, Germany.  Th�s mach�ne has 

rema�ned t�ll date the nat�onal standard of force up to 1 MN. 

Force values up to 100 kN can be real�zed us�ng dead we�ghts 

and up to 1 MN w�th ‘lever mult�pl�cat�on’ w�th an uncerta�nty of 

0.003% and 0.012% respect�vely. 

As the 1 MN nat�onal standard of force could not be used for 

frequently performed rout�ne cal�brat�ons, a comparator system 

up to �00 kN w�th an uncerta�nty of 0.02�% was establ�shed 

�n 1��� to serve as a work�ng standard. Dur�ng 1��0-�3, the 

hydraul�c mult�pl�cat�on system of 1 MN w�th an uncerta�nty of 

0.02% was establ�shed under a collaborat�ve venture between 

the NPL and M/s. Fuel Instruments and Eng�neers (FIE), 

Ichalkaranj�. The mach�ne was des�gned at the NPL and the 

f�rm FIE fabr�cated �t. In order to extend the range of force 

measurement beyond 1 MN to meet the demand from user 

�ndustr�es, a PTB g�fted force mach�ne of 3 MN was �nstalled 

and comm�ss�oned �n 1���-�6.

Variable temperature blackbody is the primary standard for establishing the 

scale of optical radiation with reduced uncertainty in the measurement of 

photometric parameters

The force primary standard received under PTB Technical Program in 1980 

is used to provide the traceability of force measurements to the NMIs of 

neighbouring and West Asian countries besides organisations and industries 

within India
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It �s proposed to establ�sh the force pr�mary standards to 

real�ze force �n the sub-Newton range and the force secondary 

standards to cal�brate forces �n the m�cro and nano-Newton 

range needed for future demands �n nanotechnology, 

m�croelectron�cs, med�cal dev�ces, etc. 

Load Cell Calibrator

The use of non-standard load cells �n we�gh�ng �nstruments 

results �n �naccurate measurements and large ma�ntenance 

costs.  Hence, to meet the requ�rement of standard�zat�on 

of load cells, the Laboratory has des�gned, developed 

and fabr�cated a few fully automat�c dead we�ght load cell 

cal�brators for the Reg�onal Reference Standard Laborator�es 

(RRSL) of the M�n�stry of Consumer Affa�rs, Food and Publ�c 

D�str�but�on.  The mach�ne has a capac�ty of �00 kg and an 

uncerta�nty of 0.00�% throughout the range of measurement.

   

Force Transducers/Load Cells 

Commerc�al product�on of d�g�tal force transducer/load cells 

based on the technology developed at the NPL by an Ind�an 

entrepreneur has helped to replace the ex�st�ng analogue 

type force prov�ng �nstruments. The �nstrument’s d�g�tal output 

fac�l�tates automat�on of the process. Its force measurement 

Automated load cell calibrator designed, developed and fabricated at NPL 

for Regional Reference Standard Laboratories (Ministry of Consumer 

Affairs) for the calibration of load cells used in commodity weighing in order 

to ensure consumer protection

Force transducer designed and developed at NPL and commercially 

produced by an industry has an edge over conventional analogue type of 

force proving rings, as these can measure forces over a wider range with 

better accuracy, and are easy to handle, operate and maintain

Hydraulic multiplication machine designed and developed at NPL to calibrate 

force transducers (proving rings, load cells, Amsler boxes etc.) upto 1000 

kN, which are used in the verification of testing machines
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has better accuracy, low subject�v�ty, h�gher resolut�on and h�gh 

repeatab�l�ty. Further, the load cells are l�ghtwe�ght and user 

fr�endly and can measure force over a w�de range. Or�g�nally 

developed as an �mport subst�tute, the product has a great 

export potent�al.  

Force measurement

The Ind�an Ra�lways �mported IR-WAP� eng�ne bog�es from 

ABB Da�mler Benz Transportat�on (ADTRANZ), Austral�a.  

Dur�ng normal operat�on, a bog�e developed cracks adjacent 

to a cover plate �n the p�vot transom.  The Ra�lways �ns�sted 

on ver�f�cat�on by an �ndependent agency to ensure that the 

vulnerable spots repa�red by weld�ng are durable. The NPL took 

up th�s challeng�ng work and performed the exper�ment on the 

bog�e dur�ng the normal run between New Delh� and Howrah. 

The data on stra�ns and deflect�on generated at all vulnerable 

spots dur�ng normal run of the bog�e were collected �n real t�me 

and the problem was �dent�f�ed, wh�ch was taken care of by the 

manufacturer to the sat�sfact�on of the Ra�lways.

Torque

The work on establ�sh�ng a torque standard was taken up dur�ng 

1��7 when, w�th the �ntroduct�on of the Marut� automob�le �n the 

market, there was a demand for prec�s�on cal�brat�on of torque 

measur�ng dev�ces. A torque pr�mary standard based on lever-

dead we�ght pr�nc�ple was set up to real�ze torque up to 2000 

Newton-metre (N.m) w�th an uncerta�nty of 0.0�%. In the recent 

past, a lever-dead we�ght type new torque pr�mary standard hav�ng 

an uncerta�nty of 0.01% up to 2000 N.m has been establ�shed 

Hardness

As �n the case of torque, the standard for hardness came to 

be establ�shed follow�ng a demand for prec�s�on cal�brat�on of 

hardness blocks from the �ndustry. In 2003, a state-of-the-art 

Rockwell hardness pr�mary standard us�ng dead we�ghts was 

comm�ss�oned for prov�d�ng hardness cal�brat�on serv�ce to 

the �ndustry. The other hardness standards, such as V�ckers 

and Br�nell’s, wh�ch are also w�dely used by the �ndustry, are �n 

the p�pel�ne and should be establ�shed shortly. 

4.1.6 Vacuum and Pressure Standards 

A host of product�on processes, technology serv�ces and 

R&D act�v�t�es cr�t�cally depend on accurate measurements of 

pressure and vacuum. Thus ma�nta�n�ng pressure and vacuum 

standards �s an �mportant component of a country’s econom�c 

act�v�ty and development. These also are very essent�al 

for human safety aga�nst hazards.  For example, opt�mum 

value of pressure �n an LPG cyl�nder for domest�c cook�ng or 

accurate cal�brat�on of a�rcraft alt�meters or correct pressure 

�n automob�le tyres are not only cr�t�cal but are also necessary 

for safety. 

Vacuum related act�v�t�es began at the NPL �n 1�66 when 

fac�l�t�es for cal�brat�ng var�ous types of vacuum gauges and 

study�ng the test character�st�cs of vapour d�ffus�on pumps, 

One of the Railway engine bogies imported by Indian Railway from M/s. 

ABB through their local representative M/s. ADTRANZ, India, was tested 

using strain and deflection measurements in real time between Delhi and 

Howrah at a few strategic points for the performance evaluation as per IR01-

26.0 & IR01-27.0 standards

The torque primary standard upto 2000 N.m to provide national traceability 

with improved uncertainty in torque measurement to automobile, civil 

aviation and power industries
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o�l rotary pumps etc. were establ�shed In the early 1�70s, 

pressure standard act�v�t�es were �ntroduced �n 1�7�. However 

�n 1�7�, g�ven the grow�ng demand of Ind�an Industr�es, the 

two related act�v�t�es of vacuum and pressure �n the Laboratory 

were brought under one umbrella and comb�ned fac�l�t�es for 

vacuum and pressure standards were establ�shed. 

Vacuum

Ultrasonic Interferometer Manometer

(1 Pa – 130 kPa)

The pr�mary pressure standard near the atmospher�c pressure 

reg�on �n the ‘absolute mode’ – referenced aga�nst a perfect 

vacuum – �s based on the Ultrason�c Interferometer Manometer 

(UIM). It has a range up to 130 kPa. The un�que feature of 

th�s manometer �s that the changes �n the he�ght of the l�qu�d 

columns are determ�ned by an ultrason�c techn�que. The 

resolut�on of th�s manometer �s few mPa and the measurement 

uncerta�nty �s 7.2 x 10-6 at full-scale pressure of 130 kPa. 

Static Expansion System

(10-4 Pa – 1000 Pa)

The pr�mary vacuum standard �n the low and med�um pressure 

range �s based on a Stat�c Expans�on System to cover a 

w�de low-pressure range from 1000 Pa down to 10-� Pa. The 

underly�ng pr�nc�ple �s the expans�on of gas from a small 

volume at a measurable h�gh pressure �nto a much larger 

volume, wh�ch has prev�ously been evacuated to a h�gh degree 

of vacuum.   The measurement uncerta�nty of th�s standard �s 

est�mated to be 0.�% to 1%. 

Dynamic (Orifice Flow) System

(10-1 Pa  – 10-6 Pa)

The pr�mary vacuum standard establ�shed for measurement 

�n the h�gh vacuum range (10-1 Pa down to 10-6 Pa) �s based 

Primary Pressure Standard in the absolute mode near atmospheric pressure 

region based on Ultrasonic Interferometer Manometer (UIM). This instrument 

is widely used in the calibration of altimeter of an aeroplane, blood pressure 

measuring device and in many more applications

Primary Vacuum Standard in the rough and medium pressure range based 

on Static Expansion System. This instrument is widely used in the calibration 

of vacuum gauges, which are used for food processing and preservation, 

chemical processing, metallurgical applications etc. 

Primary Vacuum Standard in the high vacuum range based on Orifice Flow 

Method (OFM). This instrument is widely used to calibrate high vacuum 

gauges which are useful for semiconductor/electronic industries, space 

programmes, information and communication technologies, etc. 
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on a dynam�c flow system known as the Or�f�ce Flow Method 

(OFM), wh�ch �s used to cal�brate h�gh vacuum gauges 

such as sp�nn�ng rotor gauges and �on�zat�on gauges. The 

measurement uncerta�nty of the system �s 2.0 %. 

Pressure

Pneumatic Pressure Standards

( 0.1 MPa - 5 MPa)

The pr�mary pressure standard �n the pneumat�c pressure 

range �n ‘gauge mode’ -- wh�ch �ncludes the value of the 

amb�ent pressure – �s known as the Controlled Clearance 

P�ston Gauge (CCPG). The measurement uncerta�nty w�th the 

pr�mary standard from 0.1 MPa to � MPa �s 16 x 10-6. However, 

the relat�ve expanded uncerta�nty w�th secondary standards 

based on th�s gauge from 0.1 MPa to 20 MPa �s 26 x 10-6. 

Hydraulic Pressure Standards

(10 MPa - 1000 MPa)

The Controlled Clearance P�ston Gauge (CCPG) forms the 

bas�s of the pr�mary pressure standard �n the hydraul�c h�gh-

pressure range too. The uncerta�nty w�th the pr�mary standard 

�s 20 x 10-6 �n the range 10 MPa to 100 MPa, 30 x 10-6 from 

100 MPa to 200 MPa and 60 x 10-6 from 200 MPa to �00 MPa. 

However, the relat�ve expanded uncerta�nty w�th secondary 

standards �s �2 x 10-6 from 10 MPa to 100 MPa and 6� x 10-6 

from 100 MPa to �00 MPa. The method of crossfloat�ng of two 

d�fferent secondary standards �n the hydraul�c pressure range 

has been w�dely used to d�ssem�nate the pressure scale to the 

user �ndustr�es.

Pressure Primary Standard for 0.1 Pa – 1 MPa

The pr�mary pressure standard based on ultrason�c 

�nterferometry to measure pressure �n the range 10 kPa to 1 MPa 

�n absolute, d�fferent�al and gauge modes w�ll be establ�shed. 

A force balance p�ston gauge w�ll also be establ�shed to 

measure pressure at lower values around 0.1 Pa.

 

4.1.7 Acoustic Standards

Early research �n acoust�cs at the NPL was ma�nly on ultrason�c 

propagat�on character�st�cs �n sol�ds and l�qu�ds. The scope 

was later d�vers�f�ed to �nclude acoust�cal standards, cal�brat�on, 

test�ng and evaluat�on of electro-acoust�c equ�pment and 

Primary pressure standard in the pneumatic pressure range in gauge mode 

- Controlled Clearance Piston Gauge (CCPG). This instrument is used to 

calibrate instruments which are used for measuring pressure in LPG and 

natural gas cylinders, tyre pressure of automobiles etc.

Method of crossfloating of two different secondary standards by which all pressure 

calibrations are carried out. This becomes an indispensable for modern development 

and production processes

Primary pressure standard in the hydraulic high pressure range - Controlled 

Clearance Piston Gauge (CCPG). This instrument is used for the calibration 

of high pressure gauges which are used in power generation, fertilizer, 

petrochemicals and gun & shell industries
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acoust�c products for the Ind�an �ndustry.  The NPL ma�nta�ns 

two pr�mary acoust�c standards; namely, for sound pressure and 

v�brat�on ampl�tude. The pr�mary standard of sound pressure �s 

ma�nta�ned through absolute cal�brat�on of laboratory standard 

m�crophones as per IEC 610��-2 �n the frequency range 20 

Hz - 2� kHz w�th an overall uncerta�nty of 0.0� to 0.1� dB. The 

pr�mary standard of v�brat�on ampl�tude �s ma�nta�ned through 

absolute cal�brat�on of standard accelerometers us�ng laser 

�nterferometr�c techn�que �n the frequency range � Hz - � kHz 

as per ISO 16063-11 w�th an overall uncerta�nty of 1%.

Noise and Vibration Measurements

In the late 1��0s, the NPL �n�t�ated sc�ent�f�c evaluat�on of 

env�ronmental no�se pollut�on �n the country w�th a systemat�c 

survey of no�se levels �n the c�t�es of Delh�, Mumba� and Kolkata.  It 

has carr�ed out measurements of no�se and v�brat�on �n �ndustr�es 

and has recommended measures to avo�d occupat�onal hazards. 

It was also �nvolved �n the study of �nduced structural v�brat�ons 

due to a�rcraft fly�ng over the temples of Khajuraho.

Recently, the Laboratory has been closely assoc�ated w�th the 

development and operat�on of Mass Rap�d Trans�t Systems 

(MRTSs) �n the country.  In the late 1��0s, the NPL undertook 

no�se and v�brat�on survey of the Kolkata under ground metro, 

the f�rst such ra�l system �n the country, and suggested poss�ble 

measures to m�n�m�ze the effects on publ�c and bu�ld�ngs. The 

Laboratory also carr�ed out sc�ent�f�c evaluat�on of poss�ble effects 

of the �nduced structural v�brat�ons �n the h�stor�c monuments near 

the metro tracks due to the construct�on of underground tunnels 

and the runn�ng of the Delh� metro. It was concluded these would 

not produce v�brat�ons levels above the acceptable max�mum 

v�brat�on veloc�ty of 2 mm/s spec�f�ed for h�stor�c monuments. 

S�m�larly, no�se control measures have been suggested for the 

proposed Commonwealth Games V�llage �n Delh�. 

4.1.8 Fluid Flow Standards 

A small error �n the measurement of flow of water, petroleum 

products, gas �n domest�c use or �n a process �ndustry can 

lead to huge econom�c consequences. Therefore, to prov�de 

a platform to check the rel�ab�l�ty and performance of flow 

measur�ng dev�ces, a Pr�mary Flow Measurement Fac�l�ty has 

been establ�shed at the NPL. The �dea to set up such a fac�l�ty 

was conce�ved dur�ng the year 1��7 and �t f�nally took shape 

dur�ng 1���-�6. A Pr�mary Flow Measur�ng Fac�l�ty, based on 

grav�metr�c method �n the range 0.1 m3/h to 600 m3/h, w�th an 

over all uncerta�nty of 0.�%, has been establ�shed.

4.1.9 Ultrasonic Standards

Work �n the area of ultrason�cs at the NPL has resulted �n the 

�nd�genous product�on of transducers, ultrason�c dev�ces and 

p�ezoelectr�c �nstruments �n Ind�a. Th�s was followed by the 

development of techn�ques for the measurement of ultrason�c 

parameters and non-destruct�ve test�ng (NDT) methods. Later, 

work was started on the development of cal�brat�on procedures 

and sett�ng up of fac�l�t�es for the cal�brat�on of ultrason�c NDT and 

med�cal equ�pment. Several techn�ques for the measurement of 

Experimental set-up to measure fluid flow in closed pipes in the range

0.1 - 60 m3/h by determining the amount fluid collected over a period of time. 

It provides a platform for evaluating the performance of the flow

measuring devices

Experimental set-up for the calibration of ultrasonic medical equipment
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ultrason�c parameters and NDT methods have been developed. 

The cal�brat�on of ultrason�c equ�pment for med�cal and �ndustr�al 

appl�cat�ons has been establ�shed w�th traceab�l�ty to mass and 

voltage standards. Th�s resulted �n the accred�tat�on of NDT 

laborator�es �n Ind�a and export of ultrason�c equ�pment. The 

work also made poss�ble the ava�lab�l�ty of rel�able ultrasound 

equ�pment, essent�al for ensur�ng correct dosage to pat�ents, 

and acceptable qual�ty of ultrasound �mages.

Piezoelectric Accelerometers

A small v�brat�on sensor, known as an accelerometer, �s the 

heart of all v�brat�on mon�tor�ng equ�pment. P�ezoelectr�c 

accelerometers for use �n v�brat�on measurement appl�cat�ons 

of var�ous k�nds have been developed at the NPL. An 

accelerometer for se�sm�c measurements, wh�ch �s an  

�ntegrated c�rcu�t p�ezoelectr�c voltage mode (ICVM) 

accelerometer, capable of measur�ng sub- m�ll� g v�brat�on 

levels has also been developed. W�th a mass of �0 gm 

and reference sens�t�v�ty of 20 mV/g, the accelerometer  

PL-�10 enables rel�able measurements of v�brat�ons �n the 

frequency range 10 - 10� Hz and shocks up to 3000 g. Another 

accelerometer capable of w�thstand�ng shock env�ronments 

up to �000 g has recently been des�gned. The know-how for 

commerc�al product�on of the p�ezoelectr�c accelerometers  

PL-�10 has already been transferred to �ndustr�es for 

commerc�al product�on. 

Evaluation of Iron Pillar 

The 1600 year-old 6000 

kg �ron p�llar stand�ng �n 

the Qutab M�nar complex 

�n New Delh� w�thout any 

corros�on was stud�ed 

us�ng ultrason�c NDT 

methods to understand 

the reasons for �ts non-

corros�ve nature. The 

stud�es showed that 

the �ron p�llar has a 

heterogeneous structure 

and the var�at�on �n the 

structure from one place to 

another �s very large. There 

were also  �nd�cat�ons that 

the mater�al around the 

central vert�cal ax�s of 

the p�llar has a d�fferent 

structure than the mater�al 

away from the ax�s.

4.2 Electrical and Electronic Standards

4.2.1 Time and Frequency Standards 

T�me was one of the three fundamental un�ts, bes�des mass and 

length, whose standards the NPL began to establ�sh and ma�nta�n 

r�ght from �ts �ncept�on. S�nce the m�d-1��0s, the NPL has been 

ma�nta�n�ng what �s referred to as the Ind�an Standard T�me (IST). In 

the beg�nn�ng, the IST was ma�nta�ned through a set of three Essen 

R�ng quartz crystal osc�llators kept �n a v�brat�on-free arrangement. 

The accuracy of the frequency of the crystal osc�llator was 10-�. In 

October 1�67, the un�t of t�me ‘second’ was def�ned as the durat�on 

of � 1�2 631 770 per�ods of rad�at�on correspond�ng to the trans�t�on 

between two hyperf�ne levels of the ground state of the ces�um 

atom (133Cs). S�nce 1�72, the ces�um atom�c clock has formed the 

bas�s of the Coord�nated Un�versal T�me (UTC). The frequency of 

the atom�c clock �s stable and �nvar�ant to env�ronmental changes 

as �t depends only on the �ntr�ns�c propert�es of the atom. 

NPL scientists conducting 

ultrasonic measurements on the 

1600 year-old Delhi iron pillar

Piezoelectric accelerometers developed at NPL for shock (1 Hz to 20 Khz) and 

vibration (upto 3000 g) measurements. These are extensively used in defence and 

space applications
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High Frequency (HF) Time Broadcast 
Service

As per the recommendat�ons of the Ind�an Nat�onal Comm�ttee 

of the Internat�onal Un�on of Rad�o Sc�ence (URSI), the 

Laboratory began to broadcast the IST and frequency s�gnals 

on February �, 1���, at 10 MHz under the call s�gn ATA from 

Greater Ka�lash, New Delh�. Th�s was the f�rst ever broadcast 

of t�me s�gnals �n the South As�an and the South-East As�an 

reg�on. In�t�ally the transm�ss�on was for two hours a day. 

Gradually, the durat�on of transm�ss�on was �ncreased and the 

s�gnals began to be transm�tted at � MHz and 1� MHz as well. 

The t�me s�gnal was broadcast round the clock at all the three 

frequenc�es dur�ng the per�od 1��� to 1���.

The Atomic Clock Time Standard 

In 1�7�, the Laboratory procured a commerc�ally ava�lable 

ces�um atom�c clock and, s�nce September 1�76, the 

broadcast of the IST v�a the ATA call s�gn has been based 

on th�s clock. In 1�7�, as a result of t�me �ntercompar�son w�th 

PTB v�a the Franco-German satell�te, Symphon�e-I, a sh�ft of 

�00 m�croseconds (μs) over UTC was establ�shed for the IST 

ma�nta�ned by the NPL based on the atom�c clock. Thus the 

t�me scale of the NPL, Ind�a -- named as UTC (NPLI) -- was 

brought close to the �nternat�onal coord�nated t�me scale UTC.  

At present, the NPL has a few ces�um atom�c clocks, one of 

wh�ch �s used to ma�nta�n UTC (NPLI). The Laboratory has 

been part�c�pat�ng �n the t�m�ng network coord�nated by BIPM 

v�a the Global Pos�t�on�ng System (GPS). The NPL clock thus 

contr�butes to the generat�on of UTC and �s also traceable 

to UTC. The uncerta�nty of UTC (NPLI) has now �mproved to 

7.6 nanoseconds (ns). The ces�um clock has been g�ven the 

des�red frequency offset to tune �t closest to UTC. Prov�s�on for 

phase offset has also been g�ven so that the NPL t�me rema�ns 

w�th�n 100 ns of UTC.

The ATA t�me broadcast could not, however, meet the 

demand from some users for rece�v�ng prec�se t�me (w�th�n 

m�croseconds) round the clock.  W�th the ava�lab�l�ty of the 

INSAT ser�es of satell�tes, �t has now become poss�ble to prov�de 

a nat�onal t�me serv�ce through satell�te w�th an accuracy of few 

m�croseconds. Th�s serv�ce has been ava�lable s�nce 1��� and 

�s be�ng used by many organ�zat�ons. The t�me serv�ce employs 

a coded t�me s�gnal format, wh�ch conta�ns the t�me of the day 

The transmission set-up for broadcasting time signal via HF under call sign 

ATA. This service was discontinued in the mid-1990s after the introduction 

of better time services

NPL has been maintaining Indian Standard Time (IST) through the cesium 

atomic clock (internationally accepted primary standard for time) since 1974. 

Time scale of NPL is maintained within few nanoseconds with respect to 

Universal Coordinated Time (UTC)

Functional set-up for standard time and frequency signal dissemination via 

Indian Satellite INSAT. This service is accurate within 10 microseconds and 

is accessible to Indian users through a special receiver developed by NPL
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(IST) and the �nstantaneous satell�te pos�t�on coord�nates as 

computed at the transm�tt�ng end. Th�s t�me serv�ce can be 

accessed w�th a 2.� m (� ft) or 3.7 m (12 ft) parabol�c d�sh 

antenna, a Low No�se Converter (LNC) and a decod�ng system 

developed by the NPL. W�th the knowledge of the transm�tter 

and the rece�ver coord�nates, the propagat�on delay �n the 

t�me s�gnal �s calculated and compensated for. The IST �s thus 

d�ssem�nated to w�th�n 10 μs accuracy and the frequency to 

w�th�n 10-11. 

 

One of the b�ggest users of th�s prec�s�on t�me serv�ce �s 

the electr�c power generat�on and d�str�but�on sector, wh�ch 

uses �t for gr�d management. Rad�o astronomy laborator�es 

also use th�s prec�se t�me �nformat�on for spec�fy�ng the t�me 

of events stud�ed. Cal�brat�on laborator�es use the t�me and 

frequency �nformat�on as a standard for cal�brat�ng the�r �n-

house standards. Currently more than �0 organ�zat�ons �n Ind�a 

use th�s t�me serv�ce and the number �s �ncreas�ng every year. 

The t�me serv�ce v�a INSAT hav�ng become popular, the ATA 

broadcast has been phased out.

Teleclock Service: Time Service via 
Telephone

The Ind�an Standard T�me (IST) can be rece�ved over the 

normal terrestr�al telephone l�ne through a serv�ce prov�ded by 

the NPL called Teleclock Serv�ce. Th�s un�que t�me serv�ce can 

be accessed us�ng an �nexpens�ve system called Teleclock 

Rece�ver. The Teleclock system has �ts own clock, a modem, and 

an �n-bu�lt system that auto-d�als the telephone number of the 

NPL at a user-def�ned t�me. Once telephone l�ne gets connected, 

�ts �nternal clock �s automat�cally synchron�zed to the IST w�th the 

help of the t�me s�gnal rece�ved from the NPL through telephone 

l�ne. The rece�ver automat�cally gets d�sengaged once the t�me 

�s synchron�zed. Hence, no ded�cated telephone l�ne �s needed 

for runn�ng th�s serv�ce and the system generally rema�ns 

connected to telephone l�ne w�thout d�sturb�ng �ts normal usage. 

The serv�ce was formally launched on February 1�, 2000.

Th�s technology �s s�mpler and cheaper as compared to s�m�lar 

systems �n the developed countr�es and can, therefore, be eas�ly 

�mplemented w�th small �n�t�al �nvestment �n other develop�ng 

countr�es as well. Saud� Arab�a and Nepal have already started 

th�s serv�ce w�th the help of equ�pment developed by the NPL.  

Laser Cooled Cesium Fountain Clock 

The current pr�mary standard of t�me and frequency �s the 

ces�um atom�c clock based on a beam of hot ces�um atoms, 

wh�ch has an accuracy of 10-13. The recent techn�que of ut�l�z�ng 

laser cooled ces�um atoms can �mprove the accuracy to 10-1�. 

Th�s techn�que has already been �mplemented �n many lead�ng 

t�m�ng laborator�es of the world. A project to �mplement a laser 

cooled ces�um frequency standard, w�th the a�m of ach�ev�ng 

an accuracy of 10-1�, has been undertaken at the NPL. The 

development �s l�kely to be completed w�th�n a year or two.

Innovative time service via telephone line (Teleclock Service) for common users of time. One can get access 

to IST within a second or two with the help of Teleclock receivers developed by NPL. Few models of Teleclock 

receivers available in the market are shown
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4.2.2 Josephson Voltage, DC Voltage, 
Resistance and Current Standards

Electr�cal Standards at the NPL were f�rst establ�shed �n 1�62. 

The emf or voltage standard was based on a bank of 10 Weston 

Cadm�um cells at 1.01� volt level. The res�stance standard was 

based on a bank of s�x res�stances of 1 ohm (Ω) ma�nta�ned at 

20 0C. The f�rst �nternat�onal compar�son of th�s standard was 

done �n 1�6�. In 1�67-6�, twelve 1 Ω standard res�stances were 

fabr�cated to ra�se the strength of bank to 1� res�stances.

S�nce these art�fact-based standards do not rema�n constant w�th 

t�me and depend on phys�cal var�ables such as temperature, 

they were per�od�cally �ntercompared w�th those ma�nta�ned at 

BIPM.  In the early 1�70s, the voltage standard based on the 

AC Josephson Effect was �nternat�onally real�zed for the f�rst 

t�me. When a Josephson junct�on �s �rrad�ated w�th m�crowaves 

of frequency f, �ts DC current-voltage character�st�cs show 

quant�zat�on of the voltage g�ven by the relat�on 2eVn = nhf, 

where n = 0, ±1, ±2, ±3.…….., h �s the Planck constant and e the 

electron charge.  The Josephson junct�on thus relates voltage to 

frequency through fundamental constants, wh�ch are �nvar�ant.  

S�nce th�s Josephson voltage-frequency relat�on �s space and 

t�me �nvar�ant and �s �ndependent of all phys�cal parameters, �t 

forms the bas�s of the quantum standard of the un�t of ‘volt’ (the 

Josephson Voltage Standard).

In 1�73-7�, follow�ng the �nternat�onal trend and the 

recommendat�ons of the Consultat�ve Comm�ttee on Electr�c�ty 

(CCE) of BIPM, R&D work on the Josephson Effect for 

establ�shment of the un�t of ‘volt’ was started at the NPL. 

D�fferent types of Josephson junct�ons were fabr�cated and the�r 

DC character�st�cs at l�qu�d hel�um temperature were stud�ed. 

Under m�crowave �rrad�at�on, quant�zed voltage steps up to 1 

m�ll�volt (mV) were observed both �n ‘solder blob’ and Pb-PbO-

Pb type Josephson junct�ons.

The DC electr�cal standards (voltage, res�stance and current) 

act�v�t�es at the NPL are descr�bed br�efly below:

DC Voltage

In�t�ally a bank of saturated standard cells of emf value 1.01� 

V was used as a pr�mary standard of DC voltage w�th 1 ppm 

uncerta�nty. A pr�mary standard of voltage, namely the Josephson 

Voltage Standard (JVS) at 1 mV level, was establ�shed �n 1���.  

It was used to per�od�cally cal�brate standard cells w�th an 

uncerta�nty of 0.� ppm. In 1��2-�3 work was �n�t�ated to upgrade 

the JVS at 1 mV level to 1 V level under the NPL-PTB Programme. 

The new generat�on Josephson ser�es array voltage standard at 

1 V level was establ�shed �n 1��7 us�ng an array (fabr�cated by 

an NPL sc�ent�st at PTB, Germany) conta�n�ng 3000 Nb-Al2O3-Nb 

Josephson tunnel junct�ons. Th�s pr�mary standard �s be�ng used 

regularly for the cal�brat�on of secondary/reference standard of 

Experimental setup of Josephson Series Array Voltage Standard (JSAVS), 

as primary standard of volt (at 1 volt level) 

Block diagram of the experimental setup for the calibration of DC 

reference voltage standard against Josephson Voltage Standard. 

Constant voltage steps generated under microwave irradiation of 

Josephson series array are also shown in the figure
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voltage w�th an uncerta�nty of 0.0� ppm.  An automat�c bank of 

DC reference standard was establ�shed �n 2002 as the nat�onal 

standard of DC voltage, wh�ch �s used for cal�brat�ng the reference 

standard voltage (at 1 V and 10 V levels) w�th an uncerta�nty of ± 1 

ppm. At present, the range of traceable DC voltage at the NPL �s 

from 10 μV to 1000 V. 

DC Resistance

From 1�7�-2002, a bank of 1 Ω standard res�stors was 

ma�nta�ned w�th an uncerta�nty of 1 ppm. Th�s was traceable 

to calculable capac�tor ma�nta�ned at the NPL. S�nce 2003, 

the 1 Ω res�stance standard �s traceable to the Quantum 

Hall Res�stance (QHR) standard and �s ma�nta�ned w�th an 

uncerta�nty of 0.� ppm. At present, the cal�brat�on fac�l�ty for 

DC res�stance ex�sts from 10 to 100 T Ω (101�  Ω).

DC Current

The DC current standard �s real�zed from standard res�stance 

and standard voltage w�th 2x10-6 uncerta�nty. At present 

cal�brat�on fac�l�ty for DC current ex�sts from 1 μA to100 A.

Sett�ng up of standards and cal�brat�on fac�l�t�es for h�gh 

prec�s�on and lower ranges of voltage (nano or 10-� volt), current 

(p�co or 10-12 ampere), res�stance (10-7 Ω) and electr�c charge 

(femto or 10-1� Coulomb) have been �n�t�ated at the NPL.

4.2.3 DC High Voltage Standards

A DC h�gh voltage laboratory was establ�shed �n 2000 where 

h�gh voltage �nstruments up to 100 kV could be cal�brated w�th 

an uncerta�nty of �0 ppm to 100 ppm. A h�gh voltage res�st�ve 

d�v�der, wh�ch �s the pr�mary standard of all DC h�gh voltage 

measurements, has been set up. The traceab�l�ty of these 

measurements �s d�rectly related to the d�v�der’s traceab�l�ty, 

wh�ch �s to the JVS ma�nta�ned �n the Laboratory 

Block diagram shows the vertical traceability from primary standard (JSAVS) to 

the working standard covering the range 10 µ V to 1000 V with an uncertainty 

of 1.5 µ V/V

The block diagram depicts the vertical traceability from primary standard 

(Quantum Hall Resistance Standard) to the working standard covering the 

range 10 µ Ω to 100 T Ω with an uncertainty of 300 ppm to 10,000 ppm
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4.2.4 Quantum Hall Resistance (QHR) 
Standard

The SI base un�t of current �s real�zed from voltage and res�stance 

standards.  The pr�mary standards of voltage based on the 

Josephson Effect was real�zed at the NPL �n 1���. The pr�mary 

standard of res�stance based on the Quantum Hall Effect (QHE) 

was establ�shed �n 2003. The QHE, d�scovered by Klaus von 

Kl�tz�ng �n 1��0, �s a phenomenon where the Hall res�stance 

of s�l�con MOSFET or GaAs/AlxGa1-xAs heterojunct�ons gets 

quant�zed �n un�ts of e2/h when the sample �s kept at very low 

temperatures (<�K) and subjected to very h�gh magnet�c f�elds 

( ≥ � Tesla). Thus the un�t of  ‘res�stance’ can be real�zed �n 

terms of the fundamental constants e and h.

The quantum Hall res�stance standard at the NPL uses GaAs-

AlxGa1-xAs hetrostructure at very low temperature (~ 2K) 

and h�gh magnet�c f�eld (~ �T) to generate quant�zed Hall 

res�stance, wh�ch �s g�ven by the relat�on

where h �s the Planck constant, e �s the electron�c charge, i  �s an 

�nteger and RK-90 (= 2��12.�07 ΩΩ) �s the Kl�tz�ng constant.  

RH =        = RK - 90  / i, 
h

ie 2

Resistive voltage divider, the primary standard of DC high voltage up to 100 kV, 

established in the year 2000

Experimental setup for realization of the primary standard of resistance based 

on integral Quantum Hall Effect

The top figure shows the variation of Hall resistance as a function of 

magnetic field. The i=2 plateau is marked with an arrow. The lower 

figure shows corresponding variation of the longitudnal resistance
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A secondary 1 kΩ standard res�stor �s compared to the Quantum 

Hall Res�stance at � = 2, us�ng a D�rect Current Comparator (DCC) 

br�dge, w�th an expanded uncerta�nty of 0.0� ppm.  R&D work 

�s �n progress to further reduce the measurement uncerta�nty 

by replac�ng the ex�st�ng DCC br�dge w�th a Cryogen�c Current 

Comparator (CCC) br�dge. A fully automated CCC br�dge 

system has been fabr�cated and tested at PTB, Braunschwe�g, 

Germany. The system w�ll be �nstalled shortly.

4.2.5 AC Power and Energy standards 

A survey by the NPL �n the early 1�70s showed that, though 

prec�s�on energy meters were be�ng w�dely used �n the country, 

proper fac�l�t�es for cal�brat�ng them d�d not ex�st. In order 

to meet the requ�rements of the power sector, the electr�c�ty 

boards and the manufacturers, s�ngle-phase power cal�brators 

were setup �n 1�77 and the measurement uncerta�nty for AC 

power at �0-60 Hz frequency was 0.1% to 0.2% for voltage �n 

the range 10 V to �00 V, current 0.� A to 30 A and power factor 

(PF) 1.0 to 0.10 (lag and lead). 

A three-phase power and energy cal�brat�on system was 

set up �n 1���-��.  The uncerta�nt�es �n power and energy 

measurements were 0.0�% to 0.1% w�th voltage �n the range 

10 V to 2�� V, current �0 mA to 30 A and PF 1.0 to 0.10 (lag 

and lead) �n each phase and �n the frequency range �0 – �00 

Hz. The system enabled the cal�brat�on of act�ve, react�ve and 

apparent power/energy meters.  

Dur�ng 1��2-�3, a three pos�t�on power and energy cal�brat�on 

bench was set up, along w�th three booster transformers, a 

s�ngle phase thermal power/energy standard and a three 

phase reference power/energy standard. The capab�l�t�es 

were upgraded to enable measurement and cal�brat�on over 

greater ranges of voltage, current and power factor (10 V to 

�76 V, 10 mA to 120 A and PF 1.0 to 0.01 (lag and lead) �n 

each phase) �n the frequency range �0 - �00 Hz. Also, as per IS/

IEC spec�f�cat�ons, the test�ng of energy meters under d�fferent 

cond�t�ons of voltage, frequency, the 3rd and the �th harmon�cs 

and temperature was started �n 1���. Dur�ng 1���-2000, w�th 

more accurate standards, the uncerta�nty range �n the cal�brat�on 

of AC power and energy meters came down to 0.02% - 0.0�%. 

In 2003 a h�ghly stable cal�brat�on bench was set up, wh�ch 

allows f�ve meters to be cal�brated s�multaneously over �0 Hz-

70 Hz and w�th a reduced uncerta�nty of 0.01% to 0.02%. The 

measurement uncerta�nty �n the frequency range 70 Hz - �00 

Hz �s 0.02% to 0.0�%. The behav�our of var�ous energy meters 

under the �nfluence of AC/DC magnet�c f�elds of h�gher strengths 

(~ 0.2 Tesla) was stud�ed at the NPL. Th�s helped the Central 

Board of Irr�gat�on and Power (CBIP) to amend var�ous AC/DC 

magnet�c �nfluence tests �n the�r standards spec�f�cat�ons. 

4.2.6 AC High Current and High Voltage 
Standards

In the year 1��6, w�th the �ncreas�ng demands of bulk power 

and energy meter�ng, cal�brat�on of current transformers (CTs) 

was started. The current range was up to �0 A at �0 Hz. The 

measurement accuracy for CTs was w�th�n 0.0�%.  In 1���-

��, a fac�l�ty for the cal�brat�on of potent�al transformers (PTs) 

was added, wh�ch used a standard potent�al transformer 

Bench for the calibration of power/energy meters (maximum five at a time) 

using precision comparator and stable power/energy source

Bench for the calibration of Current Transformers (CTs) for a current ratio from 

5 A/1 A, 5 A to 5000 A/1 A, 5 A at 50 Hz
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hav�ng � f�xed rat�os from 3.3 kV/110 V to �� kV/110 V. The 

measurement uncerta�nty was 0.0�%. CTs and PTs are the 

essent�al components for the meter�ng of bulk electr�cal power 

and energy �n �ndustr�es.

Dur�ng 1��6- 2001, the fac�l�t�es for AC h�gh current and h�gh 

voltage standards were upgraded. The current range was 

extended to �000 A and w�th reduced uncerta�nty of 0.003% 

at �0 Hz.  The voltage range for the cal�brat�on of PTs was 

extended both �n the lower and the h�gher ranges. The PTs of 

any voltage rat�o �n the range from 110 V/110 V to 100 kV/100 V 

at �0 Hz can be cal�brated w�th an uncerta�nty of 0.006%.    

4.2.7 Low Frequency (LF) and High 
Frequency (HF) Impedance Standards

LF Impedance

Pr�mary standards of capac�tance, the calculable cross 

capac�tance, traceable to the length standard are be�ng 

ma�nta�ned at the NPL. The calculable capac�tor �s based on 

a theorem �n electrostat�cs (the Thompson-Lampard Theorem) 

that allows the calculat�on of the capac�tance of a spec�al type 

of capac�tor d�rectly from a s�ngle d�mens�onal measurement, 

wh�ch can be traced to the SI un�t of length. A hor�zontal model 

of the calculable capac�tor, w�th an uncerta�nty of 2-3 ppm, was 

establ�shed �n 1�7�. It was replaced w�th a vert�cal model �n 

1��0 w�th the collaborat�on of the NPL, U.K. The uncerta�nty �n 

10 p�cofarad (pF) capac�tance �s 0.6 ppm at 1��2 Hz. Scale 

of capac�tance �s bu�lt up from 10 pF to 1F us�ng a transformer 

br�dge.

The un�t of �nductance, Henry, �s real�zed from capac�tance 

and res�stance us�ng the Maxwell-W�en Br�dge. The un�t of AC 

res�stance, ohm (Ω), �s also real�zed from capac�tance us�ng 

Quadrature Br�dge and other prec�s�on AC br�dges at 1 kΩ. 

The scale of res�stance from 1 Ω to 1 MΩ �s bu�lt up w�th the 

Kelv�n Double Arms AC Br�dge. The standard of AC voltage 

rat�o �s the Induct�ve Voltage D�v�der (IVD) and �t �s der�ved 

through the absolute cal�brat�on of IVDs.    

System for the calibration of Potential Transformers (PTs) of any voltage ratio 

from 110 V/110 V - 100 kV/100 V at 50 Hz

Primary standard of capacitance, calculable cross capacitor, established at 

NPL in collaboration with NPL, UK in 1980
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HF Impedance

The work on the establ�shment of HF �mpedance standard 

was �n�t�ated �n the year 1��2-�3. Prec�s�on reference a�r l�nes 

– pass�ve dev�ces traceable to the length standard -- are 

be�ng used as pr�mary standards of HF �mpedance �n the  

frequency range 10 kHz - 2�0 MHz. The assoc�ated res�stances, 

capac�tances and �nductances are calculated from the�r 

d�mens�onal measurements. 

4.2.8 Low Frequency (LF) and High 
Frequency (HF) Voltage, Current and Radio 
Frequency (RF) Power Standards

The work on standards for the above parameters started �n 

1�7�. The f�rst �ntercompar�son of LF Voltage was carr�ed out 

�n 1��1 w�th the Russ�an Standards Laboratory VNIIM. The LF 

voltage, current and RF voltage standards are establ�shed �n 

terms of the�r response to an appl�ed alternat�ng voltage or 

Maxwell - Wien Bridge, designed and fabricated at NPL for the 

realisation of inductance standard from capacitance and AC 

resistance

Quadrature Bridge established at NPL for the realisation of AC resistance 

standard from capacitance in collaboration with NPL, UK

Kelvin double arm AC bridge established at NPL for build up scale of AC 

resistance standard from 1 Ω to 1 M Ω

Primary standard of LF voltage and current, Multi Junction Thermal Converters 

(MJTC) is based on thin film technology (1 V to 3 V, 3 mA to 10 mA, 10 Hz to 1 

MHz). These thin film MJTCs have improved frequency response
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current and an equal amount of DC voltage or current. 

The measurement uncerta�nty of LF voltage and current, 

w�th the ex�st�ng pr�mary standard based on convent�onal 

mult�-junct�on thermal converters (MJTC), ranges between  

2 x 10-6 and 2 x 10-� �n the frequency range of 10 Hz to 1 

MHz. Work on the establ�shment of new pr�mary standard of 

LF voltage and current based on planar MJTC �s �n progress. 

The measurement uncerta�nty �s expected to be �n the range 

of 0.1 x 10-6 to � x 10-6.

The RF voltage pr�mary standard �s based on dual res�stance 

calor�metr�c power mount. The measurement uncerta�nty �n 

the frequency range of 1 MHz to 1 GHz l�es between 2 x 10-� 

and �x10-3. The prev�ous RF voltage pr�mary standard worked 

on bolometr�c pr�nc�ples �n the frequency range 10 MHz to 1 

GHz and had an uncerta�nty from 2 x 10-3 to 2 x 10-2.

The pr�mary standard of RF power �n the frequency range 

Power mount of a commercial power meter has been modified by NPL 

in 1985 serves as a Primary Standard of High Frequency (HF) voltage in 

the frequency range 1 MHz to 1 GHz. This mount is based on calorimetric 

principles which uses RF-DC substitution technique for measurement of 

HF voltage

Primary standard set up for High Frequency Voltage Prior to 1985 was 

based on indigenously developed bolometric mount in the frequency range 

10 MHz to 1 GHz

Coaxial Micro Calorimeter System developed at NPL in 1989, is 

being used for absolute determination of Effective Efficiency of RF 

and microwave power mounts covering the frequency range from 

10 MHz to 18 GHz

Experimental setup for the measurement of microwave power based on 

indigenously developed pure calorimetric loads in the frequency range 8.2 

GHz to 12.4 GHz
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1 MHz to �0 MHz �s based on dual res�stance calor�metr�c 

power mount and �n the frequency range �0 MHz to 1� GHz 

on the coax�al m�cro calor�meter system. The uncerta�nty �n 

the effect�ve eff�c�ency of the power mount ranges between  

2 x 10-� and 3 x 10-3 �n the ent�re range from 1 MHz to 1� GHz. 

The prev�ous pr�mary standard for RF power was based on 

pure calor�metr�c loads �n C, X and Ku bands (�.� GHz to 1� 

GHz) w�th an uncerta�nty of 2 x 10-3 to 6 x 10-3.

The present cal�brat�on and measurement capab�l�ty �n LF 

voltage �s up to 1000 volts �n the frequency range 10 Hz -

1 MHz w�th an uncerta�nty of 1 x 10-� to 1 x 10-�. For LF 

current the uncerta�nty �s 2 x 10-� to 2 x 10-� up to 20 A �n the 

frequency range 10 Hz -10 kHz. The uncerta�nty �n RF voltage 

measurement up to �0 volts �s �n the range � x 10-� to � x 10-3 

�n the 1 MHz - 1 GHz frequency range. For RF power �n the 

frequency range 100 kHz -1� GHz, the uncerta�nty l�es w�th�n 

0.1% to 2.0%. 

4.2.9 Radio Frequency (RF) Attenuation 
and Impedance Standards

The appl�cat�on of m�crowaves �ncreased �n the country greatly 

dur�ng the m�d-1�60s �n radars, m�crowave commun�cat�on 

systems, nav�gat�on and sc�ent�f�c research. Most of the 

m�crowave components used �n these appl�cat�ons were 

be�ng �mported. To ach�eve self-suff�c�ency, the development 

of m�crowave components was started at the NPL. M�crowave 

test benches �n X-band were suppl�ed to var�ous un�vers�t�es, 

colleges, research �nst�tutes and government agenc�es �n the 

early 1�70s. Prec�s�on wave-gu�des, reflex klystron tubes and 

other m�crowave �nstruments were �nd�genously des�gned 

and developed �n d�fferent wave-gu�de frequency bands.

After the successful development of components and 

transfer of technolog�es to the �ndustry, the establ�shment of 

RF standards and cal�brat�on fac�l�t�es was started �n 1�7� 

for attenuat�on, power, �mpedance and frequency parameters 

�n coax�al and wavegu�de systems. The pr�mary standard of 

attenuat�on at the NPL �s a 30 MHz Wavegu�de Below Cut-Off 

(WBCO) attenuator. Its range �s 60 dB and has an uncerta�nty 

of 0.00� dB/10 dB. The standard �s traceable to the Nat�onal 

Measurement Inst�tute (NMI), Austral�a.

 

For the purposes of standards of �mpedance (of any 

transm�ss�on med�um), �t �s most useful to g�ve the voltage 

reflect�on coeff�c�ent that would apply �f an �tem were connected 

to the �deal of the med�um of �nterest. The pr�mary standards 

of �mpedance, such as quarter wave (QW) short-c�rcu�ts and 

prec�s�on wavegu�des, and transfer standards of �mpedance 

�n the form of standard m�smatches have been �nd�genously 

developed �n Xn, X, Ku and K frequency bands to prov�de 

cal�brat�on �n the �.� to 26.� GHz range. The standards of un�ty 

reflect�on coeff�c�ent QW short c�rcu�ts have an uncerta�nty of 

� x 10-� to 6 x 10-�. The pr�mary standards of �mpedance are 

traceable to the SI un�t of length ma�nta�ned at the NPL.

R&D work has been �n�t�ated to establ�sh measurement fac�l�t�es 

�n the Ka-band (26.� - �0 GHz) as well. General purpose Ka-

band components, l�ke mult�-stub tuner, prec�s�on matched 

term�nat�ons and short c�rcu�ts, have been developed. The 

standard m�smatches at Ka-band have been des�gned and are 

A 30 MHz Waveguide Below Cut Off (WBCO) attenuator of range 60 dB 

developed by NIST, USA, and established at NPL in the year 1975 serves as 

the primary standard of attenuation

Indigenously designed and developed quarter wave (QW) short circuits 

and precision waveguides (Primary standards of impedance) and standard 

mismatches (Transfer standards of impedance)
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under fabr�cat�on. Cal�brat�on fac�l�t�es ex�st for RF attenuat�on 

and �mpedance parameters at 30 MHz and 1 to 1� GHz �n 

coax�al systems and �.� to 26.� GHz �n wavegu�de systems 

respect�vely. 

4.2.10 Magnetic Standards 

Nat�onal standard for magnet�c measurements, an �mportant 

element �n most �ndustr�es, was m�ss�ng �n the NPL cha�n 

of standards for long.  Therefore, �t was dec�ded �n 1��� to 

establ�sh a magnet�c standards laboratory. By 1���, the un�t 

became funct�onal w�th the follow�ng major fac�l�t�es: apex 

level cal�brat�on of magnet�c f�eld, H-sensors, AC and DC 

measurements on soft magnet�c mater�als and magnet�c 

measurements on permanent magnet�c mater�als.

National Standard for Magnetic Field

The nat�onal standard for the prec�se measurement of 

magnet�c f�eld �n the range �0 mT to 1.� T �s a Nuclear 

Magnet�c resonance (NMR) Gaussmeter. Th�s �s traceable to 

the frequency standard ma�nta�ned at the NPL. The uncerta�nty 

�n the magnet�c f�eld measurement �s 0.01%. 

Primary Standard for Power Loss in Soft 
Magnetic Materials

Fac�l�t�es have been establ�shed for test�ng Epste�n samples of 

electr�cal steel as per the IEC �0�-2 standard. The magnet�c 

propert�es measured are:  core loss, peak value of magnet�c 

�nduct�on, spec�f�c apparent power etc. The uncerta�nty �n 

power loss measurement �s 2 x 10-3 to 2 x 10-2.

Vibrating Sample Magnetometer

Fac�l�t�es have been establ�shed at the NPL for the measurement 

of �ntr�ns�c magnet�c propert�es of mater�als, part�cularly of 

�ndustr�al use, us�ng V�brat�ng Sample Magnetometer (VSM).  

The VSM �s an extremely sens�t�ve �nstrument for open c�rcu�t 

test�ng of a w�de var�ety of mater�als �n the form of sol�d, th�n 

f�lm, powder and l�qu�d samples. A n�ckel sphere �s used as 

reference to cal�brate the magnet�c moment. The uncerta�nty �n 

the measurement of �ts magnet�c moment �s 2 x 10-2 Am2.

Experimental setup for the precise measurement of magnetic field 

using NMR Gaussmeter

Standard 25 cm Epstein frame for power loss measurements in electrical steel

Vibrating sample magnetometer for characterisation of magnetic 

materials
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4.2.11 Biomedical Measurements

Work on d�fferent types of d�agnost�c sensors us�ng p�ezo-

electr�c transducers hav�ng frequency 1 MHz - 10 MHz for 

electr�cal, opt�cal and ultrason�c character�zat�on of complex 

b�olog�cal t�ssues was carr�ed out. The work was also extended 

to develop mult�-frequency and mult�-focal length ultrason�c 

transducers for therapeut�c appl�cat�ons.

Exper�mental work on new b�olog�cal t�ssues and mater�als for 

the development of t�ssue equ�valent phantoms and study of 

the�r ultrason�c, acoust�c, electr�cal and d�electr�c parameters 

for var�ous b�omed�cal appl�cat�on �s be�ng pursued as part of 

current R&D act�v�t�es. Cal�brat�on system for ECG mach�ne 

us�ng a standard b�o-system cal�brator �s under progress.

4.3 Chemical Metrology

Certified Reference Materials

In the present era of global�zat�on, use of Cert�f�ed Reference 

Mater�als (CRMs) �n measurements �s essent�al for global 

acceptance of �ndustr�al products and test reports. It also 

ensures h�gh qual�ty measurements and enables the�r 

traceab�l�ty to the nat�onal/�nternat�onal measurement standards 

based on SI un�ts. Use of CRMs also meets the requ�rement 

of �nternat�onal level qual�ty systems, such as ISO �000 and 

ISO/IEC standard 1702�. The CRMs also serve to fulf�ll the 

mandatory requ�rement of our nat�onal accred�tat�on body, 

the Nat�onal Accred�tat�on Board for Test�ng and Cal�brat�on 

Laborator�es (NABL), and of the World Trade Organ�zat�on 

(WTO).

Over 3000 CRMs, are be�ng requ�red/used �n Ind�a for qual�ty 

control �n �ndustr�es, accred�ted test�ng laborator�es, mon�tor�ng 

and control of var�ous env�ronmental and health parameters. 

The ma�n producer of the CRMs �s the Nat�onal Inst�tute of 

Standards and Technology (NIST), USA, wh�ch �s meet�ng the 

worldw�de requ�rement of CRMs. Work on CRMs was taken up 

at the NPL �n 1��� �n order to m�n�m�ze/el�m�nate the problems 

of �mport�ng and meet�ng the �nd�genous demand at reasonable 

cost. In the f�rst phase of the programme, preparat�on of CRMs 

of elemental solut�ons of lead and cadm�um was �n�t�ated. The 

Ind�an reference mater�als are called Bharatiya Nirdeshak 

Dravyas (BNDs) and each CRM standard �s denoted by a BND 

class�f�cat�on number. 

Efforts have been made to assoc�ate other laborator�es of 

the country �n th�s programme. G�ven the act�v�ty’s soc�etal 

�mportance, the CSIR has begun to fund the programme d�rectly 

s�nce 1��2 and more reputed laborator�es of the country have 

jo�ned the programme. At present 3� nat�onal laborator�es 

are collaborat�ng �n th�s effort. Th�s programme �s one of the 

Network Projects of the CSIR under wh�ch one laboratory �s 

des�gnated as a lead laboratory for CRMs �n a g�ven area.

The NPL �s the lead laboratory for the CRMs of elemental 

solut�ons and gas m�xtures and of standards for the cal�brat�on 

of �nstruments such as X-Ray D�ffractometer (XRD) and 

Scann�ng and Transm�ss�on Electron M�croscope (SEM/

TEM), the Nat�onal Geophys�cal Research Inst�tute (NGRI), 

Hyderabad, for geo-chem�cals, the Ind�an Inst�tute of Chem�cal 

Technology (IICT), Hyderabad, for pest�c�des, the Central Food 

Technolog�cal Research Inst�tute (CFTRI), Mysore, for food, 

the Central Drug Research Inst�tute (CDRI), Lucknow, for b�o-

med�c�nes, the Ind�an Inst�tute of Petroleum (IIP), Dehradun, for 

petroleum and petrochem�cals, and the Nat�onal Metallurg�cal 

Laboratory (NML), Jamshedpur, for ferrous alloys. The NPL �s 

Network of Laboratories involved in preparation of CRMs
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respons�ble for the metrolog�cal aspects �n the cert�f�cat�on of 

the CRMs prepared under th�s programme.

T�ll date 32 CRMs of var�ous mono- and mult�-elemental 

elemental solut�ons, pest�c�des, gas m�xtures, X-ray d�ffract�on 

mater�als (such as s�l�con powder and α–Al2O3 powder) and gold 

ore have been prepared and released. Many more are �n the 

p�pel�ne. New CRMs of mono-elemental solut�ons (manganese, 

bar�um, cobalt, stront�um, chlor�de and sulphate), of mult�ple 

elements �n ground water, of trace elements �n petroleum, of 

gas m�xture (CO2 �n n�trogen) and of metals and alloys (pla�n 

carbon steel) are under preparat�on and cert�f�cat�on. In the 

future, the NPL plans to lay more emphas�s on CRMs for food 

and med�c�ne sectors by creat�ng new satell�te groups under 

the leadersh�p of the CFTRI, Mysore, the CDRI, Lucknow, and 

the All Ind�a Inst�tute of Med�cal Sc�ences (AIIMS), New Delh�. 

The ma�n focus of chem�cal metrology act�v�ty at present �s on 

the establ�shment of the standard for ‘mole’, the seventh SI 

base un�t.

 

The CRMs prepared under th�s network programme are w�dely 

used �n the publ�c and the pr�vate sector test�ng laborator�es, 

�ndustr�es, academ�c and R&D �nst�tut�ons of the country as 

well as �n the other SAARC countr�es. These CRMs have 

got �nternat�onal recogn�t�on and have been �ncluded �n the 

�nternat�onal database of CRMs called Code d’Indexat�on 

des Matér�aux de Référence or Code of Reference Mater�als 

(COMAR) ma�nta�ned by the Federal Inst�tute for Mater�als 

Research and Test�ng (BAM), Berl�n, Germany (see www.

comar.bam.de).

 5.   CENTRE FOR CALIBRATION AND TESTING

The need to prov�de better �nterface w�th the customers was 

real�zed �n 1�77 and a Test�ng and Cal�brat�on Secretar�at 

was establ�shed. In August 1���, th�s act�v�ty was further 

streaml�ned and was named as Centre for Cal�brat�on and 

Test�ng (CFCT). A mechan�sm for �ndependent mon�tor�ng to 

ensure sat�sfactory customer serv�ces was also establ�shed. 

In �ts pursu�t of cont�nuous �mprovement, CFCT has upgraded 

commun�cat�on fac�l�t�es and has computer�sed all �ts 

operat�ons. Today CFCT �s prov�d�ng the serv�ces to more than 

3�00 customers from all over Ind�a and abroad and �s �ssu�ng 

more than �000 cal�brat�on cert�f�cates and test reports every 

year. CFCT’s act�v�t�es were also �nternat�onally rev�ewed as 

part of the peer rev�ew of var�ous techn�cal parameters. All 

�ts operat�ons meet the requ�rements of ISO/IEC - 1702� and 

w�ll soon be onl�ne us�ng the Management Informat�on System 

(MIS).

Areas in which CRMs are being prepared

Indian Reference Materials prepared and certified at NPL
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ANNEXURE

PRESENT STATUS OF NATIONAL STANDARDS AT NPL

Parameter Unit  Standard Accuracy / Uncertainty

Length m He - Ne Laser stab�l�zed by saturated 2.� x 10-11 (k=1)
  absorpt�on �n 127I2  (frequency)

Length mm Gauge Block �nterferometer (0.02 + 0.2L x 10-6)μm
  (0 - 30� mm) 

Angle rad�an 12 s�ded Polygon � μ rad

Roughness μm Roughness Standards, 1.7 μm, 3% 
  0.6 μm and 0.1 μm

Roundnessºμm Roundness Standards Sphere of 0.01 μm 
  D�ameter �0 mm

Mass kg Copy No. �7 of Internat�onal 1 x 10-�

  Prototype K�logram 

Force N (�) Dead we�ghts upto 100 kN 3 x 10-�

  (��) Lever mult�pl�cat�on system 1.2 x 10-�

        upto 1 MN

Torque Nm Lever - dead we�ght torque pr�mary 0.01%
  standard up to 2000 N.m

Hardness Rockwell Rockwell hardness pr�mary standard Rockwell A,C,D
 A to K  0.3 HR  
 Scales  Rockwell B,E,F,G,H,K
   0.� HR

Pressure Pa Controlled Clearance  �.2 x 10-�

  P�ston Gauge �n the pneumat�c
  gauge pressure reg�on
  (0.0� MPa to 12 MPa) 
  
  Controlled Clearance P�ston Gauge   



��

  �n the hydraul�c gauge pressure �n 1.33 x 10-�

  the range 0.0� MPa to �00 MPa   
  
  Controlled Clearance P�ston Gauge 2.� x 10-�

  �n the hydraul�c gauge pressure �n
  the range �00 MPa to 1 GPa 
  
  D�fferent�al pressure, gas med�um 1 x 10-�

  �n the d�fferent�al pressure range 30
  kPa to 1�0 kPa �n the l�ne pressure
  range 0.1 MPa to 12 MPa 

Vacuum Pa Gas Operated Pressure Balance 2 x 10-�

  (absolute mode) 2.2 kPa to 1�0 kPa   
  
  Ultrason�c Interferometr�c 1 x 10-�

  Manometer (1 Pa - 130 kPa) 
  
  Stat�c Expans�on System � x 10-3

  (10-� Pa - 1 kPa) 
  
  Dynam�c (Or�f�ce Flow) System 2 x 10-2

  (10-1 Pa - 10-6 Pa) 

Temperature K 
Radiation  Freez�ng po�nt of copper  0.� K 
Pyrometry  
  Freez�ng po�nt of s�lver 0.� K
 
  
Platinum  Freez�ng po�nt of s�lver 0.0060� K
Resistance  
Thermometry  Freez�ng po�nt of alum�n�um  0.003�� K
  
  Freez�ng po�nt of z�nc 0.002�1 K
  
  Freez�ng po�nt of t�n  0.001�2 K
  
  Freez�ng po�nt of �nd�um  0.00132 K
  
  Melt�ng po�nt of gall�um  0.00136 K
  

Parameter Unit  Standard Accuracy / Uncertainty
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  Tr�ple po�nt of water  0.00017 K

  Tr�ple po�nt of mercury  0.001�� K
  
  Tr�ple po�nt of argon 0.002 K
  
  Tr�ple po�nt of oxygen  0.002 K

Hum�d�ty % RH Asp�rated Psychrometer 1%

Lum�nous  cd A set of standard lamps 1.3 x 10-2

Intens�ty

Lum�nous flux lm A set of standard lamps 1.6 x 10-2

Colour  K A set of standard lamps � - 10 K
temperature  (2000 - 3000 K) cal�brated at BIPM

Lum�nance cd/m2 Standard source of lum�nance 1.� x 10-2

Illum�nance lux Cal�brated detectors for �llum�nance 1.� x 10-2

Irrad�ance W/m2 A set of standard lamps 1.3 x 10-2

Spectral  W/nm/ A set of standard lamps PTB, Germany
rad�ance m2/sr 
  300 nm - �00 nm 3.6 x 10-2  to 2.7 x 10-2

  �00 nm - �00 nm 2.7 x 10-2  to 1.� x 10-2

   �00 nm - 1100 nm 1.� x 10-2  to 2.� x 10-2

  1100 nm - 2�00 nm 2.� x 10-2  to 3.� x 10-2

Spectral W/nm/ A set of standard lamps
�rrad�ance m2  
  270 nm - �00 nm �.3 x 10-2 to 2.6 x 10-2

  �00 nm - �00 nm 2.6 x 10-2 to 3.� x 10-2

  �00 nm - 1100 nm 3.� x 10-2  to �.� x 10-2

  1100 nm - 2�00 nm �.� x 10-2  to �.6 x 10-2

Sound  Pa Condenser m�crophone 
pressure  LS1 P 0.0� - 0.0� dB
level  LS2 P 0.0� - 0.1� dB

Parameter Unit  Standard Accuracy / Uncertainty
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V�brat�on  Accelerometer 1 %

Ultrason�c  W F�xed path vert�cal float � %
power

Ultrason�c  Pa Ultrason�c m�n�ature probe 1.� dB
Pressure  hydrophone cal�brated by two
  transducer rec�proc�ty techn�que
  (0.� - 7 MHz) 

V�brat�on  nm Phase locked laser �nterferometer 1 x 10-2

ampl�tude

Ultrason�c  ms-1 Pulsed echo overlap 3 x 10-�

veloc�ty

Ultrason�c  Wcm-2 Beam cal�brator 2.� dB
�ntens�ty   

DC Voltage V Josephson 1 V Standard 2 x 10-�  (at k = 1)
  
  Bank of Zener Standards � x 10-7 at 10 V 
  traceable to Josephson 1 x 10-6 at 1 V 
  Voltage Standard
  
DC  Ω Quantum Hall Res�stance standard � x 10-�

Res�stance  
  Bank of one ohm standard res�stors � x 10-7

  traceable to QHR  

  
DC Current A Real�sed through voltage and  2 x 10-6 at 1 A 
  res�stance

DC H�gh  V H�gh voltage res�st�ve d�v�der 2 x 10-�

Voltage

AC H�gh A/A Standard Current Transformer 3 x 10-�

Current Rat�o

Parameter Unit  Standard Accuracy / Uncertainty
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AC H�gh V/V Standard Voltage Transformer 6 x 10-�

Voltage Rat�o

Capac�tance F Thompson - Lampard  3 x 10-7

  calculable capac�tor
  
  S�l�ca d�electr�c standard  6 x 10-7

  capac�tors (10 pF and 100 pF)

Inductance H Bank of standard �nductors 3 x 10-� at 1 kHz for
   10 mH and 100 mH

AC   Bank of standard res�stors  1 x 10-6 at 1��2 Hz for
Res�stance   1 k Ω

AC Power  Act�ve: W/Wh  3 phase Power Comparator Act�ve:
and Energy  React�ve: Var/Varh  COM 3000 (100 - 200)/cos Ø
(�0 Hz to Apparent: VA/VAh   React�ve:
70  Hz)   (100 - 200)/s�n Ø,
   Apparent: (100 - 200)

AC Power &  Act�ve W/Wh, 1 phase Thermal Power  Act�ve: 
Energy  Standard ILM - 03 (200 - �00)/cos Ø
(70 Hz - 
�00 Hz)

AC & LF V Mult� - junct�on thermal  2 x 10-6 to 2 x 10-�

Voltage  convertors (10 Hz - 1 MHz)

AC and LF  W Thermal Wattmeter (1 Ø) (0.� - 1) x 10-�

Power  
  Electron�c Power and Energy  (1 - �) x 10-�   
  measur�ng system (3 Ø)
  (�� - 6� Hz)

AC Rat�o -- Induct�ve voltage d�v�der � x 10-� ( 1kHz)

HF Voltage V Tw�n res�stance calor�metr�c 2 x 10-� to � x 10-3

  mount (1 V) 1 MHz - 1GHz

Parameter Unit  Standard Accuracy / Uncertainty
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  Thermal convertors, 1 x 10-� to 1 x 10-2

  1 MHz - 1 GHz  
  (�00 mV - 100 V)
  RF m�cropotent�ometer  1 x 10-� to 2 x 10-3

  1 MHz - 1GHz
  (1 mV - �00 mV)

RF Power W Calor�metr�c techn�que us�ng tw�n 1 x 10-� to 1 x 10-3

(Effect�ve   res�stance power head upto 1 GHz
Eff�c�ency)  (30 kHz - �0 MHz)
  
  Coax�al m�crocalor�meter 1 x 10-3 to 1 x 10-2

  (�0 MHz - 1� GHz) 

RF  dB 30 MHz Wavegu�de Below Cut  0.00� dB/10 dB 
Attenuat�on  Off (WBCO) attenuator

HF  Prec�s�on reference A�r L�nes and  2 x 10-� to � x 10-3

Impedance  coax�al RF br�dge
(Lumped  (upto 2�0 MHz)
parameter)  

Scalar  Quarter wave short c�rcu�ts (�-6) x 10-� �n   
Reflect�on  (Xn, X, Ku & K - band wave gu�des) reflect�on coeff�c�ent
coeff�c�ent /
VSWR  Coax�al a�r l�ne 3 x 10-3 �n VSWR

T�me  s Ces�um atom�c standards 7.6 ns

Frequency Hz Ces�um atom�c standards � x 10-1�

Magnet�c  Tesla Nuclear Magnet�c Resonance  1 x 10-2

F�eld  (NMR) Gaussmeter

Power Loss W/kg Epste�n Frame, Electr�cal steel 2 x 10-3 - 2 x 10-2

Magnet�c  A m2 N�ckel Sphere 2 x 10-2

Moment

Parameter Unit  Standard Accuracy / Uncertainty
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 1.  INTRODUCTION

he Nat�onal Phys�cal Laboratory (NPL) �s today 

w�dely recogn�zed by the �ndustry and the academ�a 

as a Centre of Mater�als of nat�onal �mportance. 

The core strengths of the Laboratory are �n bas�c 

research �n mater�als, the�r process�ng and character�zat�on, 

and technology development for components, dev�ces and 

systems. Currently, research and development (R&D) act�v�t�es 

at the Laboratory are broadly grouped as eng�neer�ng mater�als, 

electron�c mater�als, cryogen�cs and superconduct�ng mater�als 

and mater�als character�zat�on. 

From a h�stor�cal perspect�ve, the mater�als research act�v�t�es 

at the NPL dur�ng the last s�x decades can be class�f�ed 

under two d�st�nct per�ods: (�) the format�ve years of mater�als 

development from 1��7 t�ll the m�d-1�70s; and (��) the advanced 

mater�als research �n the subsequent years t�ll date. Dur�ng the 

f�rst phase, the focus was on the development of raw mater�als 

ma�nly for g�v�ng support to the country’s fledgl�ng �ndustry. 

Bas�c research �n low temperature phys�cs and sol�d-state 

phys�cs was also �n�t�ated dur�ng th�s per�od w�th the object�ve 

of establ�sh�ng the Laboratory as an �mportant nat�onal centre 

for research �n phys�cs. The subsequent phase belongs to 

advanced mater�als research w�th focus on a range of mater�als 

for strateg�c, �ndustr�al and soc�etal appl�cat�ons.

 2.  FORMATIVE YEARS 

G�ven the Laboratory’s mandate, as la�d down by the report of 

the Plann�ng Comm�ttee (see Append�x A), Dr. K. S. Kr�shnan, 

the founder d�rector, who was also a member of the Comm�ttee, 

or�ented the focus of research at the NPL to select appl�ed 

f�elds and establ�shed �t as a prem�er �nst�tut�on for research �n 

mater�als for �ndustr�al appl�cat�ons. Under h�s able leadersh�p, 

mater�als R&D was �n�t�ated �n a major way to �nclude the 

follow�ng broad areas: 

2.1 Carbon and Carbon Products

Carbon, �nclud�ng graph�te, and �ts products are key to 

�ndustr�al�zat�on.  They are used �n one form or the other �n 

d�verse �ndustr�es. They are essent�al �nputs for several 

�ndustr�es l�ke steel, alum�n�um and rubber tyres, bes�des other 

h�-tech appl�cat�ons. Therefore, almost from �ts �ncept�on, R&D 

on convent�onal carbon products was �n�t�ated at the NPL under 

the gu�dance of Mr. G. D. Joglekar. The act�v�ty �n th�s early 

phase sought to address the problems of carbon �ndustr�es 

and carbon-based raw mater�als for other �ndustr�es, as well 

as to develop var�ous carbon products; �n part�cular, �mport 

subst�tutes for those that were not manufactured �n Ind�a.  

An essent�al requ�rement for th�s was a ‘carbon plant’, complete 

w�th furnaces for pyrolys�s of the moulded or extruded products 

up to 2�00 0 C and mach�n�ng apparatus. Today, such a plant 

can be bought off the shelf, but not �n the 1��0s. A carbon 

NPL AS CENTRE OF MATERIALS

Samples of conventional carbon products such as cinema arc 

carbons, process carbons, carbon brushes and contacts and dry 

cell battery carbons
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p�lot plant �nclud�ng a small Acheson furnace (for h�gh 

temperatures) was, therefore, bu�lt �n-house for the purpose. 

The ent�re plant was put together us�ng �mported as well as 

locally ava�lable equ�pment, �nclud�ng second-hand ones. Th�s 

was the only complete carbon plant ava�lable �n the country at 

that t�me. Some of those 60 year-old equ�pment are funct�on�ng 

even today.

The var�ous carbon products on wh�ch R&D was carr�ed out 

�ncluded carbon blocks (also known as metal-carbon brushes), 

c�nema arc carbons used �n c�nema projectors, ‘process’ 

carbons for navy search l�ght appl�cat�ons, ‘m�dget’ electrodes 

for dry cell batter�es and carbon compacts for electr�cal and 

mechan�cal appl�cat�ons.  The process know-how for some of 

the above products were released to the Ind�an �ndustry for 

large-scale product�on and commerc�al explo�tat�on. In 1�72, 

R&D on newer carbon products, �nclud�ng carbon f�bres and 

compos�tes, was �n�t�ated, mark�ng the beg�nn�ng of work on 

advanced carbon products at the NPL.

2.2 Low Temperature Physics

When the NPL was establ�shed, low temperature stud�es were 

conf�ned to a few laborator�es �n the Netherlands, the U.K., the 

USA, France and Germany. In 1��0, Dr. Kr�shnan had arranged 

for Dr. Dav�d Shoenberg (a Fellow of the Royal Soc�ety, who 

later became the d�rector of Mond Laboratory, Cambr�dge 

Un�vers�ty) to spend a year at the NPL as a UNESCO expert �n 

th�s emerg�ng f�eld. The f�rst l�qu�d a�r plant was �nstalled under 

Dr. Shoenberg’s gu�dance. W�th th�s, stud�es �n low temperature 

phys�cs were started �n the early 1��0s under the leadersh�p of 

Dr. K. G. Ramanathan. In�t�al research focused on the behav�our 

and propert�es of sol�ds at very low temperatures. Some of the 

early �nvest�gat�ons �ncluded measurements of spec�f�c heat, 

thermal expans�on and stud�es on the behav�our of electr�cal 

res�stance at low temperatures known as the Kondo Effect. 

Th�s was, �n fact, the beg�nn�ng of stud�es �n cryogen�cs �n the 

country. 

A view of carbon pilot plant showing 200 tonne hydraulic extrusion press 

in operation for extruding green carbon mix into carbon electrodes

A view of the carbon pilot plant showing production of cinema arc carbons 

by NPL’s patented process of simultaneous extrusion

The first liquid air plant installed at NPL in the 1950s
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Low temperature research got a further boost when, prompted 

by the commerc�al ava�lab�l�ty of a � l�tre/hr hel�um l�quef�er, 

Dr. Kr�shnan got a hel�um l�quefact�on system and an 

electromagnet produc�ng a magnet�c f�eld of 2.� Tesla �nstalled 

�n early 1��2. These fac�l�t�es were the f�rst of the�r k�nd �n the 

country. Dr. Shoenberg, along w�th the NPL sc�ent�sts, carr�ed 

out measurement on de Haas-van Alfven effect – the osc�llat�on 

of magnet�zat�on as a funct�on of the appl�ed magnet�c f�eld 

-- �n b�smuth crystal. In the 1�60s, low temperature work was 

expanded to �nclude stud�es on the Mössbauer Effect -- the 

reco�l-free em�ss�on and absorpt�on of gamma rays by atoms 

bound �n a sol�d -- and later cryogen�c eng�neer�ng.   

2.3 Solid State Physics

The study of sol�ds has been an �mportant component of 

research at the NPL r�ght from �ts early days. The f�rst stud�es 

were related to frequenc�es and anharmon�c osc�llat�ons of 

alkal� hal�de crystals by Dr. Kr�shnan and assoc�ates �n the 

early 1��0s to expla�n the�r �nfrared and Raman spectra. 

Subsequently, exper�mental work on the therm�on�c constants 

of metals and alloys and an extens�ve study of “the d�str�but�on 

of temperature along a th�n rod electr�cally heated �n vacuo” 

were undertaken. These were of part�cular relevance to the 

�ndustry �n the des�gn of therm�on�c tubes and f�lament lamps.

In 1���, a group headed by Dr. S.C. Ja�n used alkal� hal�de 

s�ngle crystals for extens�ve �nvest�gat�ons �nto the propert�es 

of mater�als. These stud�es were a�med at (�) understand�ng the 

mechan�sm of electr�cal conduct�on �n these mater�als and the 

role of �mpur�t�es, and (��) the study of del�berately produced 

crystal defects, part�cularly those generated by add�t�ve 

colourat�on and �rrad�at�on w�th X-rays, l�ke colour centres or 

F-centres and the�r aggregates. For th�s purpose, fac�l�t�es 

for growth of s�ngle crystals of alkal� hal�des were set up. 

Preparat�on and study of th�n f�lms of d�fferent mater�als were 

also undertaken. Deta�led Electron Paramagnet�c Resonance 

(EPR) �nvest�gat�ons of add�t�vely coloured alkal� hal�de crystals 

suggested that changes �n the conduct�v�ty of the crystals 

could be understood �n terms of F and other secondary colour 

centres. 

Fac�l�t�es for measur�ng d�electr�c loss and d�electr�c constant of 

sol�ds were set up. D�electr�c loss measurements on �mpur�ty-

vacancy d�poles �n sod�um chlor�de (NaCl) and potass�um 

chlor�de (KCl) crystals doped w�th �mpur�t�es l�ke cobalt, n�ckel 

and lead were carr�ed out. These stud�es emphas�zed the role 

of �mpur�t�es and defects on the propert�es of mater�als, wh�ch 

depend sens�t�vely on these. It became clear that stud�es on 

propert�es of mater�als are mean�ngful only �f the mater�als are 

well character�zed. Extens�ve character�zat�on of mater�als 

was, therefore, accorded �mportance �n the second phase of 

work at the NPL. 

2.4 Harnessing Solar Energy

The NPL was among the f�rst �n the world to start work on the 

ut�l�zat�on of solar energy.  The ult�mate solut�on to energy 

problems l�es �n ut�l�z�ng a clean, renewable, non-pollut�ng and 

env�ronment fr�endly fuel. Foss�l fuels, wh�ch w�ll be ava�lable 

only for a l�m�ted future, have created several problems 

�nclud�ng global warm�ng. So �t �s a test�mony to the v�s�on of 

the early NPL sc�ent�sts to have started work on the ut�l�zat�on 

of solar energy �n the 1��0s �tself. But at that t�me the use of 

sem�conductors as photovolta�c cells to convert solar energy 

�nto electr�c�ty was yet to be real�zed.  The only method at hand 

was the ut�l�zat�on of solar energy as thermal energy.

Cook�ng food, espec�ally �n the rural areas, consumed a lot of 

f�rewood and charcoal.  Solar cookers developed at the NPL, 

Solar Cooker
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the f�rst ever �n the world, prov�ded a solut�on to the problem. It 

was also demonstrated that solar energy could be ut�l�zed for 

obta�n�ng good qual�ty dr�nk�ng water, for heat�ng water and 

for other s�m�lar purposes. Flat plate collectors, concentrat�ng 

type of collectors, select�ve coat�ngs and var�ous other thermal 

dev�ces were developed to enable these uses. The preparat�on 

of sem�conduct�ng mater�als and fabr�cat�on of photovolta�c 

solar cells were �n�t�ated �n the subsequent phase of work on 

solar energy at the NPL. 

2.5 Industrial Products and Materials 

The development of �ndustr�al mater�als has been an �mportant 

component of R&D r�ght from the early days. In part�cular, �t 

was real�zed that �nd�genous development and the ava�lab�l�ty 

of var�ous electron�c mater�als of �nternat�onal standards were 

�mportant for  the healthy growth of electron�c �ndustry �n the 

country. Keep�ng th�s �n v�ew, the �n�t�al efforts at develop�ng 

�ndustr�al products were ma�nly focused towards �mport 

subst�tut�on. The emphas�s was on the ut�l�zat�on of �nd�genous 

raw mater�als and the development of appropr�ate processes 

based on them. The act�v�ty on �ndustr�al mater�als began 

w�th the development of a range of carbon products, such as 

carbon blocks, brushes and c�nema arc carbons descr�bed 

earl�er, and later �ncluded soft ferr�tes for the enterta�nment 

�ndustry, s�lver m�ca capac�tors, ceram�c rods and capac�tors.

Electron�c ceram�cs was an �mportant group of �ndustr�al 

mater�als that the NPL took up �n the 1��0s and made s�gn�f�cant 

str�des �n the f�eld. As was done for carbon products, a p�lot 

plant called the Development-cum Product�on of Electron�c 

Solar panels

Ferrite products
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Components (DPEC) un�t was set up and technolog�es were 

pursued up to the p�lot plant level for prov�ng the techno-

econom�cs of a process and for user acceptance. A major 

component of the Ind�an electron�c component �ndustry, 

spec�ally ferr�tes and capac�tors, owes �ts or�g�n to th�s 

technology development at the NPL.

2.6 Expansion and Consolidation

In the early 1�60s, mater�als research began to d�vers�fy. 

Work on th�n f�lms was �n�t�ated �n the m�d-1�60s under the 

gu�dance of Dr. V. G. Bh�de, the then deputy d�rector. In the 

m�d-1�60s, Dr. A. R. Verma, the then d�rector of the NPL, 

�nv�ted Dr. G. C. Ja�n, an electr�cal eng�neer and a spec�al�st 

�n sem�conductors, part�cularly the Group IV sem�conductors 

s�l�con (S�) and german�um (Ge), to jo�n the NPL. A group 

work�ng on sem�conductor mater�als was formed under h�m. 

Preparat�on of sem�conductor grade s�l�con from ferros�l�con 

that was ava�lable �n the country as the by-product of steel 

�ndustry was started. In the late 1�60s, a group work�ng on 

phosphors as lum�nescent mater�als was also started.

To consol�date the ongo�ng programme of mater�als research 

at the Laboratory, a new Division of Materials was created to 

�nclude, bes�des the sem�conductor group, the other separate 

un�ts work�ng on carbon products, the DPEC and lum�nescent 

mater�als. Later, w�th a v�ew to g�ve boost to electro-ceram�cs 

(p�ezoelectr�c ceram�cs and techn�cal ceram�cs) act�v�ty, 

and to produce p�ezoelectr�c components and dev�ces l�ke 

transducers based on mater�als developed at the NPL, the 

ongo�ng work on ultrason�cs was expanded to �nclude these 

areas as well and was also brought under the new umbrella 

d�v�s�on.  

One of the ma�n object�ves of th�s d�v�s�on was to conduct 

bas�c and appl�ed research to develop new mater�als and 

assoc�ated dev�ces. The bas�c ph�losophy was to start from 

�nd�genous raw mater�als and, us�ng �nd�genous technology 

as far as poss�ble, develop advanced mater�als, components 

and dev�ces. In the early 1�70s, R&D on mater�als, part�cularly 

electron�c mater�als, further expanded. S�ngle crystal s�l�con 

�ngots began to be grown by Czochralsk� crystal pull�ng 

techn�que and fabr�cat�on of h�gh power rect�f�ers was also 

started. The development of z�nc sulph�de (ZnS) and cadm�um 

sulph�de (CdS) phosphors was also �n�t�ated for appl�cat�on �n 

cathode ray tubes (CRTs) and TV p�cture tubes. 

2. 7 Other Significant Developments

W�th the ava�lable expert�se and an R&D base on �ndustr�al 

mater�als, the NPL could also f�nd solut�ons to spec�f�c 

problems faced by government agenc�es, �nst�tut�ons or the 

�ndustry. Notable ach�evements of th�s nature �nclude the 

formulat�on of ‘Indel�ble Ink’, the �nd�genous development of 

photocopy�ng mach�ne and the establ�shment of an �ndustr�al 

scale product�on fac�l�ty for ferr�tes.  

Indelible Ink

How to check �mpersonat�on dur�ng vot�ng at the general 

elect�ons of the country was an �mportant nat�onal problem that 

the Elect�on Comm�ss�on of Ind�a was confronted w�th. G�ven 

the s�ze of the electorate �n Ind�a, th�s was �ndeed a mammoth 

problem for wh�ch the Comm�ss�on had wanted a s�mple 

sc�ent�f�c solut�on. The chem�sts of the NPL came up w�th a 

formulat�on for ‘Indel�ble Ink’ �n 1��2.  Th�s �nk, when appl�ed 

to the f�ngerna�l of the voter, would leave a mark that would 

last for several weeks, thus prevent�ng the voter from vot�ng 

aga�n. Th�s method was so successful that �t has been used �n 

all subsequent general elect�ons �n the country. Its ut�l�ty has 

been shown on a large scale over an extended per�od of t�me. 

Indeed, some fore�gn countr�es have also adopted th�s �nk for 

the�r elect�ons.

Photocopying Machine

The need for the development of electrostat�c photocopy�ng 

mach�ne �nd�genously was urgently felt �n the late 1�60s 

because fac�l�t�es for copy�ng documents, so essent�al for 

academ�c and bus�ness work, were not read�ly ava�lable �n 

the country. The NPL successfully developed the technology 

for mak�ng such equ�pment �nd�genously �n 1�70. The cost 

of the �nd�genous mach�ne was est�mated at Rs. 10-12,000 

and the cost per pr�nt at about 10-12 pa�se. S�m�lar �mported 

mach�nes that were ava�lable at that t�me were one of Pol�sh 

or�g�n cost�ng about Rs. 60,000/- and a Rank Xerox mach�ne 

cost�ng about Rs. 1 lakh. The complete techn�cal know-how 
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for the mach�ne developed by the NPL was transferred to the 

Ind�an �ndustry. Even though th�s pla�n-paper cop�er mach�ne 

was a mechan�cal model, �t had a s�gn�f�cant �mpact on the 

reprography �ndustry �n the country. 

Offshoot

An �mportant offshoot of the early mater�als R&D act�v�t�es 

at the NPL �s the creat�on of an �ndustr�al un�t �n the publ�c 

sector, the Central Electron�cs Ltd. (CEL), to product�on�se the 

technolog�es developed. 

 3.  ADVANCED MATERIALS

Human endeavour has created mater�als that nature d�d not 

make. It has now become poss�ble to des�gn and develop new 

mater�als, accord�ng to des�red propert�es, character�st�cs and 

spec�f�cat�ons. Such mater�als have become so cr�t�cal to the 

economy of a nat�on that �ts capac�ty to produce these �n des�red 

var�ety, quant�ty and qual�ty �s an �ndex of �ts development and 

advancement. 

 

R&D �n advanced mater�als ga�ned momentum at the NPL �n 

the m�d-1�70s, wh�ch can be termed as the second phase of 

mater�als development. It began under the leadersh�p of Dr. 

A.R. Verma, the then d�rector, and �s be�ng pursued t�ll date. 

The object�ve has been to develop new classes of mater�als, 

such as spec�al metals and alloys, ceram�cs, polymers, carbon 

mater�als, sem�conduct�ng mater�als, superconduct�ng mater�als, 

optoelectron�c mater�als, p�ezoelectr�c mater�als, magnet�c 

mater�als, ferroelectr�c mater�als, superhard mater�als, glasses, 

f�bres and compos�te mater�als, w�th a focus on futur�st�c mater�als 

and dev�ces. Accord�ngly, the R&D act�v�t�es are grouped as 

follows:

• Metals and Alloys

• Advanced Carbon Products

• S�l�con and S�l�con Dev�ces

• L�qu�d Crystals and D�splay Dev�ces

• Polymer�c Mater�als and Dev�ces

• Th�n F�lm Technology

• Electron�c Ceram�cs

• Lum�nescent Mater�als and Dev�ces

• Cryogen�cs and Superconduct�v�ty

• Mater�als Character�zat�on

3.1  Metals and Alloys

A broad based R&D �n metals and alloys at the NPL grew out of an 

act�v�ty that was or�g�nally started �n 1�7� called the Hydrostat�c 

Extrus�on and Mater�al Synthes�s P�lot Plant (HEPP), a f�ve-year 

project w�th major f�nanc�al ass�stance from the Un�ted Nat�on 

Development Programme (UNDP) and the Br�t�sh Colombo Plan 

Ass�stance programme. Under th�s project, two major act�v�t�es 

were �n�t�ated: (�) modern metal form�ng techn�ques for develop�ng 

d�fferent ferrous/non-ferrous metals and alloys �n d�fferent shapes 

and s�zes for Ind�an �ndustr�es; and, (��) synthes�s of superhard 

mater�als, �nclud�ng s�ngle crystals of d�amond, cub�c boron 

n�tr�de (cBN) and the�r polycrystall�ne s�ntered compos�tes.

The metal-form�ng fac�l�t�es ma�nly compr�sed the follow�ng three 

major act�v�t�es:

• P�lot and laboratory scale hydrostat�c extruder set-up  

 under the UNDP project to develop products, such as  

 copper clad alum�n�um w�res, bus bars and tubes, and  

 spec�al shapes, l�ke f�nned tubes and hel�cal gears.

• Shear sp�nn�ng mach�ne to develop th�n-walled c�rcular  

 tubes �n a var�ety of mater�als, such as sta�nless steel,  

 �ncoloy (n�ckel-�ron-chrom�um alloy), �nconel (n�ckel-based  

 superalloy for h�gh temperature appl�cat�ons) and t�tan�um.

• �00 tonne vert�cal hydraul�c mult�-purpose press to carry out  

 R&D �n hot extrus�on and cold/warm closed d�e forg�ng  

 for “near-net shaped” components – techn�que to produce  

 the f�nal shaped products w�thout requ�r�ng any further  

 process�ng.  

500 tonne vertical hydraulic multipurpose instrumentated press

set-up in 1980 under Colombo Plan Assistance Programme and being 

used for developing ferrous, non-ferrous and composite components 

employing hot extrusion and near-net shaped cold/warm forging
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T�ll 1���, these act�v�t�es were l�m�ted to R&D �n metal form�ng 

of d�fferent metals and alloys.  Subsequently, the focus sh�fted 

to a more versat�le and �ntegrated R&D act�v�ty, w�th emphas�s 

both on pr�mary and secondary process�ng, product and 

technology development, �nclud�ng character�zat�on, �n a w�de 

spectrum of metall�c and compos�te mater�als spec�ally to 

meet �ndustr�al needs. Th�s comprehens�ve upgradat�on was 

poss�ble by �ntegrat�ng the ex�st�ng metal-form�ng fac�l�t�es w�th 

the newly created modern pr�mary process�ng fac�l�t�es and 

ded�cated character�zat�on fac�l�t�es for phys�cal, metallurg�cal 

and mechan�cal test�ng and evaluat�on of metall�c mater�als 

under one umbrella. In th�s fash�on a strong techn�cal base for 

process�ng and character�zat�on of metals and spec�al alloys 

came to be establ�shed at the NPL. 

The pr�mary process�ng fac�l�t�es �nclude l�qu�d metallurgy 

(st�r-cast�ng), powder metallurgy and a state-of-the-art spray 

form�ng un�t for synthes�z�ng novel metals and alloys. The 

spray atom�zat�on and depos�t�on fac�l�ty was �nd�genously 

des�gned and developed at the NPL �n the 1��3 for the f�rst 

t�me �n the country. Th�s fac�l�ty has been extens�vely used for 

the synthes�s of l�ghtwe�ght novel and strateg�c alloys, such as 

d�fferent grades of alum�num (Al) and magnes�um (Mg) alloys.  

The augmentat�on of these state-of-the-art exper�mental 

fac�l�t�es has enabled the Laboratory to undertake several 

sponsored, nat�onal and �nternat�onal collaborat�ve and 

consultancy projects for develop�ng several process 

technolog�es and components. Part�cular ment�on may be 

made of the development of processes for Al and Mg alloys 

us�ng the hot extrus�on techn�que. Several organ�zat�ons, 

�nclud�ng academ�c �nst�tut�ons and R&D laborator�es, have 

also used these fac�l�t�es to develop components, such as 

rods, tubes, shapes and sect�ons �n d�fferent ferrous, non-

ferrous and other h�-tech mater�als �nclud�ng metal matr�x 

compos�tes (MMCs), as well as to study the character�st�cs of 

hot deformat�on behav�our of novel mater�als.  

The major thrust areas of R&D are the follow�ng:

• Development of l�ghtwe�ght and h�gh strength components  

 for strateg�c appl�cat�ons, espec�ally �n the aerospace  

 �ndustry, employ�ng hot extrus�on and cold/warm forg�ng  

 processes;

• Synthes�s of novel l�ght alloys and MMCs us�ng pr�mary  

 process�ng techn�ques, such as l�qu�d metallurgy, powder 

 metallurgy and spray form�ng, and the�r phys�cal,   

 metallurg�cal and mechan�cal character�zat�on;

• Development of d�fferent grades of MMCs, w�th 

 re�nforcements of s�l�con carb�de d�scont�nuous,   

 alum�n�um ox�de, fly ash etc. �n d�fferent volume fract�ons,  

 us�ng powder metallurgy and l�qu�d metallurgy techn�ques. 

 

3.1.1 Superhard Materials

As the name �mpl�es, the class of superhard mater�als possess 

extremely h�gh hardness because of wh�ch they have w�de 

Spray Forming Unit indigenously designed, developed and commissioned 

at NPL in 1993 for the synthesis of reactive and novel metals and alloys

200-tonne cubic press installed under UNDP Programme in late seventies 

and has been used to synthesize superhard materials
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appl�cat�ons �n the abras�ve and cutt�ng-tool �ndustr�es.  Work 

�n th�s area at the NPL �ncluded synthes�s of s�ngle crystals 

of d�amond and cub�c boron n�tr�de (cBN) from graph�te and 

hexagonal boron n�tr�de respect�vely at h�gh pressure and 

temperature us�ng catalyst solvent process. The equ�pment 

used for the synthes�s of d�amonds was the laboratory scale 

200-tonne cub�c press capable of generat�ng pressures up to 

70 kbar and temperatures up to 2000 0 C.  W�th th�s equ�pment, 

graph�te, �n the presence of a solvent or a catalyst l�ke n�ckel, 

�nvar or monel, was transformed to d�amond. D�amonds 

were thus synthes�zed at the NPL �n 1�7� for the f�rst t�me 

�n the country. Electron Paramagnet�c Resonance (EPR) 

�nvest�gat�ons of such d�amonds showed that the EPR l�ne 

w�dth was sens�t�ve to the catalyst used and could be used as 

an �ndex of the qual�ty of the synthet�c d�amonds produced. 

Industr�al grade synthet�c s�ngle crystals of d�amond were 

presented to Ms. Ind�ra Gandh�, the then Pr�me M�n�ster of 

Ind�a, on October 22, 1�7�.

In order to scale up the synthes�s of s�ngle crystals of d�amond, 

cBN and the�r compos�tes, a 1000-tonne hydraul�c press w�th 

belt-type d�e/punch assembly was added to the fac�l�ty. Later, 

s�ngle crystals of cBN were synthes�zed from both turbostat�c 

(less ordered than crystall�ne) and amorphous forms of boron 

n�tr�de. For pol�sh�ng, gr�nd�ng and cutt�ng of hardened steels 

�n the mach�ne tool �ndustry, cBN compacts are used, wh�ch 

are made by press�ng cBN d�sc under h�gh pressure and h�gh 

temperature cond�t�ons. Th�s was successfully done at the 

NPL.

3.1.2  Products and Technologies

In the earl�er phase of metals and alloys act�v�ty, the emphas�s 

was on the development of components for �mport subst�tut�on 

and �nd�gen�zat�on. In recent years, however, the focus has 

sh�fted towards development of products, components and 

technolog�es for the Ind�an �ndustry. The current thrust �s on 

the development of strateg�c l�ghtwe�ght and h�gh strength 

components for aerospace, automob�le and general eng�neer�ng 

�ndustr�es. The major ach�evements made by the group �n the 

development of components and technolog�es for d�fferent 

sectors are summar�zed below:

General Engineering Industry

Several components have been developed for d�fferent user 

agenc�es us�ng secondary process�ng techn�ques, �nclud�ng 

hot extrus�on and cold/warm forg�ng for near-net shaped 

Single crystals of synthetic diamonds synthesized using 200 tonne cubic press

cBN polycrystalline composites synthesized using 200 tonne cubic press

Industrial grade single crystals of synthetic diamonds presented to Ms. Indira 

Gandhi, the then prime minister of India, by Dr. A.R. Verma, the then Director, 

NPL, on October 22, 1975



73

components, both �n ferrous, non-ferrous metals and alloys, 

�nclud�ng compos�tes.  

One of the s�gn�f�cant developments was the work carr�ed out 

for the Bharat Heavy Electr�cals Ltd. (BHEL). These �nclude the 

development of sta�nless steel (grade 30�, 316, 321) c�rcular 

heat exchanger tubes and cupro-n�ckel (70/30, �0/10), adm�ralty 

(a k�nd of brass) and alum�n�um-brass c�rcular condenser tubes. 

As a consequence of develop�ng the above technolog�es, under 

a project sponsored by the UNDP, a techno-econom�c feas�b�l�ty 

study for sett�ng-up a cupro-n�ckel and t�tan�um tube plant �n 

Ind�a for produc�ng c�rcular tub�ng for heat exchangers was 

undertaken jo�ntly w�th the BHEL.

Ment�on may also be made of the prototype motor body 

component (reduced scale) developed for the Defence 

Metallurg�cal Research Laboratory (DMRL), Hyderabad, and the 

low dens�ty and h�gh st�ffness alum�n�um-l�th�um (Al-�L�) MMC 

developed under collaborat�ve programme w�th Fraunhofer 

Inst�tute of Mater�al Research (IFAM), Dresden, Germany. The 

latter has potent�al appl�cat�ons �n the aerospace �ndustry.

Aerospace Industry

L�ghtwe�ght/h�gh strength components, pr�mar�ly �n alum�n�um 

and magnes�um alloys and the�r compos�tes, were developed 

for the aerospace �ndustry. These �ncluded (�) aerospace grade 

Al r�vet w�res, (��) alum�n�um-l�th�um (Al-L�) l�ghtwe�ght �nserts for 

the H�ndustan Aeronaut�cs Ltd. (HAL); (���) sk�d land�ng gear 

tubes for HAL’s Advanced L�ght Hel�copter (ALH);  (�v) Mg-alloy 

square tub�ng for �ts proposed use �n the Polar Satell�te Launch 

Aerospace grade Al-alloy rivet wires developed jointly with HAL under the 

indigenization programme for aerospace industries

Aerospace grade MMC tubes, as compressive strut 

members for INSAT under weight reduction programme

Extruded circular tubes of cupro-nickel Al-Li light weight inserts for INSAT developed jointly with HAL under the 

indigenization programme
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Veh�cle (PSLV) of the Ind�an Space Research Organ�zat�on 

(ISRO); and, (v) aerospace grade MMC tubes as compress�ve 

strut members for INSAT. 

Automobile Industry
S�gn�f�cant work for the automob�le �ndustry has been done 

under d�fferent consultancy and sponsored projects. Under 

a f�ve-year collaborat�ve project between the CSIR and the 

Agency for Industr�al Sc�ence and Technology (AIST) of the 

M�n�stry of Internat�onal Trade and Indutsry (MITI) of Japan, 

a few selected prototype automob�le components employ�ng 

cold/warm forg�ng have been developed. 

A techno-econom�c feas�b�l�ty report for sett�ng up a cold/warm 

forg�ng plant was prepared under a project sponsored by

M/s Hero Group of Industr�es. Based on th�s, a plant has s�nce 

been set-up at Gurgaon, where ��0,000 sets of ten d�fferent 

transm�ss�on components (spl�ned shaft and gear blanks) are 

be�ng manufactured per year.

Rods and tubes �n d�fferent grades of Mg-alloys were 

developed us�ng extrus�on technology under a consultancy 

project sponsored by M/s General Motors.

Mg-alloy square extruded tube developed for VSSC for its proposed 

use in PSLV under the weight reduction programme

Oval shaped Al-alloy skid landing gear tubes developed for HAL for their 

use in ALH under weight reduction programme

Near-net shaped components manufactured by M/s Shivam Autotech Ltd. 

(a subsidiary of M/s Hero Group of Companies) based on the Techno-

Econimic Feasibility Report prepared by NPL for setting up this plant
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3.1.3 Ongoing Activities 

Some of the �mportant R&D work be�ng carr�ed out and to be 

carr�ed out �n the near future �ncludes: 

• Development of novel, h�gh-performance alloys us�ng  

 the spray-form�ng techn�que, such as alum�n�um-s�l�con  

 (Al-S�) hypereutect�c alloys and Mg-alloys; 

• Development of Mg-alloy components    

 by  deformat�on process�ng us�ng the extrus�on   

 techn�que and the development of Mg-alloy sheets;

• Synthes�s of bulk nano-metall�c mater�als us�ng   

 equal channel angular press�ng employ�ng severe   

 plast�c deformat�on techn�que; and,

• Development of bulk nanomater�al powders   

 us�ng cryom�ll�ng followed by hot �sostat�c press�ng (HIP)  

 and hot extrus�on

3.2 Advanced Carbon Products

3.2.1 Carbon Fibres

W�th the �nvent�on of carbon f�bres dur�ng 1�66-67 for 

structural appl�cat�ons, advanced and strateg�c uses of 

carbon f�bres also came to the fore.  The Department of 

Space (DOS), the Defence Research and Development 

Organ�zat�on (DRDO) and the Department of Atom�c Energy 

(DAE) had drawn up amb�t�ous programmes, wh�ch requ�red 

the ava�lab�l�ty of carbon f�bres and carbon compos�tes 

�n the country. As ment�oned earl�er, R&D work on carbon 

f�bres was �n�t�ated at the NPL �n 1�72 as part of the ongo�ng 

programme �n carbon products. Subsequently, an �nter-

laboratory programme �nvolv�ng s�x prem�er �nst�tutes of the 

country, supported jo�ntly by the Un�ted Nat�ons Development 

Programme (UNDP) and the Department of Sc�ence and 

Technology (DST), was �n�t�ated �n 1�7�-7�.

Extens�ve work on carbon f�bres was f�rst carr�ed out us�ng 

�nd�genously ava�lable v�scose rayon precursor f�bres and 

�mported poly-acrylon�tr�le (PAN) precursor f�bres, and later 

w�th coal tar p�tch mater�als. Later, a p�lot plant was des�gned 

and bu�lt at the NPL to produce �ndustr�al grade carbon f�bres 

from PAN precursor on a cont�nuous scale.

3.2.2 Carbon-Carbon Composites

In 1��0 work on carbon-carbon compos�tes for b�o-med�cal 

appl�cat�ons was started and spec�al p�tches for us�ng as 

matr�x mater�als for such compos�tes were developed. 

Alongs�de, a project for develop�ng carbon-carbon 

compos�tes for space appl�cat�ons, sponsored by the V�kram 

Sarabha� Space Centre (VSSC), Th�ruvanantapuram, was 

completed successfully. In 1��3, Dr. A.P.J. Abdul Kalam, 

the then D�rector, Defence Research and Development 

Laboratory (DRDL), Hyderabad, approached the NPL to 

jo�n hands �n develop�ng spec�f�c grades of carbon-carbon 

compos�tes for mak�ng var�ous components, part�cularly 

the nose t�p of the Agn� m�ss�le.  Th�s �nvolved develop�ng 

a technology/process for 3-d�mens�onal weav�ng of carbon 

f�bre preforms and develop�ng su�table grades of coal tar 

p�tches for the�r dens�f�cat�on.  F�rst, a scaled down nose t�p 

was made at the NPL wh�ch passed all the DRDL tests. Th�s 

technology of carbon compos�tes has been taken by the 

DRDL for scal�ng up and for develop�ng other assoc�ated 

components.

A view of the scaled down carbon-carbon composite nose tip 

developed at NPL
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3.2.3 QI-Free Coal Tar Pitch

Carbon products, �nclud�ng carbon-carbon skeleton, are usually 

porous w�th poros�ty of 30% or even h�gher. The products, 

therefore, are subjected to a process of dens�f�cat�on us�ng 

spec�ally made coal tar p�tch mater�al, essent�ally free of soot-

l�ke f�ne part�cles of 1-2 m�crometre s�ze, wh�ch are �nsoluble 

�n qu�nol�ne solvent. Contam�nat�on of p�tch w�th such qu�nol�ne 

�nsoluble (QI) part�cles can lead to cake-l�ke format�on around 

carbon products, wh�ch degrades the product performance. 

Spec�al grade QI-free coal tar p�tch was developed, wh�ch �tself 

acts as a mother raw mater�al for p�tch based carbon f�bres, 

h�gh dens�ty graph�te, h�gh thermal conduct�v�ty graph�te etc. 

Technolog�es for mak�ng h�gh-dens�ty �sotrop�c graph�te from 

mesophase spherules as well as green coke were developed 

us�ng the �n-house know-how of QI-free p�tch. Other technolog�es 

that have been transferred to var�ous Ind�an �ndustr�es �nclude 

flex�ble graph�te, PANEX f�bres, glassy carbon and av�at�on 

grade carbon brushes for M�G a�rcraft. These were transferred 

to var�ous carbon �ndustr�es �n Ind�a. Carbon monof�lament for 

defence appl�cat�on was also developed successfully from QI-

free p�tch under a project sponsored by the DMRL, Hyderabad. 

F�lament samples were also suppl�ed to the sponsor�ng 

laboratory.

3.2.4 Other Carbon Products

Over the years, carbon products act�v�ty at the NPL has resulted 

�n several new processes and a var�ety of advanced carbon 

products, the technolog�es of wh�ch have been transferred to 

var�ous  organ�zat�ons and �ndustr�es.  Patents have also been 

granted to many of these.

A sample of QI-free impregnating grade coal tar pitch developed at NPL by the state-of-the-art process. The pitch is used extensively for densification of graphite 

electrodes, carbon-carbon composites and also used as a precursor for carbon fibres, supreme quality needle coke, high density high strength graphite etc
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High density-isotropic graphite artifacts Flexible graphite Glassy Carbon artifacts

Aviation Grade Carbon Brushes Carbon Composite Rings for Ilizarov 

Fixator

An �mproved subst�tute for the sta�nless steel r�ngs employed 

�n the Ill�zarov f�xator, used �n the treatment of pol�o and other 

orthopaed�c deform�t�es, was also developed.  The process 

know-how for these carbon compos�te r�ngs was transferred to 

an �ndustry. 

A spec�al coal tar p�tch, w�th reduced content of harmful 

Polycycl�c Aromat�c Hydrocarbons (PAH), was developed 

for the M�n�stry of Env�ronment and Forests (MoEF). Under 

a project sponsored by the Naval Mater�als Research 

Laboratory (NMRL), Ambernath, porous conduct�ng carbon 

paper for fuel cell appl�cat�on was successfully real�zed. The 

mesophase development �n the p�tches obta�ned from streams 

of the Ind�an O�l Corporat�on (IOC) was stud�ed �n deta�l and 

carbon f�bres from su�table ref�nery streams were developed.

H�gh Thermal Conduct�v�ty Spec�al Graph�te for use as f�rst 

wall mater�al for Tokamak (Nuclear Fus�on Reactor) has 

been developed for the Inst�tute for Plasma Research (IPR), 

Gandh�nagar. The technology for the product�on of carbon 

ceram�c compos�te -- spec�al graph�te that can w�thstand 

ox�dat�on w�thout we�ght loss at temperatures of �00-1200 0 C �n 

a�r -- has been recently developed. 

3.2.5 Ongoing Activities

Bes�des consultancy work sponsored by �ndustr�es, current R&D 

work on advanced carbon products �ncludes synthes�s of carbon 

nanotubes and compos�tes, s�l�con carb�de nanomater�als, h�gh 

thermal conduct�v�ty carbon-carbon compos�tes and f�ne gra�ned 

graph�te for spec�al�zed appl�cat�ons, porous carbon paper and 

b�polar plate for fuel cell appl�cat�ons, mesophase p�tch for 

h�gh performance carbon f�bres, spec�al h�gh dens�ty graph�te 

for electron/m�crowave tubes, carbon-ceram�c compos�tes 

for eng�neer�ng and �ndustr�al appl�cat�ons, spec�alty carbon 

mater�al for novel nuclear reactors and carbon-graph�te for 

aeronaut�cal appl�cat�ons.

Samples of advanced carbon products such as high density graphite, flexible graphite, glassy carbon artifacts, aviation grade carbon brushes and carbon 

composite rings developed at NPL

Carbon Composite Rings for Ilizarov 
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3.3 Silicon and Silicon Devices

As has been ment�oned earl�er, work on the preparat�on of 

sem�conductor grade polycrystall�ne s�l�con (poly-S�) and 

s�l�con dev�ces, wh�ch began �n 1�66, was one of the earl�est 

act�v�t�es �n mater�als R&D at the NPL. Poly-S� was prepared 

�n�t�ally from metallurg�cal s�l�con and ferros�l�con us�ng s�l�con 

tetra �od�de process, vacuum cast�ng of polycrystall�ne s�l�con 

rod and compact�ng of poly-S� rod (by float zone method). The 

method adopted later used tr�chloros�lane and poly-S� was 

depos�ted on tungsten w�re or th�n poly-S� rods �n the presence 

of hydrogen �n a S�emen’s quartz reactor. S�ngle crystal S� 

was obta�ned by the float zone method at a level of pur�ty that 

corresponded to ~100 ohm-cm res�st�v�ty.

 

3.3.1 Products and Technologies

Silicon Power Rectifier and Controlled 
Rectifier Pellets

Dur�ng 1�71-1�7�, a process of fabr�cat�on of s�l�con h�gh power 

rect�f�ers us�ng alum�num (Al) alloy�ng on n-type float-zone (FZ) 

s�l�con wafers was developed.  Power d�ode pellets capable of 

operat�ng at 100 ampere �n forward d�rect�on and hav�ng more 

than 1 kV reverse breakdown voltage were also developed.  

The know-how for s�l�con power rect�f�er was g�ven to M/s. 

Usha Rect�f�ers, Far�dabad.  Later a closed quartz capsule 

d�ffus�on techn�que was also developed for s�multaneous deep 

d�ffus�on of gall�um (Ga) and shallow d�ffus�on of arsen�c (As) 

to fabr�cate p-n-p-n structures su�table for s�l�con controlled 

rect�f�ers (SCRs). 

Single Crystal and Polycrystalline Silicon

Dur�ng 1�7�-77, �0 mm d�ameter s�ngle crystal �ngots were 

grown us�ng Czochralsk� (Cz) crystal pull�ng process. In the 

late 1�70s, an R&D programme on solar energy mater�als and 

photovolta�c (PV) cells or solar cells was started. In�t�al work 

was based on poly-S�. Low cost techn�ques of preparat�on 

and pur�f�cat�on of tr�chloros�lane, thermal decompos�t�on 

of tr�chloros�lane on th�n poly-S� rods to obta�n poly-S� rods 

and d�rect�onal sol�d�f�cat�on of poly-S� rods by FZ process to 

obta�n wafers w�th columnar gra�ns from them were developed. 

A low cost process of fabr�cat�on of solar cells us�ng these 

wafers of 16 mm d�ameter was developed. A techn�que to 

photoelectrochem�cally grow a porous s�l�con layer that worked 

as ant�reflect�on (AR) coat�ng was �nvented and used for g�v�ng 

AR coat�ng to the cells. These were used for mak�ng PV modules 

w�th wh�ch operat�on of water pumps, rad�os and electron�c 

fans was demonstrated. Solar cells of d�ameter up to 22 mm, 

and eff�c�ency up to 11%, were made us�ng th�s process. 
Set-up for thermal decomposition of silicon tetra iodide on tantalum wire for 

obtaining poly-Si

Czochralski crystal puller
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Multicrystalline Silicon Ingots

The process of grow�ng large gra�n poly-S�, also called 

mult�crystall�ne s�l�con or mc-S�, �ngots by d�rect�onal 

sol�d�f�cat�on techn�que was developed under a project 

funded by the Department of Non-Convent�onal Energy 

Sources (DNES), wh�ch later became the M�n�stry of Non-

Convent�onal Energy Sources (MNES). Ingots up to �� mm 

d�ameter and �0 mm x �0 mm square sect�on were grown 

successfully �n s�l�ca and graph�te cruc�bles respect�vely 

us�ng the ex�st�ng crystal growth equ�pment, wh�ch were 

mod�f�ed su�tably to carry out d�rect�onal sol�d�f�cat�on by the 

cruc�ble lower�ng method (CLM). Later, a reusable cruc�ble 

process was developed that enabled the use of the same 

cruc�ble a number of t�mes and thus grow a number of 

�ngots. Th�s techn�que has been patented �n Ind�a and the 

USA. The CLM method has also been used to grow mc-Ge 

�ngots for the IRDE, Dehradun, for mak�ng �nfrared lenses for 

n�ght v�s�on dev�ces.

Large Area Silicon Solar Cells

The work on the development of large area solar cells us�ng 

screen-pr�nted metall�zat�on started �n Apr�l 1��2 w�th fund�ng 

from the MNES. Dur�ng 1��2-�6, fac�l�t�es for process�ng 

n+-p- p+ structure based solar cells of 100 mm d�ameter 

and 100 mm x 100 mm s�ze were developed.  Var�ous un�t 

processes, such as textur�ng of (100)-S� wafers, fabr�cat�on 

of p-n junct�on �n S� wafers us�ng POCl3 l�qu�d source, screen 

pr�nted contacts on front and back surfaces and s�l�con 

n�tr�de AR coat�ng by Plasma Enhanced Chem�cal Vapour 

Depos�t�on (PECVD), were developed and �ntegrated �nto a 

process that gave more than 13.�% eff�c�ency act�ve area 

solar cells.  Work�ng �n collaborat�on w�th the CEL, Sah�babad, 

a back contact that saved �0% s�lver was des�gned. Th�s 

was �mplemented �n CEL’s full solar cell product�on l�ne.

Demonstration of water pumping using indegenously developed 

16 mm size polycrystalline silicon solar cells at NPL

Reusable graphite crucible used a number of times to grow 

multicrystalline silicon ingots

10 cm x 10 cm pseudo square mono crystalline silicon soler cell with screen printed 

silver contacts and PECVD silicon nitride AR coatings fabricated at NPL
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PIN Photodiodes

The development of p-�-n or PIN s�l�con photod�odes for use w�th 

crystal sc�nt�llators for detect�ng gamma rays was carr�ed out 

dur�ng 2000-200�.  In th�s work, PIN photod�odes of 1 cm x 1 

cm area were made us�ng n-type s�ngle crystal wafers of �0 mm 

d�ameter and 1000 ohm-cm res�st�v�ty. A thermally grown s�l�con 

d�ox�de (S�O2) layer of th�ckness 110-120 nm on the front surface 

served as ant�reflect�on coat�ng.

VLSI  Process Simulator

Dur�ng the per�od 1���-1���, a 1-D and 2-D VLSI process 

s�mulator called STEPS was developed under a mult�-�nst�tut�onal 

project coord�nated by the Department of Electron�cs (now 

the M�n�stry of Commun�cat�ons and Informat�on Technology). 

‘D�ffus�on Modules’ for s�mulat�on of d�ffus�on of dopant 

�mpur�t�es �n s�l�con under neutral and ox�d�z�ng atmosphere 

were developed for �ntegrat�on �nto STEPS.

Photovoltaic Mechanical Load Tester

Under an MNES-funded project, the des�gn and development 

of a PV mechan�cal load test�ng equ�pment to w�thstand w�nd, 

Plasma Enhanced Chemical Vapour Deposition (PECVD) system for giving 

silicon nitride AR coating to silicon solar cells

Mechanical Load Tester system for testing the performance of PV modules 

under wind snow and ice loads

Diffusion furnace used for phosphorous-diffusion in 100 mm diameter or 100 

mm x 100 mm size Si wafers for creation of n +-p junction for silicon solar 

cells 
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ASTM picture of liquid crystal molecules arranged in array

A 3 1/2 digit 7-segmented twisted namatic liquid crystal display 

snow and �ce loads as recommended by IEC-Standard was 

undertaken and accompl�shed �n 2000. Such a system was 

�nstalled and comm�ss�oned at the Solar Energy Centre, Gwal 

Pahar�, Haryana.

3.4 Liquid Crystals and Display Devices

L�qu�d crystals, an emerg�ng area of research �n the 1�70s, are 

a fasc�nat�ng phase of matter. Work on l�qu�d crystals at the NPL 

began �n 1�73 as a pr�or�ty area �n mater�als R&D, w�th the pr�mary 

object�ve of develop�ng �nd�genously both nemat�c and thermal 

cholester�c l�qu�d crystal d�splay (LCD) dev�ces and electro-

opt�cal numer�c d�splay dev�ces for a var�ety of appl�cat�ons. 

The molecules of both nemat�c and thermal cholester�c l�qu�d 

crystals exh�b�t long-range or�entat�onal order and short-range 

pos�t�onal order but the latter have �n add�t�on a handedness 

or a tw�st. The order parameter was stud�ed through d�electr�c 

spectroscopy, opt�cal b�refr�ngence, �nfrared (IR) spectroscopy 

and Electron Paramagnet�c Resonance (EPR). These 

measurements showed that the molecular geometry of l�qu�d 

crystals played an �mportant role �n determ�n�ng the behav�our of 

the order parameter.

3.4.1  Thermal Liquid Crystal Devices

Thermal LCD dev�ces were developed to mon�tor amb�ent and 

body temperatures by change of colour of a th�n cholester�c l�qu�d 

crystal f�lm. The temperature sens�t�v�ty of the thermal dev�ce, 

and the temperature range over wh�ch the colour changed, 

could be controlled by vary�ng the compos�t�on of the cholester�c 

compounds. Var�ous cholester�c compounds were synthes�zed 

�n the Laboratory to fabr�cate thermal LCD dev�ces and the 

technology to encapsulate the dev�ces was also developed. The 

NPL know-how to produce thermal LCD dev�ces was transferred 

to Ind�an �ndustr�es through the Nat�onal Research Development 

Corporat�on (NRDC).

3.4.2 Field-effect Liquid Crystal Display 
Devices

The seven segmented f�eld effect LCDs were developed just w�th�n 

a few years of the�r f�rst �ntroduct�on �n the �nternat�onal market. 

The R&D work �nvolved both bas�c and appl�ed research work to 

understand and �mprove upon the performance character�st�cs 

of LCDs. The total technology package to produce 7-segment 

mult�-d�g�t LCDs for electron�c watches, calculators and d�g�tal 

panel meters was developed at the Laboratory and the know-

how passed on to many �ndustr�es for commerc�al product�on. 

Work at the NPL has kept up w�th the advances �n the f�eld and 

a w�de var�ety of LCDs, such as coloured LCDs, double guest-

host LCDs, super tw�sted nemat�c LCDs, polymer d�spersed 

LCDs and ferroelectr�c LCDs, have been developed and the�r 

performance character�st�cs determ�ned. The R&D act�v�ty was 

also expanded to develop electrochrom�c and plasma gas 

d�scharge d�splays.

3.4.3 Ferroelectric Liquid Crystal Display 
Devices

Ferroelectr�c L�qu�d Crystals (FLCs) have been stud�ed 

extens�vely because of the�r large electro-opt�c effects, wh�ch 

make them prom�s�ng for opt�cal d�splays, and the�r �nterest�ng 
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Characterization facility for liquid crystals

bas�c propert�es. Due to the�r b�-stab�l�ty and m�crosecond 

sw�tch�ng response, FLCs have a b�g advantage over nemat�c 

LCDs. However, there are st�ll many problems �n the�r extens�ve 

appl�cat�on, �nclud�ng the understand�ng and control of al�gnment, 

sw�tch�ng mechan�sms etc. The most w�dely used LCD based 

on FLCs �s the Surface Stab�l�zed FLC (SSFLC), �n wh�ch all the 

l�qu�d crystal molecules are al�gned parallel to the substrate 

and the hel�x or the tw�st �s suppressed by means of a b�nd�ng 

glass substrate. Recently, a ferroelectr�c l�qu�d crystal mater�al 

�n a new conf�gurat�on, called the D�storted Hel�x Ferroelectr�c 

L�qu�d Crystal (DHFLC), wh�ch �s �n many ways compl�mentary 

to the SSFLC, has been stud�ed at the NPL. The sw�tch�ng and 

molecular dynam�cs of DHFLC mater�als are be�ng �nvest�gated 

by electro-opt�cal and d�electr�c spectroscop�c methods. A 

comprehens�ve fac�l�ty for the character�zat�on of these dev�ces 

has been establ�shed at the NPL.

3.4.4 Spatial Light Modulators

An appl�cat�on of the l�qu�d crystal mater�als currently be�ng 

pursued �s the Spat�al L�ght Modulator (SLM), wh�ch �s the key 

component for a var�ety of opt�cal and opto-electron�c systems, 

such as opt�cal comput�ng, �mage process�ng and �nformat�on 

d�splay appl�cat�ons. The SLM �mpresses wave front modulat�ons 

on an opt�cal read-out beam thereby fac�l�tat�ng the propagat�on 

and man�pulat�on of �nformat�on �n the opt�cal doma�n. The 

Opt�cally Addressed Spat�al L�ght Modulators (OASLMs) have 

been developed us�ng a w�de var�ety of l�qu�d crystal mater�als 

for the Instruments Research and Development Establ�shment 

(IRDE), Dehradun, a laboratory of the DRDO. Nemat�c l�qu�d 

crystal and FLC based based SLMs have been made for the 

IRDE. 

                

3.4.5 Electrochromics

Electrochrom�cs �s the phenomenon d�splayed by some chem�cal 

spec�es of revers�bly chang�ng colour when a burst of charge, 

result�ng from changes �n appl�ed external energy, occurs. 

Research �n electrochrom�cs at the NPL started �n the early 1��0s 

and work on the emerg�ng technology of electrochrom�c w�ndow 

(ECW) or for smart w�ndow appl�cat�ons has recently been taken 

up. Electrochrom�c smart w�ndows dynam�cally modulate the 

amount of solar rad�at�on transm�tted �nto a room or an automob�le 

and thus reduce the power consumpt�on for a�r-cond�t�on�ng 

cons�derably. The performance character�st�cs of such w�ndows 

are, therefore, governed by the propert�es of the cathod�c and 

anod�c electrochrom�c coat�ngs. Nano-structured th�n f�lms 

of tungsten ox�de (WO3), the pr�mary colour�ng electrode, by 

d�fferent wet chem�stry routes -- sol-gel techn�que, potent�ostat�c 

electrodepos�t�on and template-ass�sted electrodepos�t�on -- have 

been fabr�cated.  S�m�larly, the anod�c nano-crystall�ne pruss�an 

blue f�lms, wh�ch undergo a colour change, complementary 

to the one exper�enced by WO3, have been developed by the 

galvanostat�c electrodepos�t�on techn�que. 

3.4.6 Liquid Crystals and Self-assembled 
Monolayers

Beg�nn�ng from the earl�est f�eld-effect LCDs, the state-of-

the-art �n d�splay dev�ces can be descr�bed as belong�ng 

to the e�ghth generat�on, wh�ch �ncludes polymer d�spersed 

LCDs and patterned LCDs. In recent years, dev�ces based 

Prototype ECWs in clear and blue states
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Fluid flow inside microchannels created in a soft polymer. The channel 

width was 40-100 micrometres and channels have independent access 

ports

on these too have been developed at the NPL.

S�nce 1��7, two major �nternat�onal techn�cal collaborat�on 

projects -- w�th Techn�cal Un�vers�ty, Berl�n, Germany, and 

the Naval Research Laboratory, USA, respect�vely -- deal�ng 

w�th l�qu�d crystals and self-assembled monolayers have been 

completed. New methods to al�gn l�qu�d crystals and patterned 

LCDs have been successfully developed.

Soft-lithography and Microfluidic Devices

In the past few years, the R&D efforts have also been d�rected 

towards the new areas of soft l�thography technology and 

polymer based m�croflu�d�c dev�ces. A novel technology 

based on m�crocontact pr�nt�ng of self-assembled monolayers 

has been developed to create m�crostructures �n metals 

and polymers. A DST-sponsored project ‘M�cropattern�ng of 

Sol�d Surfaces for Technolog�cal Appl�cat�ons �n the F�eld of 

M�croelectron�cs, Sensors and D�splays’ has also just been 

completed. 

Us�ng m�cromould�ng techn�que, a var�ant of soft l�thography 

technology, m�croflu�d�c channels have been created �n 

soft polymers. M�crochannels w�th cross-sect�on d�mens�on 

rang�ng from a few tens of m�crometres to several hundred 

m�crometres have been fabr�cated.  The ma�n object�ve �s to 

make chem�cals react �n the narrow conf�nes of cap�llar�es w�th 

many b�olog�cal appl�cat�ons �n v�ew. M�croflu�d�c dev�ces have 

many potent�al appl�cat�ons �n the development of m�n�atur�zed 

Micrographs of patterned structures created in gold film using 

microcontact printing technology (feature size down to a few micrometres 

can be easily delineated)
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b�odev�ces and would be central to the development of lab-on-

a-ch�p for sensors and b�ochem�cal assays.

3.5 Polymeric Materials and Devices

R&D �n polymer�c mater�als at the NPL emerged as an offshoot 

of the d�splay dev�ces act�v�ty that was be�ng carr�ed out for 

many years, when work on polymer-based ferroelectr�c l�qu�d 

crystal (FLC) d�splays (descr�bed �n the prev�ous sect�on) 

began. At present, bes�des the work on FLCs, the polymer-

related act�v�t�es �nclude:

• Conduct�ng Polymers and Compos�tes

• Organ�c L�ght Em�tt�ng D�ode Appl�cat�ons

• B�o-molecular Electron�cs and Sensors

• Polymer Based Imag�ng Mater�als and ‘Xero-rad�ography’

• Polymer Solar Cells

3.5.1 Conducting Polymers and Composites

In 1��3, a new d�mens�on was added to R&D on polymers 

when, go�ng beyond the ongo�ng d�splay dev�ces act�v�ty, 

synthes�s of conduct�ng polymers and compos�tes was started. 

The conduct�ng polymer polyacetylene -- d�scovered by the 

Nobel Laureates H�dek� Sh�rakawa, Alan J. Heeger and Alan 

G. MacD�arm�d -- has electr�cal conduct�v�ty of the order of 10� 

ohm-1cm-1, whereas that of copper �s 106 ohm-1cm-1. The fact 

that dop�ng the polymer can vary the conduct�v�ty has further 

revolut�on�zed th�s f�eld of research. Electron Paramagnet�c 

Resonance (EPR) stud�es on d�fferent conduct�ng polymers, 

l�ke polyan�l�ne and th�ophene doped w�th d�fferent organ�c and 

�norgan�c dopants, have been done at the NPL to understand 

the conduct�on mechan�sm �n these mater�als. These suggest 

that polarons formed at low dop�ng levels and polaron-d�polaron 

equ�l�br�um establ�shed at h�gh dop�ng levels, coupled w�th 

h�gher mob�l�ty due to �ncreased �nter-cha�n transport, are 

respons�ble for electr�c conduct�on �n these systems.

Because of the�r h�gh strength to we�ght rat�o, toughness, low 

cost and ease of process�ng �nto f�lm, conduct�ng polymers are 

preferred to �norgan�c sem�conductors �n some appl�cat�ons. 

The prospect of ‘plast�c metals’ has also �nsp�red a great 

deal of work �n these mater�als for certa�n appl�cat�ons, such 

as ant�stat�c coat�ngs, electrostat�c charge d�ss�pat�on (ESD) 

and electromagnet�c �nterference (EMI) sh�eld�ng. The ease 

�n fabr�cat�ng them �n new shapes and des�gns also makes 

conduct�ng polymers attract�ve for many electron�c and 

�ndustr�al appl�cat�ons. Cons�derable research on advanced 

conduct�ng polymers has been go�ng on at the NPL for a range 

of appl�cat�ons, from sensors/b�o-sensors and opto-electron�c 

dev�ces to ant�-corros�on/ant�stat�c coat�ngs and ESD/EMI 

sh�eld�ng. The Laboratory has now the expert�se to prepare 

ta�lor-made polymer�c mater�als for var�ous appl�cat�ons.

EMI/ESD Shielding

The development of h�ghly flex�ble EMI sh�eld�ng mater�als, 

based on advanced conduct�ng polymers and conduct�ve 

compos�tes, such as polystyrene (PS), polymethamethylacrylate 

(PMMA), acrylon�tr�le-butad�ene-styrene (ABS), Low Dens�ty 

Polyethylene (LDPE), H�gh Dens�ty Polyethylene (HDPE) and 

H�gh Impact Polystryrene (HIPS), has been taken up. Ferroflu�d-

conduct�ng polymer compos�tes, wh�ch exh�b�t EMI sh�eld�ng 

effect �n X and K m�crowave bands, are be�ng developed. 

 Research at the NPL on sh�eld�ng effect�veness w�th conduct�ng 

compos�tes, obta�ned by blend�ng polystyrene and polyan�l�ne 

doped w�th dodecyl benzene sulfon�c ac�d (DBSA), has shown 

that a conduct�ng network doma�n �s formed by �ncreas�ng 

polyan�l�ne content �n the polystyrene matr�x, wh�ch leads to a 

h�gher sh�eld�ng effect�veness. Fabr�cs coated w�th conduct�ng 

polymers, such as polyan�l�ne, have also been found to be 

effect�ve �n sh�eld�ng electromagnet�c waves over a w�de 

frequency range -- m�crowave, W-band, RF as well as �n UV, 

v�s�ble and near �nfrared (NIR).

Single Screw Extruder assembly for making conductive composites
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Some novel processes for the synthes�s of certa�n conduct�ng 

polymers have been d�scovered at the NPL. The synthes�s of 

polyan�l�ne free from benz�d�ne was ach�eved �n collaborat�on 

w�th GE-CRD, USA, and a jo�nt patent (US Patent No. 6,277,��2) 

has been granted for the �nnovat�ve and or�g�nal process. The 

resultant polymer can be blended w�th thermoplast�c res�ns to 

produce blends hav�ng excellent stat�c d�scharge propert�es. 

A p�lot plant for produc�ng polyan�l�ne has also been �nstalled

at the NPL, the produce from wh�ch can be used for 

blend�ng w�th LDPE, HDPE etc.                         

Polyan�l�ne �s usually an amorphous polymer�c mater�al. On the 

other hand, water-soluble polyan�l�ne, called Compensated 

Sulphonated Polyan�l�ne (C-SPAN), �s crystall�ne �n nature and 

was developed at the NPL through a new synthes�s route. C-

SPAN can be used as corros�on �nh�b�tor for �ron and m�ld steel 

�n a hydrochlor�c ac�d med�um. 

3.5.2 Organic Light Emitting Diode (OLED) 

The development of Organ�c L�ght Em�tt�ng D�odes (OLEDs) 

began at the NPL �n the year 1���. L�ght em�tt�ng d�odes 

(LEDs) based on organ�c sem�conductors �s regarded as one 

of the future d�splay technolog�es w�th great prom�se. They 

can be used to make d�splays �n d�fferent shapes and s�zes 

for w�de rang�ng appl�cat�ons at relat�vely low cost. Organ�c 

mater�als and conjugated polymers have attracted a great deal 

of attent�on for the�r appl�cat�on �n d�splay dev�ces due to the 

ease of fabr�cat�on, scope for ta�lor�ng the dev�ce arch�tecture, 

h�gh fluorescence eff�c�ency, feas�b�l�ty of mak�ng act�ve as 

well as pass�ve d�splays and a w�de select�on of em�ss�on 

wavelengths. Large area flex�ble LEDs based on organ�c 

mater�als also seem poss�ble. 

OLEDs based on a range of organ�c conduct�ng polymers, 

l�ke poly p-phenylene v�nylene (PPV) and �ts analogues, 

poly-para-phenylene (PPP) and �ts co-polymers, subst�tuted 

polyth�ophenes and small organometall�c complex molecules, 

are be�ng developed at the NPL. These OLED dev�ces are 

Double walled stainless steel and reactor assembly for

the synthesis of conducting polymers

Experimental set-up for OLED device fabrication

Photograph of white organic LEDs
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des�gned to have �ntens�t�es of more than 100 cd/m2 and 

l�fet�mes rang�ng from 1000 hours to 10,000 hours. The OLEDs 

developed may f�nd var�ous appl�cat�ons, such as �n seven 

segmented d�splays for use �n d�g�tal temperature �nd�cators, 

mult�meters and petrol pumps, back l�ghts for use �n LCD 

panels and dot matr�x act�ve d�splay. Current work at the NPL 

also �ncludes the development of wh�te l�ght em�tt�ng OLEDs 

for general l�ght�ng appl�cat�ons. 

 

3.5.3 Organic Solar Cells

As part of the ongo�ng expans�on of R&D �n the area of 

polymers, the development of organ�c solar cells, an emerg�ng 

area of organ�c electron�cs, was �n�t�ated �n the year 200�. The 

organ�c/polymer solar cells may well be a potent�al cand�date 

for an alternat�ve, cost effect�ve and eff�c�ent energy source. 

R&D on mater�als for polymer cells and the�r fabr�cat�on has 

been undertaken. Conjugated polymers, such as poly 3-hexyl 

th�ophene (P3HT) and poly 3-oxyl th�ophene (P3OT), have 

been synthes�zed and stud�ed for the�r propert�es for use �n 

organ�c solar cells. A un�que feature of order�ng seen �n P3OT, 

synthes�zed and thermally treated at the NPL, makes �t a 

prom�s�ng mater�al for organ�c solar cell fabr�cat�on based on 

�nterpenetrat�ng donor-acceptor bulk hetero junct�ons. 

3.5.4 Bio-molecular Electronics and 
Sensors
 
R&D �n the �mportant area of b�o-molecular electron�cs and 

sensors was �n�t�ated �n the year 1��3. B�osensors are analyt�cal 

dev�ces based on the comb�nat�on of a b�olog�cal component 

and su�table transducers. The b�olog�cal component �s �n an 

�mmob�l�zed state, generally �n the prox�m�ty of the transducer. 

It catalyzes b�ochem�cal react�ons �nvolv�ng b�olog�cal 

molecules, such as enzymes, m�croorgan�sms, organelles, 

and ant�bod�es, or spec�f�cally b�nds to the analyte(s), such 

as ant�bod�es and receptors. The transducer mon�tors the 

products and the co-substrates of the catalyzed b�ochem�cal 

react�on or the format�on of complexes. 

Conduct�ng polymers are be�ng used extens�vely �n the des�gn 

and development of b�osensors at the NPL. Glucose b�osensor 

has been developed and has already been commerc�al�zed. 

Work on other b�osensors, such as for mon�tor�ng lactate, 

urea, cholesterol and DNA as well as for the detect�on of 

m�croorgan�sms �n food and water, �s currently on. In general, 

conduct�ng polymers are excellent transduc�ng mater�als s�nce 

the�r phys�cal propert�es l�ke conduct�v�ty respond to var�ous 

chem�cal and/or phys�cal st�mul�. Conduct�ng polymers such 

as polypyrroles, polyth�ophenes and polyan�l�nes are l�kely to 

be the most useful molecular electron�c mater�als for use �n 

b�osensors and tox�c gas sensors, Nanostructures and the�r 

compos�tes w�th �norgan�c nano-part�cles prom�se the ta�lor�ng 

of chem�cal and phys�cal propert�es accord�ng to des�red 

Glucose biosensor developed at NPL

 

(a) (b) 

Scanning electron micrographs showing (a) morphology of as grown pristine 

P3OT, (b) evolution of crystalline domains showing corrugated-rod-type 

(CRT) morphology in P3OT when it is annealed at 373 K for 72 hrs
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appl�cat�ons and prov�de better sens�t�v�ty and select�v�ty to 

the sensor. The var�ous b�osensors and gas sensors under 

development at the NPL are all based on conduct�ng polymers 

made �n-house. Attempts have also been made to ut�l�ze sol-

gels, conduct�ng polymers based ‘Langmu�r-Blodgett’ f�lms and 

self-assembled monolayers for the fabr�cat�on of b�osensors for 

cl�n�cal d�agnost�cs. The development of var�ous gas sensors 

and b�osensors based on z�nc ox�de and gold nanopart�cles 

has been �n�t�ated.

3.5.5 Polymer Based Sensitive Imaging 
Materials and Xero-radiography

As a further expans�on of the act�v�ty �n the area, and also s�nce 

the Laboratory had developed an �nd�genous photocopy�ng 

mach�ne, R&D towards develop�ng a pla�n paper X-ray 

�mag�ng mach�ne based on the photocopy�ng pr�nc�ple was 

taken up �n 1��0. Desp�te hav�ng X-ray �mag�ng advantages 

and super�or�ty over convent�onal rad�ology �n many respects, 

Xerorad�ography (XR), as the techn�que has been chr�stened, 

had a d�st�nct l�m�tat�on of requ�r�ng h�gher X-ray exposure 

as compared to convent�onal rad�ology. Address�ng th�s 

�ssue, fundamental and appl�ed �nvest�gat�ons were made 

�n a var�ety of mater�als, such as pure and doped selen�um, 

polymers and polymer-

selen�um comb�nat�ons. Us�ng 

the convent�onal approach of 

dop�ng amorphous selen�um (a-

Se) w�th su�table dopants, such 

as chlor�ne and arsen�c, the X-

ray sens�t�v�ty was enhanced 

by nearly 2.� t�mes �n opt�mally 

doped a-Se f�lms as compared 

to pure a-Se.

Bes�des the above, R&D based 

on a new concept -- us�ng an 

�nterface barr�er layer of a 

su�table polymer�c mater�al �n 

comb�nat�on w�th a-Se f�lms 

�n the photoreceptor mode 

– was carr�ed out to �ncrease 

Synthesis of nanostructured polyaniline and thin films for HCI sensor

Colloidal suspension of polyaniline 

nanoparticles

XR image taken on more 

sensitive photoreceptor 

developed at NPL
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XR machine developed at NPL

the X-ray sens�t�v�ty further. Invest�gat�ons w�th a var�ety of 

barr�er layers of polymers, such as polyv�nylcarbazole (PVK), 

polyv�nylfluor�de (PVF) and polyv�nyl�dene fluor�de (PVDF), 

have led to the development of low cost and more sens�t�ve 

�mag�ng mater�als for photoreceptor appl�cat�ons. Us�ng th�s 

polymer �nterface barr�er concept, a further enhancement �n 

the sens�t�v�ty of the XR photoreceptors by a factor of about 

1.� was ach�eved.  But the X-ray exposure requ�red �s st�ll 

h�gher than �n convent�onal X-ray �mag�ng. Therefore, the XR 

mach�ne that has been developed may f�nd appl�cat�ons only 

�n non-destruct�ve test�ng. 

                              

3.6 Thin Film Technology 

Th�n f�lm act�v�ty began at the NPL w�th the nucleat�on of a small 

group �n 1�63.  The �n�t�al work was devoted to the development 

of opt�cal mult�layer coat�ngs us�ng equ�pment made �n-house. 

A s�mple photomult�pl�er tube and a DC m�crovoltmeter served 

as the l�ght detector. Indeed, g�ven all the soph�st�cat�on that 

opt�cal mon�tor�ng systems have acqu�red these days, �t �s 

d�ff�cult to �mag�ne how quarter-wave turn�ng po�nts were at 

all located and �nterference f�lters and other dev�ces made 

successfully w�th such l�m�ted apparatus. From th�s modest 

beg�nn�ng, today the act�v�ty has grown vastly to �nclude 

space qual�f�ed opt�cal coat�ngs, large area D�amond L�ke 

Carbon (DLC) coat�ngs, s�l�con nano th�n f�lms and state-of-

the-art techn�ques l�ke plasma polymer�zat�on depos�t�on and 

m�crowave Plasma Enhanced Chem�cal Vapour Depos�t�on 

(PECVD).

 

3.6.1 Ophthalmic Coloured Coatings

Among the early efforts was the development of ophthalm�c 

coloured coat�ngs for sunglasses. The know-how was 

transferred to an �ndustry as well, wh�ch proved to be a 

commerc�al success. In 1�73, two state-of-the-art th�n f�lm 

coat�ng plants were obta�ned from M/s Leybold Hereaus, 

Germany, us�ng wh�ch batch product�on of coated glasses 

became poss�ble. 

Home made optical thin film deposition and thickness monitoring system

A-500 thin vacuum coating plant (left) and VZK-550 Sputtering plant
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3.6.2  Space Qualified Optical Coatings

Noteworthy among the projects undertaken �s the development 

of space qual�f�ed coat�ngs (neutral dens�ty f�lters and band pass 

�nterference f�lters) for the ISRO satell�tes Roh�n� D2, Roh�n� I & 

II and INSAT-II, and coat�ngs and opt�cal components for the 

M�G ser�es of a�rcraft requ�red by the H�ndustan Aeronaut�cs 

Ltd. (HAL), Nas�k. These were successfully completed and 

batch produced at the NPL.  The technolog�es for several types 

of opt�cal coat�ngs were also transferred to the Instrument 

Des�gn Development Centre (IDDC), Ambala, and Opto-

Electron�cs Factory (OLF), Dehradun. For the development 

of space qual�f�ed �nterference f�lters, the NPL sc�ent�sts were 

g�ven the NRDC award �n 1���. 

3.6.3 Antiglare Coating for Night Driving

Ant�-glare coat�ngs for UV protect�on and for n�ght dr�v�ng 

appl�cat�ons, front surface reflector coat�ngs for automob�le 

m�rrors and mult�layer coat�ngs for cover glasses of fog lamps 

of automob�les have been successfully developed.

3.6.4 Hard Oxide Multilayer Coatings

Both �n-house as well as commerc�al software have been 

used to des�gn d�fferent types of mult�layer coat�ngs. 

Us�ng spectrophotometr�c and ell�psometr�c data, opt�cal 

constants of var�ous th�n f�lms have been determ�ned. 

These efforts have enabled the development of hard ox�de 

mult�layer opt�cal coat�ngs for laser m�rrors, transparent 

conduct�ng coat�ngs, etc. us�ng the modern th�n f�lm 

coat�ng plant (L-�60) that was acqu�red �n 1��7 for these 

appl�cat�ons.

Some advanced R&D work l�ke �on-ass�sted th�n f�lm depos�t�on 

us�ng a � cm cold cathode �on source has also been executed 

us�ng th�s coat�ng plant. At present, the plant �s be�ng used 

to develop narrow band pass f�lters (bandw�dth 10-1� nm) for 

appl�cat�ons �n Coarse Wave D�v�s�on Mult�plex�ng (CWDM) 

systems �n f�bre opt�cs commun�cat�on. 

3.6.5 Plasma Processed Thin Films

From the very beg�nn�ng, efforts have been made at the NPL 

to develop plasma processes for th�n f�lm coat�ngs, at f�rst by 

RF sputter�ng and then by PECVD. In 1�7�, the development 

of threshold and memory sw�tch�ng dev�ces, based on 

chalcogen�de glasses, was completed us�ng the plasma 

techn�que. Th�s could be regarded as the f�rst m�lestone of 

R&D on amorphous mater�als �n the group.

Us�ng magnetron sputter�ng �n the Leybold sputter�ng plant, and 

w�th a lot of �mprov�sat�on, mult�layer metall�zat�on of m�crowave 

ferr�tes was demonstrated for the DRDO sponsored work on 

phased array radars for the Akash m�ss�le project. Based on the 

NPL know-how, the manufacture of such mult�layer metall�zed 

rods has been taken up by a publ�c sector f�rm. Low no�se p-

�-n detectors for X-rays and Opt�cally Addressed Spat�al L�ght 

Modulators (OASLMs) have also been made.

Eff�c�ent hydrogenated amorphous s�l�con (a-S�:H) based 

solar cells and fully �ntegrated panels were also real�zed �n 

Amorphous silicon solar cell made in NPL

Various types of interfernce filter coatinges developed at NPL
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1���. Part�c�pat�ng �n an all-Ind�a m�ss�on mode programme 

coord�nated by the MNES, the NPL developed and 

demonstrated h�ghly eff�c�ent s�ngle junct�on a-S� solar cells 

and fully �ntegrated solar panels (of 11% eff�c�ency and 100 

mW/cm2 power dens�ty). Subsequently, a double tandem solar 

cells based on a-S�Ge:H and a-S�:H of about 10% eff�c�ency 

were fabr�cated . The Laboratory worked closely w�th the BHEL 

on the p�lot l�ne of the�r Amorphous S�l�con Solar Cell Project 

(ASSCP) and rendered �mportant techn�cal serv�ces.   

In recent years, under the ‘Plasma Processed Mater�als’ 

�n�t�at�ve, work on nano s�l�con and a-S�:H based photovolta�cs 

by very h�gh frequency (VHF) and m�crowave PECVD route for 

fast depos�t�on �s be�ng carr�ed out. Plasma polymer�zat�on route 

for the depos�t�on of opt�cal coat�ngs on plast�c lenses �s also 

be�ng act�vely pursued as part of the �n�t�at�ve. The Laboratory 

has also des�gned and developed plasma reactors of d�fferent 

levels of soph�st�cat�on and suppl�ed to other laborator�es and 

the �ndustry.

 

A cascaded PECVD system and Mod�f�ed Pulse Plasma 

Growth PECVD system have been developed at the NPL for 

grow�ng a-S�:H f�lms for photovolta�c and other dev�ces, wh�ch 

have been patented. The former, an �nnovat�ve cascaded tw�n 

reactor system, makes eff�c�ent use of the raw mater�al h�gh 

pur�ty s�lane (S�H�), a major fract�on of wh�ch rema�ns unut�l�zed 

�n a s�ngle reactor system. The latter, wh�ch makes use of f�lm 

depos�t�on under RF/VHF pulsed d�scharge cond�t�ons, has 

been found to y�eld h�gh growth rate as well better un�form�ty 

and th�ckness. A mult�-chamber large area PECVD reactor, 

w�th a fac�l�ty for cassette-to-cassette transfer of substrates, 

was des�gned and fabr�cated �n assoc�at�on w�th ASSCP-BHEL 

and H�nd H�gh Vacuum Ltd., Bangalore. 

A vacuum plasma arc system to grow h�ghly tetrahedral DLC 

f�lms and tetrahedral amorphous carbon (ta-C) f�lms was also 

bu�lt. The development of carbon nanotubes through PECVD 

route and establ�sh�ng an RF �on gun and a Flame Hydrolys�s 

Fac�l�ty for depos�t�ng th�ck s�l�ca f�lms were successfully 

real�zed. The Laboratory also prov�ded complete draw�ngs 

and consultancy to M/s Samtel for magnes�um ox�de coat�ng 

for the�r plasma d�splay dev�ce development.

PECVD system developed at NPL 

Three chamber PECVD system used for fabrication of p-i-n a-Si:H layers 

for solar cells

Filter Vacuum Arc Deposition System developed at NPL
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3.6.6 Large Area Diamond Like Carbon 
Coating 

An �mportant ach�evement was the large area D�amond L�ke 

Carbon (DLC) coat�ngs for DRDO’s m�ss�le project NAG, as 

well as the des�gn and fabr�cat�on of a plant for depos�t�ng 

these coat�ngs.  The process know-how for DLC coat�ng on 

large area german�um opt�cal components us�ng PECVD was 

transferred to the Instruments Research and Development 

Establ�shment (IRDE), Dehradun. Var�ous PECVD systems, w�th 

d�fferent conf�gurat�ons, such as operat�ng �n RF (13.�6 MHz), 

VHF (100 MHz), m�crowave (2.�6 GHz) as well as �n pulsed 

RF and VHF mode, were developed and a number of such 

equ�pment transferred to d�fferent laborator�es. Collaborat�on 

w�th the Central Electron�c Eng�neer�ng Research Inst�tute 

(CEERI), P�lan�, proved very product�ve �n th�s venture and 

plasma reactors, etchers, etc. were jo�ntly des�gned, fabr�cated 

and made to work at the CEERI. 

3.6.7 Compound Semiconductor Thin Film 
Photovoltaics 

The development of compound sem�conductor th�n f�lm 

photovolta�c (PV) or solar cells at the NPL dates back to the 

late 1�70s.  Complete process technology for CdS:CuxS solar 

cell fabr�cat�on was developed dur�ng 1�7�-�0 and that for 

CdS:CdTe cells dur�ng 1���-��. The Tata Energy Research 

Inst�tute (TERI) and the M�n�stry of Non-convent�onal Energy 

Sources (MNES) respect�vely supported these projects. 

Techn�cal consultancy for these technolog�es was extended 

to a few �ndustr�es, �nclud�ng the Central Electron�cs L�m�ted  

(CEL), Ecosolar, Pune, and Polyplex Corporat�on, New Delh�, 

w�th whom �nvest�gat�ve projects were also jo�ntly undertaken. 

Consultancy was also prov�ded to Ecosolar Corporat�on for 

the development of contact and encapsulat�on technolog�es 

for the�r 700 kW/year cadm�um tellur�de (CdTe) solar cell p�lot 

plant. To solve the var�ous problems encountered w�th the 

establ�shed electrodepos�t�on process for CdTe layers, several 

new techn�ques were �nvest�gated. 

G�ven the prom�se of superstrate cadm�um-�nd�um-d�selen�de 

(CdInSe2) th�n f�lm solar cells, research was carr�ed out on 

vapour phase and electrochem�cal selen�zat�on processes for 

the preparat�on of these compound sem�conductor f�lms from 

metall�c precursors. The potent�al of these techn�ques as low 

cost and s�mple low temperature process�ng techn�ques for 

solar cell appl�cat�ons has been demonstrated.

 

3.6.8 Surface Physics and Nanostructures

A comprehens�ve surface phys�cs laboratory was establ�shed 

�n 1��1 by upgrad�ng the ultra-h�gh vacuum laboratory. 

S�nce 1��6, the sens�t�ve mater�al probes that the laboratory 

had, such as Auger Electron Spectroscopy, X-Ray Photon 

Spectroscopy (XPS), Low Energy Electron D�ffract�on (LEED) 

and Electron Energy Loss Spectroscopy (ELS), were mod�f�ed 

�n-house for the development of novel electron�c mater�als of 

ultra-th�n d�mens�ons. In-situ growth by Knudsen cells enabled 

the format�on of novel surface phases and �nterfaces of d�rect 

relevance to contemporary sem�conductor technology. 

Low-Dimensional Overlayers with Tailored 

Surfaces Phases and Nanostructures

Surface reconstruct�ons were used as templates to form 

novel low-d�mens�onal phases and nanostructures of var�ous 

metals w�th un�que electron�c propert�es. Us�ng k�net�c control 

of growth, technolog�cally �mportant stable phases of several 

metal/s�l�con �nterfaces have been obta�ned at temperatures 

above 700 0C mak�ng them su�table for form�ng truly delta-

doped s�l�con dev�ces when sandw�ched �n s�l�con. Us�ng 

atom�c-s�zed grooves atom�c-w�dth nanow�res and nanocha�ns 

have been formed, wh�ch can be used �n the future to form 

novel bur�ed layered structures w�th exot�c propert�es. 

Formation of Core-Shell Nanostructures

Us�ng the stear�c s�ze control by tr�octylphosphon�c ox�de 

and related organ�c molecules, CdSe (cadm�um selen�de) 

quantum dots have been produced. The�r opto-electron�c 

propert�es have been �nvest�gated �n deta�l to opt�m�ze h�gh-

performance. Surface mod�f�cat�ons of CdSe quantum dots, 

ach�eved by capp�ng w�th var�ous am�ne layers, show spec�es 

dependence, w�th butylam�ne caps lead�ng to enhanced opto-

electron�c performance. A novel s�ngle-pot method has been 

dev�sed to cap CdSe by ZnSe (z�nc selen�de) shell, y�eld�ng 

em�ss�ons �n var�ous colours under ultra-v�olet exc�tat�on. 
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Th�s demonstrates the cruc�al role of core-shell structures �n 

ta�lor�ng the propert�es for �ntended appl�cat�ons.  

3.7 Electronic Ceramics 

Work on electron�c ceram�cs was �n�t�ated at the NPL �n the 

1��0s. Electron�c ceram�cs was, �n fact, the f�rst �mportant 

group of �ndustr�al mater�als that the Laboratory took up w�th 

the sett�ng up of a p�lot plant called the Development-cum 

Product�on of Electron�c Components (DPEC) Un�t. Here, 

technolog�es developed were stud�ed for the�r techno-econom�c 

feas�b�l�ty as well as demonstrated to potent�al user agenc�es. 

The Ind�an ferr�te and capac�tor �ndustry, wh�ch formed a major 

component of the early electron�c �ndustry �n the country, grew 

out of the R&D �n electron�c ceram�cs at the NPL. 

3.7.1  Early Products and Technologies 

Mica and Ceramic Capacitors

The f�rst development of an electron�c component based on 

electron�c ceram�cs was the development of m�ca capac�tors 

used �n rad�o rece�vers.  Metall�sed Ind�an m�ca was used for 

mak�ng these capac�tors.  Later on, th�s work on capac�tors 

was extended to make ceram�c capac�tors based on t�tan�um 

d�ox�de and bar�um t�tanates dur�ng the 1�60s and the 1�70s. 

The Ind�an rut�le ore was the raw mater�al for fabr�cat�ng these 

ceram�c capac�tors for use at var�ous voltages and frequenc�es. 

The technology for m�ca and ceram�c capac�tors was 

transferred to several compan�es l�ke the Bharat Electron�cs 

L�m�ted (BEL) and the Central Electron�cs L�m�ted (CEL).

Piezoelectric Ceramics

P�ezoelectr�c ceram�cs were developed and manufactured on 

a p�lot-plant scale at the NPL. The most common of these were 

lead z�rconate ceram�cs mod�f�ed by add�ng mater�als such as 

lanthanum and manganese. The techn�cal know-how too was 

transferred to �ndustr�es. These ceram�cs are made �n a var�ety 

of shapes and s�zes.

Ferrites

W�th large-scale use of n�ckel-z�nc and bar�um ferr�tes �n rad�o 

�ndustry �n the 1�60s, there was an urgent need to develop 

the ferr�te components for use �n antennae, RF co�ls and loud 

speakers.  A very successful effort �n th�s d�rect�on resulted not 

only �n the development of these n�ckel-z�nc ferr�tes us�ng the 

Ind�an hemat�te �ron ore (a very s�gn�f�cant subst�tut�on for the more 

expens�ve chem�cally prepared �ron ox�de used abroad then), but 

resulted �n several know-how transfers through a 12 tonne per 

annum p�lot plant set up at the NPL.  Th�s formed the foundat�on 

for the now v�brant Ind�an ferr�te �ndustry that �s today export�ng 

one th�rd of �ts product�on.  Dur�ng the late 1�60s and the 1�70s, 

a large effort was mounted to develop manganese-z�nc (Mn-Zn) 

and n�ckel-z�nc (N�-Zn) ferr�te components for telecommun�cat�on 

and telev�s�on appl�cat�ons. The follow�ng developments resulted 

from �t:

• Several grades of Mn-Zn ferr�te for use �n pot   

 cores,  RM cores and transformer cores used �n TV and  

 telephone equ�pment.

• Extremely h�gh permeab�l�ty (> 1�,000) Mn-Zn ferr�te.

• A�r s�ntered Mn-Zn ferr�te TV deflect�on yoke core us�ng  

 Ind�an hemat�te ore on a p�lot scale.

• N�-Zn profess�onal ferr�tes for use �n frequenc�es up to 20  

 MHz as pot cores and h�gh power transformer cores.

• Stud�es on the effect of add�t�ves on process�ng and   

 preparat�on of the Mn-Zn and N�-Zn ferr�tes.

• N�ckel-free manganese-magnes�um (Mn-Mg) ferr�tes for  

 use �n frequenc�es up to 20 MHz as antenna rods and  

 cores.

For the purpose of establ�sh�ng the techn�cal feas�b�l�ty of the 

process, and to evaluate the econom�cs, large-scale laboratory 

product�on was also done. Product�on of 2�,000 ceram�c rods per 

month and about �000 soft ferr�tes per month was ach�eved. After 

the processes were proved, the technolog�es were transferred to 

the �ndustry for l�censed product�on through the Nat�onal Research 

and Development Corporat�on (NRDC).

3.7.2 Advanced Ceramics

Conducting Ceramics

Work on ceram�cs w�th good electron�c and �on�c conduct�v�t�es, 

l�ke z�nc ox�de (ZnO), lanthanum chrom�te and beta alum�na 

(Al2O3, a hard crystall�ne �somorph�c form of alum�n�um ox�de), 

was �n�t�ated �n 1�7�.  Th�n walled beta alum�na tubes of 

�0 mm d�ameter were fabr�cated and successfully used to 
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make sod�um-sulphur batter�es �n collaborat�on w�th the Ind�ra 

Gandh� Centre for Atom�c Research (IGCAR), Kalpakkam, and the 

Central Electro Chem�cal Research Inst�tute (CECRI), Kara�kud�. 

Magnetic Oxide Thin Films

In 1���, work on magnet�c ox�de th�n f�lms for magnet�c and 

magneto-opt�c record�ng was started.  Us�ng Metal Organ�c 

Chem�cal Vapour Depos�t�on (MOCVD) method, γ-Fe2O3 th�n f�lm 

w�th h�gh coerc�v�ty and garnet th�n f�lms w�th requ�red an�sotropy 

were synthes�zed. The coerc�v�t�es of these f�lms are the h�ghest 

reported �n l�terature, thus open�ng up the poss�b�l�ty of the�r use 

for h�gher record�ng dens�t�es.

Ceramics for Internal Combustion Engine 
Exhaust

W�th �ncreas�ng env�ronmental need to control veh�cular 

em�ss�ons, work on the fabr�cat�on of ceram�c foam f�lters for 

f�lter�ng of part�culate em�ss�on �n the exhaust of d�esel eng�nes 

and 2-stroke �nternal combust�on eng�nes was undertaken �n 1���. 

Part�culate f�lters based on the ceram�c mater�al sponge cord�er�te 

(magnes�um-�ron alum�n�um cyclos�l�cate) were developed for use 

�n the exhaust outlets of two- and three-wheeler eng�nes and small 

d�esel eng�nes.

High Silicon Magnetic Steel

A jo�nt project for the synthes�s of h�gh s�l�con magnet�c steel, wh�ch 

�s used as magnet�c core at h�gh frequenc�es, was �n�t�ated �n the 

early 1��0s w�th the collaborat�on and fund�ng of Tata Iron and 

Steel Co. Us�ng s�l�con chem�cal vapour depos�t�on (CVD) process 

and homogen�zat�on, S� content was �ncreased from 1.� wt.% to 

6-7 wt.%. 

3.7.3 Ultrasonic Materials and Devices

Appl�ed ultrason�cs has been an area of strength of the 

Laboratory. Work on ultrason�cs started �n 1��7 w�th emphas�s 

on bas�c research. Several mater�als were stud�ed w�th prec�se 

measurements of ultrason�c veloc�ty and attenuat�on. In the 1�70s, 

w�th the �ntegrat�on of electroceram�cs (study of electr�cal, magnet�c 

and opt�cal propert�es of ceram�cs) w�th appl�ed ultrason�cs 

work, the emphas�s sh�fted to �mport subst�tut�on. Th�s led to the 

development of p�ezoelectr�c mater�als, p�ezoelectr�c dev�ces and 

ultrason�c transducers, as well as ultrason�c �nstrumentat�on, for 

appl�cat�ons �n non-destruct�ve test�ng (NDT), med�cal d�agnos�s 

and therapy, oceanography, etc.

Among the developments carr�ed out, the follow�ng �nstruments 

and dev�ces may be h�ghl�ghted. An ultrason�c �nterferometer was 

developed for the measurement of ultrason�c veloc�ty �n l�qu�ds at 

var�ous temperatures and a f�xed frequency. The dev�ce has found 

�mmense popular�ty �n un�vers�t�es for understand�ng �ntermolecular 

�nteract�ons �n l�qu�d m�xtures. Us�ng a sol�d d�electr�c type 

transducer hav�ng a range of 3 m, an ultrason�c bl�nd a�d -- wh�ch 

produces sound �f any object �ntercepts the stra�ght path of bl�nd 

man -- has been developed. Ultrason�c probes (w�th beams at 

angles vary�ng from graz�ng to normal) �n the frequency range 1-� 

MHz for NDT of steel and at �0 kHz for NDT of t�mber and concrete 

have been developed. Other dev�ces �nclude a p�ezoelectr�c 

pressure transducer for measur�ng trans�ent pressures that has 

appl�cat�ons �n detonator test�ng and a p�ezoelectr�c d�splacement 

transducer for prov�d�ng f�ne movement of a few m�crometres 

requ�red for the al�gnment of laser m�rrors.

Ultrasonic transducer for testing of timber and concrete

Some of the ultrasonic NDT transducers developed at NPL
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Underwater applications

Spec�al ment�on may be made of the developments undertaken 

for underwater appl�cat�ons. The h�gh power ultrason�c systems 

developed for oceanography �ncludes the des�gn and development 

of transducers for acoust�c p�ngers (dev�ces used underwater to 

produce pulses of sound, as for an echo sounder) that rad�ate 

sound waves at the frequenc�es of 1� kHz and 3� kHz for use by 

the Ind�an Navy. Pr�mary transducers of frequency 300-3�0 kHz 

have also been fabr�cated for a d�rect�onal ultrason�c system that 

em�ts ultrason�c waves �n a narrow forward beam for detect�ng 

objects embedded �n the sea bed. An ultrason�c f�sh tag used for 

the study of f�sh behav�or �n sea, w�th appl�cat�on of catch�ng the 

f�sh �n b�g hauls, has been developed. It we�ghs 12 g, transm�ts 

at 7� kHz and has a range of �00 m. The Laboratory has also 

undertaken the development of an ocean acoust�c tomography 

system. 

Quartz Resonators

Crystall�ne quartz -- the ub�qu�tous p�ezoelectr�c and 

transducer mater�al to generate ultrason�c frequenc�es -- �s a 

strateg�c mater�al for a var�ety of sc�ent�f�c and technolog�cal 

appl�cat�ons. It �s un�quely su�ted for certa�n h�gh prec�s�on 

appl�cat�ons �n opt�cs, commun�cat�ons, osc�llators �n frequency 

control, clocks for m�croprocessors and s�gnal process�ng 

appl�cat�ons �nclud�ng a var�ety of sensors. The v�brat�onal 

mode character�st�cs of the mater�al have been extens�vely 

�nvest�gated at the NPL for the�r appl�cat�ons �n quartz 

resonators. Invest�gat�ons at the NPL based on cons�derat�ons 

of defect dynam�cs �n quartz, part�cularly of alum�n�um related 

defect centres, have led to poss�ble techn�ques to �mprove the 

rad�at�on harden�ng of quartz crystals.  

3.8 Luminescent Materials and Devices 

R&D on lum�nescent phosphors was started almost four decades 

ago w�th the object�ve of synthes�z�ng phosphors for cathode ray 

tubes (CRTs) and black and wh�te telev�s�on (TV) p�cture tubes. 

S�nce then, a whole range of lum�nescent mater�als has been 

�nvest�gated and technolog�es for prepar�ng such mater�als and 

dev�ces based on them have been developed, wh�ch are of 

s�gn�f�cance to the �ndustry. 

3.8.1 Products and Technologies

Phosphors for CRTs and B&W  TV Tubes

Phosphors for th�s purpose are based on z�nc sulph�de (ZnS) 

and cadm�um sulph�de (CdS). The phosphors were prepared �n 

large quant�t�es �n �0 kg batches and tested on product�on l�nes 

at the Bharat Electron�cs Ltd. (BEL). TV p�cture tubes made by 

Samtel and coated w�th phosphors developed by the NPL were 

put �nto the market through TV manufacturers. 

Rare-earth Oxysulphide Phosphors

For colour TV p�cture tubes, the same process as the wh�te l�ght 

em�tt�ng phosphor was used to make blue and green em�tt�ng 

phosphors.  Dur�ng 1��2-�6, under an ISRO sponsored project, 

fluorescent screens for �mag�ng w�th h�gh energy X-rays (�-1� 

MeV) for non-destruct�ve test�ng (NDT) of rocket motors were 

developed. The phosphor used �n th�s �s gadol�n�um oxysulph�de 

doped w�th terb�um (Gd2O2S:Tb). Phosphors and phosphor 

coated fluorescent screens of s�ze 30 x 20 cm for real t�me 

�mag�ng were developed.  

  

Electroluminescent Devices Based on 
Powder and Thin Films

Electrolum�nescent (EL) panels based on powder EL phosphors 

were developed at the request of the Centre for L�qu�d Crystal 

Research, Bangalore, for back l�ght�ng of l�qu�d crystal d�splays 

A pilot plant created for production of ZnS based colour TV phosphors at NPL
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Long Decay Phosphors Developed at NPL

With lights on With lights off

In visible light In UV light

Various Phosphors Developed at NPL
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(LCDs). R�g�d type as well as flex�ble and l�ghtwe�ght (all plast�c) 

EL panels based on conduct�ng (�nd�um t�n ox�de coated) glass 

were developed. Under a DST-funded project, EL panels em�tt�ng 

d�fferent colours, of s�ze 2 x 2 cm, were developed. In these, 

a lum�nescent th�n f�lm �s sandw�ched between two �nsulat�ng 

f�lms. 

Long Decay Phosphors

The DRDO was us�ng phosphor-coated tr�t�um f�lled glass tubes 

�n some defence equ�pment to work dur�ng per�ods of scheduled 

or �ntent�onal black outs. These were costly and rad�oact�ve. 

In 1���-�6, under a DRDO sponsored a project, long decay 

phosphors and phosphor-coated tapes based on ZnS were 

developed for the army, w�th decay t�mes up to 30 m�n. Later, 

alkal�ne earth alum�nate phosphors, w�th decay t�mes up to 12 

hours, were developed. Apart from defence equ�pment, long 

decay phosphors are also be�ng used �n many other appl�cat�ons. 

These �nclude photolum�nescent escape routes and rescue 

gu�dance systems, warn�ng s�gns for acc�dent prevent�on, 

mark�ng of �mportant mach�nery, back l�ght�ng of LCDs, flex�ble 

and r�g�d plast�cs for sw�tches and consumer goods, toys, sports 

equ�pment, enamels, ceram�c t�les and bank notes.

Nanophosphors

Phosphor host mater�als show cons�derable var�at�on �n 

lum�nescent propert�es when an �mpur�ty �s doped �n a 

quantum-conf�ned structure. Consequently, there �s great 

prom�se of develop�ng �mproved phosphors �f made �n nano-

crystall�ne phase. S�nce 2002-03, work on the development 

of new nanophase phosphors as well as processes to make 

ex�st�ng �ndustr�al phosphors �n the nanophase w�th �mproved 

features has been go�ng on.

3.9 Cryogenics and Superconductivity 

Dr. K. G. Ramanathan started act�v�t�es �n low temperature phys�cs 

�n the early 1��0s. Th�s, �n fact, marked the beg�nn�ng of cryogen�cs 

�n the country. The �n�t�at�ve was �nsp�red by the v�s�t of Dr. Dav�d 

Shoenberg to the NPL, wh�ch Dr. K. S. Kr�shnan had arranged. 

Under Dr. Shoenberg’s gu�dance a l�qu�d a�r plant was �nstalled. 

Th�s was followed by the comm�ss�on�ng �n 1��2 of the f�rst l�qu�d 

hel�um plant �n the country. W�th these cryogen�c fac�l�t�es, a whole 

range of low temperature phys�cs stud�es, part�cularly propert�es 

of sol�ds at very low temperatures, was carr�ed out over two 

decades. In the 1�60s, work �n the area was expanded to �nclude 

aspects of cryogen�c eng�neer�ng as well. Dr. A. V. Narl�kar jo�ned 

the NPL �n 1�73 and �n�t�ated R&D �n superconduct�v�ty. At that 

t�me, h�gh temperature superconduct�v�ty (HTS) was yet to be 

d�scovered and the work was conf�ned to what are called low 

temperature (or low Tc) superconductors. 

3.9.1 Cryogenics

Early work �n cryogen�cs �ncluded stud�es on spec�f�c heat, 

electr�cal res�st�v�ty, thermal expans�on, thermal conduct�v�ty, 

thermo-electr�c power etc. at low temperatures. For example, 

spec�f�c heat measurements �n the temperature range 1.� - �.2 

K on a host of metals and alloys were systemat�cally carr�ed 

out for wh�ch a very soph�st�cated cryostat was des�gned and 

fabr�cated. Res�st�v�ty behav�our on several alloy systems, l�ke 

s�lver-manganese (Ag-Mn) alloys and very d�lute copper-�ron 

(Cu-Fe) and copper-chrom�um (Cu-Cr) alloys conta�n�ng �0 to 

�00 ppm �mpur�t�es, was stud�ed. On the spec�f�c request from 

the cryogen�c �nsulat�on manufacturers, exper�mental fac�l�t�es for 

the determ�nat�on of ‘apparent thermal conduct�v�ty’ for a var�ety 

of cryogen�c �nsulat�ons, such as perl�te powder and m�neral 

wool, between two boundary temperatures of 77 K and 300 K 

under d�fferent cond�t�ons of dens�ty and �nterst�t�al pressure were 

establ�shed. Several other cryogen�c systems and equ�pment 

were also bu�lt.

Cryosurgical Unit 

In the m�d-1�70s var�ous Joule-Thomson based cryosurg�cal 

un�ts for med�cal purposes, part�cularly for appl�cat�ons �n 

ophthalmology and ENT areas, us�ng n�trous ox�de gas as the 

refr�gerant were developed and tested. Bes�des, extens�ve R&D 

�n the development of h�gh refr�gerat�on capac�ty cryo-probes, 

wh�ch are needed for the destruct�on of ben�gn and mal�gnant 

tumors (-70 °C to -�0 °C), was carr�ed out.

Super Insulated Cryo-containers

The development of super �nsulated cryo-conta�ners came about 

�n the year 1�7� for da�ry husbandry, laborator�es, hosp�tals and 

other sectors. These were double-walled alum�num conta�ners 

w�th f�bre re�nforced plast�c (FRP) neck.
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Glass Receptacles with original manuscript of the Constitution of 

India for its long term preservation

Liquid Nitrogen Transfer Pump

A submers�ble centr�fugal type l�qu�d n�trogen transfer pump, wh�ch 

can be f�tted to a cryogen�c vessel, was des�gned and developed 

w�th a d�scharge capac�ty of � l�tre/m�n. Three types of l�qu�d n�trogen 

level detectors were also developed based on (a) thermodynam�c 

pr�nc�ple; (b) capac�tance method; and, (c) res�stance method.

Miniature Cryo-coolers

These have w�de appl�cat�ons for remote sens�ng dev�ces (IR 

detectors) for aer�al surve�llance of crops, water resources 

and m�nerals as well as �n defence and space. Dur�ng the late  

1��0s, Joule Thomson Effect based cryo-coolers (77-�0 K), as 

per �nternat�onal spec�f�cat�ons, were developed. These are very 

compact and are fast act�on type. The cool-down t�me of these to 

~ 77 K at the cooler t�p �s about 1-2 m�n.

Air Liquifiers

S�nce the early 1�70s, a lot of R&D has been done for the 

development and fabr�cat�on of a�r l�quef�ers. An a�r l�quef�er 

based on Claude cycle work�ng at 3�.� kPa was demonstrated 

�n the m�d-1�70s, wh�ch produced about 3-� l�tres of l�qu�d a�r per 

hour. Further development �n th�s area came about �n the early 

1��0s when a St�rl�ng cycle based l�qu�d n�trogen plant was set 

up. In the m�d 1��0s an �nd�genously developed n�trogen l�quef�er 

was demonstrated wh�ch produced about � l�tre/hr.  

Long-term Preservation of Manuscripts

On a spec�al request from the Parl�ament L�brary, an �mportant 

project for the development of su�table glass receptacles for the 

preservat�on of or�g�nal manuscr�pts l�ke the Const�tut�on of Ind�a 

was undertaken. A hel�um pur�ty mon�tor, based on the thermal 

The first NPL developed Stirling cycle based liquid air plant producing 

3-4 litres of liquid air per hour

Superinsulated cryo-container (20 litre capacity) 

with liquid nitrogen transfer pump

Experimental set up for testing miniature cryo-coolers for IR devices
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Test rig for the testing of cryogenic valves

conduct�v�ty pr�nc�ple, was developed for th�s purpose. Th�s 

project was carr�ed out �n collaborat�on w�th the Getty Conservat�on 

Inst�tute, USA, and the complete system was handed over to the 

Parl�ament L�brary �n October 1���. 

Test Rig for Cryogenic Valves 

Cryogen�c valves of var�ous s�zes are now be�ng manufactured 

by some Ind�an �ndustr�es. The development of a test r�g to 

check the qual�ty of these cryogen�c valves, therefore, became 

necessary and, accord�ngly, �ts development was undertaken 

dur�ng 1��7-��.  The test r�g cons�sts of a l�qu�d n�trogen 

cub�cal tank made �n FRP w�th f�brous �nsulat�on, a control 

panel to regulate the flow of hel�um gas to the valve and a flow 

meter to measure the leak rate through the valve.

Ice - lined Refrigerator

A spec�al �ce-l�ned refr�gerator for stor�ng l�fe sav�ng vacc�nes 

has been developed under a DST-funded project. It �s su�table 

for remote areas where there are frequent power cuts.

3.9.2 Superconductivity

 

A-15 Superconductors

An �mportant class of low temperature superconductors has 

the so-called A-1� structure. A-1� compounds are of the 

form A3B w�th the B atoms form�ng a body-centred cub�c 

latt�ce. S�nce th�s structure �s known to be h�ghly conduc�ve to 

superconduct�v�ty, the know-how for preparat�on of these �s of 

obv�ous �mportance. The sol�d-state d�ffus�on process followed 

at the NPL (known as the bronze process), �nvolved mak�ng a 

compos�te compr�s�ng n�ob�um (Nb) strands embedded �n a 

bronze (copper-t�n) matr�x, wh�ch upon su�table heat treatment 

resulted �n the format�on of the superconduct�ng n�ob�um-

t�n (Nb3Sn) layer by sol�d-state react�on at the Nb-Bronze 

�nterface. Stud�es led to the formulat�on of comprehens�ve 

analyt�cal models that could quant�tat�vely pred�ct growth 

and order�ng k�net�cs of the A-1� compound layer formed 

by sol�d-state d�ffus�on. Mult�-f�lamentary w�res of Nb3Sn  

and vanad�um-gall�um (V3Ga) synthes�zed by in situ techn�que 

were character�zed and w�res about �0 m �n length were 

produced.

Ice-lined refrigerator (125 litre capacity) based on vapour 

compression cycle using Freon-12 as refrigerant
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HTS mono and multi filamentary tapes of Bi2223 and magnet (inset)

HTS - tube and rod high current (>1000 A) leads

Superconductivity Mechanism

Several stud�es �n the understand�ng of the phenomenon 

of superconduct�v�ty and the mechan�sm of enhancement 

of the superconduct�ng trans�t�on temperature, or cr�t�cal 

temperature, Tc were also done. Based on Conduct�on 

Electron Sp�n Resonance (CESR), suscept�b�l�ty and Nuclear 

Magnet�c Resonance (NMR) measurements, Dr. A. V. Narl�kar 

and Dr. S. N. Ekbote had proposed �n 1�7�-�0 electron-

exchange �nteract�ons as a mechan�sm for electron pa�r�ng �n 

superconductors �nstead of electron-phonon �nteract�on. 

Splat Quenching Techniques

Splat quench�ng and melt sp�nn�ng techn�ques were set up 

to real�ze non-equ�l�br�um superconduct�ng phases by rap�d 

quench�ng from the molten state of var�ous alloys. Stud�es 

on lead-b�smuth (Pb-B�) superconductors showed that the 

solub�l�ty of b�smuth �n lead was enhanced when the alloy 

was rap�dly quenched from the molten state and th�s was 

accompan�ed by an �ncrease �n Tc. Host of b�nary and ternary 

alloys of b�smuth, n�ckel, manganese, cobalt and chrom�um, 

when rap�dly quenched, showed marked Tc enhancement, w�th 

B�-N� show�ng superconduct�v�ty at 10.3 K, about � K h�gher 

than found for the bulk mater�al. 

 

High Temperature Superconductors

W�th the d�scovery of h�gh temperature superconduct�v�ty 

(HTS) �n 1��6, the NPL group was one of the f�rst few �n the 

country to reproduce both 36 K and �0 K superconductors 

soon after they were d�scovered. Cons�derable expert�se was 

developed �n the sol�d state synthes�s of these mater�als that 

led to the �nvest�gat�on of the so-called subst�tut�onal effect 

�n the var�ous copper ox�de systems conta�n�ng rare-earths 

or b�smuth or lanthanum. A systemat�c study of all poss�ble 

cladd�ng mater�als showed that only s�lver was non-po�sonous 

to the yttr�um-bar�um-copper-ox�de (YBCO) compounds (also 

known as 123 compounds). As much as 60% by we�ght of s�lver 

d�d not affect e�ther the crystal structure of YBCO or �ts Tc.

Long tape �s the core of HTS cables, magnets and other 

h�gh f�eld dev�ces. Therefore, the development of mono- and 

mult�-f�lamentary s�lver-clad long superconduct�ng tapes was 

pursued. More than 3� m long mono- and mult�-f�lamentary 

tapes w�th YBCO compounds as well as b�smuth-lead-

stront�um-calc�um-copper-ox�de (BPSCCO) compounds 

{also called B�2223 compounds), wh�ch are end-to-end 

superconduct�ng w�th cr�t�cal current Jc~10� A/cm2 at 77 K 

(l�qu�d n�trogen temperature) �n zero magnet�c f�eld, were 

successfully developed. A small magnet, based on BPSCCO 

superconductors, was also fabr�cated by stack�ng two pancake 

co�ls (each of 10 m length) made by w�nd-and-react method �n 

ser�es. Th�s was tested at ~20 K (by a Hall probe) and magnet�c 

f�eld generated was 0.1� T �n zero appl�ed background f�eld.
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The HTS tube/rod conductors, as aga�nst w�res, produced at 

the NPL are capable of carry�ng more than 1000 A of current 

at 20 K (l�qu�d hydrogen temperature) and more than 600 A at 

77 K w�th contact res�st�v�ty of the order of 10-�-10-� ohm-cm at 

77 K �n zero f�eld.

The problem of jo�n�ng of face-to-face long ceram�c tubes/

rods, was successfully solved by the NPL group. Up to 60 cm 

jo�ned pa�r of tube conductors, w�th the superconduct�ng jo�nt 

hav�ng more than �0% of the s�ngle tube Jc at 77 K, were made. 

Apart from the above work, the newly d�scovered magnes�um 

d�bor�de (MgB2) system was also stud�ed. Monof�lamentary 

w�res have also been developed from MgB2 superconductors. 

The extens�ve work on MgB2 w�res us�ng d�fferent sheathed 

mater�als -- copper, �ron, m�ld steel, sta�nless steel etc. -- has 

successfully led to end-to-end superconduct�v�ty �n � m long 

w�res hav�ng Jc~ 10� A/cm2 at �.2 K �n zero magnet�c f�eld. 

Stud�es on MgB2 doped w�th nanopart�cles of cobalt ox�de, 

�ron ox�de, d�amond etc., w�th an a�m to enhance Jc are be�ng 

currently pursued.

Superconducting Magnets

One of the prom�nent ach�evements of the superconduct�v�ty 

work at the NPL �s the technology development for 

superconduct�ng magnets. Ind�a’s f�rst low-Tc superconduct�ng 

magnet system was successfully developed �n 1�7�-76. It 

�ncluded a superconduct�ng magnet of Nb:T� w�re produc�ng 

1.2 T at �.2 K, followed by  yet another superconduct�ng 

magnet that produced �.� T �n 1 cm bore, along w�th a h�ghly 

soph�st�cated low voltage h�gh current (�V, 100 A) energ�zer. 

The NPL group was awarded the Chatterjee Memor�al award 

for th�s work �n 1�7�.

Th�s development paved way for a jo�nt venture w�th the BHEL 

and, �n 1�7�, a commerc�al superconduct�ng magnet of Nb:T� 

mult�-f�lamentary Cu- (Nb-T�) compos�te w�re was made. It was 

a h�gh homogene�ty s�xth order compensat�ng type magnet, 

The first indigenous superconducting (Low Tc , Nb-Ti) magnet 

producing a field of 1.2 Tesla along with its energizer

Set-up for measurement of 1000 A current carrying of 30 mm diameter 

30 cm long Bi2223 tube electrode at liquid He temperature 
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and the f�rst �n Ind�a.  Th�s magnet produced 7 T at �.2 K w�th a 

metal cryostat and energ�zer produc�ng 1�0 A at � V. For th�s, 

the NPL and the BHEL were awarded the ICC Mer�t Scroll �n 

1�7�. S�x 7 T magnet systems w�th a standard work�ng bore 

of �0 mm were made dur�ng the last 10 years. For hous�ng 

these 7 T superconduct�ng magnets, bucket type l�qu�d hel�um 

cryostats of 2� l�tre capac�ty and 16� mm bore have been 

developed.

The Hybrid Nb-Ti / Nb3Sn 11 T Magnet: The f�rst Nb3Sn 

magnet was bu�lt and successfully tested �n January 1��2.  

Another hybr�d magnet of 11 T was developed �n 2003 w�th an 

Nb-T� magnet co�l prov�d�ng background f�eld of 7.3 T and a 

�nsert of Nb3Sn produc�ng an add�t�onal f�eld of 3.7 T.  

Superconducting High Gradient Magnetic Separator: The 

Superconduct�ng H�gh Grad�ent Magnet�c Separator (SC-

HGMS) �s the most relevant appl�cat�on of superconduct�ng 

magnet for the �ndustry. In HGMS, the magnet�c separat�on �s 

ach�eved by comb�n�ng a magnet�c f�eld and a f�eld grad�ent.  

The system fabr�cated �n collaborat�on w�th the BHEL was a 

160 mm bore superconduct�ng soleno�d wound w�th mult�-

f�lamentary Nb-T� conductor produc�ng a f�eld of � T. The 

complete system cons�sts of the soleno�d �n a ta�lor made l�qu�d 

hel�um cryostat, a magnet�c sh�eld, a hel�um gas recovery 

system, a slurry handl�ng system and a process controller. 

 

High Homogeneity Superconducting Magnet for NMR 

Spectrometer: A h�gh homogene�ty superconduct�ng magnet, 

produc�ng a f�eld of 2.3� T for a 100 MHz proton frequency 

spectrometer along w�th a �2 mm room temperature bore 

l�qu�d hel�um dewar w�th a ref�ll t�me of �0 days, was developed 

at the NPL. The magnet system was �ntegrated w�th the NMR 

spectrometer developed by the Ind�an Inst�tute of Sc�ence 

(IISc), Bangalore. Another development �s a superconduct�ng 

magnet (3.� T) w�th a bore s�ze of 2� mm, wh�ch can be �nserted 

�n a standard l�qu�d hel�um dewar w�th a neck d�ameter of 7� 

mm. The system can be used for phys�cal measurements 

(magneto-res�stance and Hall effect) of sol�ds.                         

The fabr�cat�on of a superconduct�ng soleno�d, w�th a work�ng 

bore of 2�� mm, has been undertaken �n collaborat�on w�th the 

Inst�tute for Plasma Research (IPR), Gandh�nagar. The  magnet 

w�ll produce a f�eld of 6 T at a current of 72 A. The overall 

d�mens�ons of the magnet are �00 mm d�a. x 6�0 mm.

A high homogeneity superconducting magnet with room temperature bore 

cryostat integated with NMR spectrometer (developed for the first time in India)

7 Tesla (50 mm bore) superconducting magnets along with support system 

and superinsulated liquid helium cryostats

Testing of  11 Tesla superconducting magnet developed at NPL
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A large bore (255 mm) superconducting magnet being wound 

for Institute for Plasma Research, Gandhinagar

A light weight, compact 3.5 Tesla Insert type 

superconducting magnet

3.9.3 Liquid Nitrogen and Helium Plants

The present l�qu�d n�trogen 

plant, Model STIRLIN-�, was 

procured from M/s Ph�l�ps, 

Netherlands, wh�ch started 

l�qu�d n�trogen product�on �n 

July 2003. Th�s l�quef�er �s a 

�-cyl�nder St�rl�ng cycle based 

mach�ne and has a capac�ty of 

generat�ng about �� l�tre/hr of 

l�qu�d n�trogen. The total l�qu�d 

n�trogen storage capac�ty at 

present �s �000 l�tres w�th a 

2000 l�tre hor�zontal dewar 

and a 6000 l�tre vert�cal dewar 

attached to the l�quef�er for 

automat�c f�ll�ng. Average 

annual product�on of l�qu�d 

n�trogen has been over ��,000 

l�tres. 

The present L�nde hel�um l�quef�er �s a 1�-years old mach�ne 

g�fted by the Inst�tute of Nuclear Med�c�ne and All�ed Sc�ences 

(INMAS), Lucknow Road, Delh�. It �s an expans�on eng�ne based 

mach�ne. D�smantl�ng the INMAS plant and recomm�ss�on�ng 

�t at the NPL was a g�gant�c and challeng�ng task. Th�s 

l�quef�er was made operat�onal �n June 2006 by the NPL staff 

STIRLIN - 4 Liquid nitrogen Plant (capacity 44 litre/hour)

Liquid nitrogen storage dewar of 

6000 litre capacity
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�n a record t�me. It has a product�on capac�ty of 12 l�tre/hour 

w�thout pre-cool�ng and about 20 l�tre/hour w�th pre-cool�ng. 

W�th the ava�lab�l�ty of l�qu�d hel�um from th�s new fac�l�ty, new 

exper�ments are be�ng planned at the NPL.

3.10 MATERIALS CHARACTERIZATION 

Analys�ng and quant�fy�ng the bas�c character�st�cs of raw as well 

as pr�mary and synthes�zed mater�als �s an �mportant prerequ�s�te 

for R&D on mater�als and dev�ces based on them. Th�s was 

well recogn�zed r�ght at the t�me of �ncept�on of the NPL when an 

Analyt�cal Chem�stry Sect�on was started w�th a v�ew to prov�de �n-

house chem�cal character�zat�on for a var�ety of mater�als used by the 

var�ous R&D groups.  Soon after the NPL came �nto be�ng, electron 

m�croscopy fac�l�t�es were establ�shed �n early 1��0. Gradually 

a number of fac�l�t�es for mater�als character�zat�on were set up �n 

var�ous d�fferent d�v�s�ons, �ndependent of each other. In the early 

1�60s fac�l�t�es for Electron Paramagnet�c Resonance (EPR) – also 

called Electron Sp�n Resonance (ESR) – and X-ray analys�s were 

establ�shed. In the m�d-1�60s, real�z�ng the need for crystal growth 

and character�zat�on, act�v�ty �n th�s area was started.

 

In the late 1�60s, �ndependent groups work�ng on d�fferent 

aspects of mater�als character�zat�on were consol�dated as 

Spec�al Techn�ques D�v�s�on. W�th the �ncreas�ng �mportance 

of mater�als for electron�cs, a further consol�dat�on took place �n 

1��2 w�th the format�on of the Mater�al Character�zat�on D�v�s�on. 

In the m�d-1��0s, the CSIR plann�ng group and the NPL �n�t�ated 

a d�alogue w�th the Department of Electron�cs (DoE, now the 

M�n�stry of Commun�cat�ons and Informat�on Technology) and 

other agenc�es to strengthen these character�zat�on fac�l�t�es 

keep�ng �n v�ew the nat�onal requ�rements at that t�me.

At present, h�gh qual�ty fac�l�t�es are ava�lable for all the bas�c 

aspects of the character�zat�on of mater�als -- chem�cal 

compos�t�on, pur�ty, crystall�ne structure (�nclud�ng defects) 

and crystallograph�c perfect�on.  Fac�l�t�es for the study of sol�d 

surfaces, th�n f�lms and �nterfaces are also ava�lable.

Br�efly, the object�ves of character�zat�on work at the NPL �nclude 

mater�als character�zat�on and mater�als development, and 

relevant R&D �n the f�eld, grow�ng technolog�cally �mportant 

crystals, nanomater�als and th�n f�lms and the�r character�zat�on, 

as well as coord�nat�ng mater�als metrology, chem�cal metrology 

and the Cert�f�ed Reference Mater�als (CRM) programme. 

The character�zat�on act�v�t�es at the NPL may be broadly 

class�f�ed as follows: 

• Analyt�cal Chem�stry

• Spectroscop�c Analys�s

• X-ray Analys�s and Mater�als Development

• M�croscopy

• Mechan�cal and Metallurg�cal Test�ng

Bes�des the fac�l�t�es descr�bed �n what follows, the Laboratory 

has a few other fac�l�t�es for character�zat�on and measurement 

of propert�es of mater�als wh�ch are descr�bed elsewhere �n th�s 

volume.

3.10.1 Analytical Chemistry

The f�rst character�zat�on fac�l�ty establ�shed at the NPL 

was that of analyt�cal chem�stry. Bes�des �n-house chem�cal 

character�zat�on of a var�ety of mater�als, �t has contr�buted 

to the development and appl�cat�on of ‘chem�cal metrology’ 

methods �n var�ous spheres of nat�onal act�v�ty l�ke chem�cals, 

metals and m�nerals, health, ecology and env�ronment and the 

�ndustry. Competence has been bu�lt up over the years �n the 

class�cal techn�ques of chem�cal analys�s of early days as well 

as �n advanced analyt�cal �nstruments l�ke the Flame Atom�c 

Absorpt�on spectrometer (FAAS), Graph�te Furnace (GF)-AAS, 

UV-V�s�ble Spectrophotometer and Flame Photometer. Onl�ne 

Helium liquefier with production capacity of 20 litre/hour (with precooling)
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Gas Chromatography and Mass Spectrometer (GC-MS) facilities for trace 

inorganic and gas analysis

Graphite Furnace Atomic Absorption Spectrometer (GFAAS)

gas analyzers are used for the analys�s of trace �norgan�c gases 

�nclud�ng Greenhouse Gases (GHGs) and gaseous pollutants 

such as CO, NO-NO2-NOx, and CO2. Quartz Crystal M�crobalance 

(QCM), cascade �mpactor and h�gh volume sampler are used for 

the study of aerosols.

Analyt�cal chem�stry work at the Laboratory ga�ned early 

reputat�on by develop�ng �n 1��2 an ‘�ndel�ble �nk’, wh�ch has 

proved extremely useful �n the country’s general elect�ons. As 

descr�bed earl�er, �ts appl�cat�on on the f�nger leaves a long 

last�ng mark, wh�ch prevents �mpersonat�on dur�ng vot�ng. The 

company M/s Mysore Lac and Ink has been manufactur�ng the 

�nk based on NPL’s know-how for domest�c use as well as �ts 

export to Sr� Lanka, West As�a and Afr�ca.

In recent years, the Laboratory’s GHG em�ss�on stud�es, as 

descr�bed �n deta�l elsewhere �n th�s volume, have drawn 

�nternat�onal attent�on. In the 1��0s, there was a strong world 

op�n�on that Ind�a was one of the countr�es respons�ble for large 

em�ss�on of methane, a GHG, from �ts paddy f�elds. There was 

�nternat�onal pressure to reduce such em�ss�ons by �7%, wh�ch 

would have meant a reduct�on �n area under r�ce cult�vat�on and 

an adverse �mpact on our food secur�ty. At that t�me there was no 

nat�onal fac�l�ty for quant�tat�ve measurement of these em�ss�ons. 

In order to generate authent�c em�ss�on data, the NPL �n�t�ated the 

preparat�on of nat�onal �nventory of trace gas spec�es �nclud�ng 

GHGs and measurement of methane em�ss�on was undertaken 

as part of a nat�onal methane campa�gn �n 1��1. It was shown 

that Ind�a contr�buted only � Tg yr -1 as aga�nst the Western 

est�mates of 37.� Tg yr -1.

Based on th�s and other subsequent campa�gns, �nclud�ng the 

recent comb�ned measurement of n�trous ox�de (another GHG) 

and methane under the Nat�onal Commun�cat�on (NATCOM) 

project, Ind�a could furn�sh �ts ‘In�t�al Commun�cat�on’ on June 

22, 200�, to the UN Framework Convent�on on Cl�mate Change 

(UNFCCC) secretar�at and fulf�ll �ts comm�tment.  The NPL has 

also been coord�nat�ng nat�onal projects to generate GHG 

�nventory �n the agr�culture sector and reduce the uncerta�nty 

�n the em�ss�on factors assoc�ated w�th r�ce/wheat cult�vat�on, 

so�ls, rum�nat�ng an�mals, agr�cultural res�due and b�omass 

burn�ng, etc. Phys�co-chem�cal stud�es on trace gases 

and aerosols have been carr�ed out �n the Delh� reg�on to 

understand the role of these �n rad�at�ve forc�ng over the Ind�an 

reg�on, wh�ch �s useful for cl�mate model�ng.

 

An offshoot of the analyt�cal chem�stry act�v�ty was 

the development of a drug based on �ron chelat�on for 

thalassaem�a, a hered�tary d�sorder ar�s�ng from defect�ve 

haemoglob�n synthes�s, follow�ng a suggest�on from certa�n 

med�cal spec�al�sts. Th�s chelat�ng drug has been completely 

synthes�zed and character�zed at the NPL and �s now ready 

for cl�n�cal tr�als and subsequent product�on. A US Patent (No. 

�66�,3�2) was granted to the NPL for th�s drug on September 

�, 1��7. Later, 10 other countr�es and the European Un�on have 

also granted patents for the formulat�on.
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Apart from th�s the act�v�ty work on preparat�on and 

d�ssem�nat�on of cert�f�ed reference mater�als (CRMs) had 

also been �n�t�ated �n 1��� to develop a qual�ty system for 

chem�cal measurements �n accordance w�th ISO 1702� 

�n test�ng laborator�es. To ach�eve th�s target several 

modern analyt�cal fac�l�t�es l�ke �nduct�vely coupled plasma 

spectrometer, �on chromatograph and some analyzers, l�ke 

carbon-sulphur analyzer, mo�sture analyzer and total organ�c 

carbon analyzer, had been procured for the measurement of 

var�ous character�st�cs.

In Induct�vely Coupled Plasma Atom�c Em�ss�on Spectrometer 

(ACOAES), argon gas plasma, wh�ch has a temperature of 

�000-10000 K, �s used as source. The matr�x of the sample �s 

destroyed at th�s h�gh temperature, thus el�m�nat�ng the matr�x 

effect �n measurements. It has a w�de analyt�cal range from ppb 

to percentage level. Th�s equ�pment �s capable of analyz�ng 6� 

elements �n sequent�al mode.

Deta�ls of CRMs prepared are descr�bed elsewhere �n th�s 

volume. 

3.10.2 Spectroscopic Analysis

Electron Paramagnetic Resonance 

EPR/ESR �s a very powerful techn�que to study molecules/atoms 

w�th unpa�red electrons �n d�fferent mater�als. Establ�shed under 

the �n�t�at�ve of the founder d�rector Dr. K.S. Kr�shnan, the f�rst 

EPR system �nstalled at the NPL was a Var�an V-��00 X-band 

spectrometer �n 1�61. In 1��3, the fac�l�ty was upgraded w�th a 

Var�an spectrometer E-112, wh�ch has a h�ghly homogeneous 

magnet�c f�eld (±20 mG) up to � kG, and, �n su�table samples, 

has a sens�t�v�ty of about 1012 sp�ns. The fac�l�ty has also 

been augmented w�th a var�able temperature EPR system for 

�nvest�gat�ons over –1�0 0C to 100 0C (±3 0C).

W�th �ts current advanced equ�pment and �nstrumentat�on, the 

EPR fac�l�ty enables �nvest�gat�ons on free rad�cals, trans�t�on 

metal �ons and rare-earth �on complexes, paramagnet�c po�nt 

defects �n crystals, �rrad�ated mater�als w�th broken bonds, 

paramagnet�c �mpur�t�es �n mater�als and conduct�on electrons 

or other charge carr�ers �n sem�conductors or metals and 

the�r character�zat�on. Many b�olog�cal and other d�amagnet�c 

systems doped w�th su�table paramagnet�c probes can also 

be �nvest�gated. The techn�que has been used at the NPL 

to �nvest�gate many technolog�cally �mportant mater�als l�ke 

sem�conductors, l�qu�d crystals, ferroflu�ds, trans�t�on metal 

complexes, ox�de glasses and conduct�ng polymers. The 

present capab�l�ty of the EPR act�v�ty �ncludes the �dent�f�cat�on 

and character�zat�on of paramagnet�c defect centres/

�mpur�t�es and the study of the�r role �n controll�ng propert�es 

of mater�als.

Infrared Spectroscopy

The techn�que of �nfrared (IR) spectroscopy deals w�th the 

�nteract�on of �nfrared rad�at�on w�th the molecular v�brat�ons �n 

sol�ds and l�qu�ds and molecular rotat�ons �n gases. IR related 

act�v�t�es were also �n�t�ated �n the early days of the Laboratory. 

Th�s techn�que �s w�dely employed �n the character�zat�on of 

molecules, bond�ng groups and the�r arrangement, as well as �n 

Perkin Elmer FTIR spectrophotometer

Varian X band EPR spectrometer
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Secondary Ion Mass Spectrometery (SIMS)

the study of �mpur�t�es �n crystals, organ�c compounds, th�n f�lms, 

sem�conductors etc. In add�t�on to such qual�tat�ve analys�s, IR 

spectroscopy can also be used for quant�tat�ve est�mat�on of 

subst�tut�onal and �nterst�t�al �mpur�t�es.

Earl�er, the IR work was carr�ed out us�ng d�spers�ve 

�nstruments l�ke the pr�sm spectrophotometer and the 

grat�ng spectrophotometer. A Four�er Transform IR (FTIR) 

spectrophotometer and an FT-Raman spectrophotometer were 

added �n 1��� and 2000 respect�vely. Today, the state-of-the-art 

IR fac�l�ty at the NPL not only meets the �n-house R&D needs 

but �s also be�ng extens�vely used by academ�c �nst�tut�ons, 

�ndustry and other outs�de agenc�es for cal�brat�ng products and 

mater�als l�ke thermometers, thermograph�c cameras, �nfrared 

detectors and polystyrene f�lms. 

                

D�fferent IR standards have been developed based on reflect�on 

and transm�ss�on measurements on s�l�con, german�um, 

z�nc sulph�de, z�nc selen�de, calc�um fluor�de and potass�um 

brom�de samples at normal and obl�que angles of �nc�dence. 

The Nat�onal Inst�tute of Standards and Technology (NIST), 

USA, has developed the polystyrene f�lm standard, for prov�d�ng 

reference wave number and wavelength values for the cal�brat�on 

of IR spectrophotometers. Compar�son of reflectance and 

transm�ttance measurements on var�ous mater�als made at the 

NPL and the NIST showed that there was good agreement �n 

general between these measurements.

Secondary Ion Mass Spectroscopy

The study of chem�cal compos�t�on and atom�c arrangements 

at the surfaces of sol�ds (up to 1-3 nm), and the�r mechan�cal, 

chem�cal and electron�c propert�es, const�tutes what �s known 

as surface sc�ence. S�nce the surface of a sol�d has almost a 2-

d�mens�onal structure compared to bulk mater�als, the propert�es 

of surfaces would always be d�fferent from those of the bulk. 

Deta�led knowledge of the surface �s, therefore, �mportant, as 

there are many processes of technolog�cal s�gn�f�cance that 

depend on surface character�st�cs. 

Surface phys�cs stud�es were started at the NPL around 1���-

�� as an offshoot of a UNDP project on ‘Vacuum Standards’. 

An ultra-h�gh vacuum system, capable of atta�n�ng a vacuum 

of <10-10 mbar, procured under the project was converted �nto 

a surface analyt�cal system, w�th a �-gr�d electron opt�cs, a 

sample man�pulator and necessary electron�c modules. W�th the 

�ntroduct�on of �nstruments for Low Energy Electron D�ffract�on 

(LEED), Auger Electron Spectroscopy (AES) and Electron 

Energy Loss Spectroscopy (ELS) stud�es, a comprehens�ve 

surface analyt�cal fac�l�ty was establ�shed �n 1��6-�7. Later, w�th 

f�nanc�al support from the CSIR, accessor�es l�ke a Cyl�ndr�cal 

M�rror Analyser (CMA), �on gun, electron gun etc. were added to 

the system to render a complete AES, ELS and Scann�ng Auger 

M�croscopy (SAM) capab�l�ty.  A dual anode X-ray Photoelectron 

Spectrometer (XPS), w�th AES and �on sputter�ng capab�l�ty, was 

�nstalled under an Indo-US b�lateral programme dur�ng 1���-�3, 

wh�ch gave r�se to some �nterest�ng research work l�ke ‘surface 

mod�f�cat�on by metal absorpt�on �n sem�conductor surfaces’.

A Secondary Ion Mass Spectrometer (SIMS), w�th three d�fferent 

pr�mary �on sources and a quadrupole based mass spectrometer, 

was set up �n 1��1 as part of another UNDP project. It �s now 

be�ng used for the character�zat�on of surfaces and �nterfaces 

of d�fferent sem�conductor mater�als requ�red for R&D at the 

NPL as well as �n other �nst�tut�ons. It �s also render�ng serv�ce to 

var�ous �ndustr�es.

The SIMS fac�l�ty has also been used to �nvest�gate the surface 

contam�nat�on of the Standard K�logram ma�nta�ned at d�fferent 

NMIs. The nat�onal prototype Standard K�logram made of 

plat�num (�0%)-�r�d�um (10%) alloy art�fact shows an �ncrease �n 

�ts mass when compared w�th the prototype kept at BIPM, Par�s, 

after the prescr�bed clean�ng procedure. A smaller repl�ca of th�s 

was obta�ned from BIPM and placed �n the same env�ronment 
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as the Ind�an standard for two years before compar�son. 

Surface analys�s by SIMS showed that most of the contam�nants 

l�ke oxygen, magnes�um, calc�um, carbon, sod�um and 

hydrocarbons �ncrease �mmed�ately after solvent clean�ng wh�le 

they reduce cons�derably �f only steam jet clean�ng �s adopted. 

It was also conf�rmed us�ng SIMS that var�ous oxygenated and 

non-oxygenated hydrocarbons get absorbed �mmed�ately after 

solvent clean�ng. Invest�gat�on w�th SIMS, therefore, has helped 

to conclude that only steam clean�ng be recommended for the 

stab�l�ty of Standard Masses ma�nta�ned at the NMIs. 

To character�ze the �nterfaces of nanoscale sem�conductor 

dev�ces, opt�m�zat�on of depth resolut�on �n SIMS was carr�ed 

out pr�or to the character�zat�on of the dev�ces based on s�l�con, 

gall�um arsen�de (GaAs) and s�l�con-german�um (S�-Ge). It was 

shown that a h�gh depth resolut�on of <2 nm could be ach�eved 

by opt�m�z�ng the �on mass, energy, angle of �nc�dence and �on 

fluence, although the energy could be as h�gh as 7 -10 keV.

3.10.3 X-ray Analysis and Materials 
Development

X-ray Facilities

The f�rst X-ray analys�s techn�ques and related fac�l�t�es were 

establ�shed at the NPL �n 1�6�. S�nce then the act�v�ty has grown 

to �nclude modern methods and equ�pment. It started w�th l�m�ted 

equ�pment, such as an old Norelco X-ray generator, two Debye 

Scherrer powder cameras and We�ssenberg camera. These 

were ma�nly used for crystall�ne phase analys�s, latt�ce parameter 

and structure determ�nat�on. In the next f�ve years a new Debye 

Scherrer camera w�th vacuum fac�l�ty, wh�ch can record large 

latt�ce spac�ng up to nearly �0 Å, a Gandolf� Debye Scherrer 

camera for record�ng powder pattern of a s�ngle crystal of small 

d�mens�on (≤1 mm) and one precess�on camera for record�ng 

und�storted representat�on of the rec�procal latt�ce were added. A 

sem� automat�c Ph�l�ps powder d�ffractometer and a 3 kW, 60 kV 

and �0 mA X-ray generator, Enraf Non�us, w�th 0.0�% stab�l�zat�on, 

were added to the fac�l�ty �n 1�6� and 1��0 respect�vely. Equ�pped 

w�th a graph�te monochromator and a Gu�n�er-Lenne camera 

w�th 11.�6 cm d�ameter, th�s equ�pment was su�table for thermal 

expans�on and phase transformat�on stud�es. In order to �ncrease 

the speed of analys�s and �mprove upon accuracy, a S�emens 

D-�00 m�croprocessor controlled X-ray d�ffract�on (XRD) system 

w�th a � kW generator (0.00�% stab�l�zat�on) and the state-of-the-

art D-� computer controlled powder X-ray d�ffractometer were 

�nstalled �n 1��2 and 2001 respect�vely.  

X-ray powder d�ffract�on structural stud�es on var�ous chalcogen�de 

sem�conductor mater�als have resulted �n the d�ffract�on data of 

seven compounds be�ng �ncluded �n the database publ�shed by 

the Internat�onal Centre for D�ffract�on Data (ICDD), USA. A s�l�con 

powder standard reference mater�al (catalogued as Bharatiya 

Nirdeshak Dravya, or BND, 1�01) has been prepared for use as 

‘d’ spac�ng standard for X-ray powder d�ffractometry exper�ments. 

Yet another XRD �ntens�ty standard α-Al2O3 powder �s under the 

process of cert�f�cat�on.

X-ray fluorescence spectroscopy �s yet another non-destruct�ve 

analyt�cal techn�que for qual�tat�ve and quant�tat�ve elemental 

analys�s down to ppm levels. A Ph�l�ps X-ray fluorescence 

spectrometer was purchased �n 1�6�, wh�ch could analyze 

elements Na11 (Sod�um, atom�c number 11) onwards. To 

overcome �ts l�m�tat�ons, a new XRF spectrometer (R�gaku 

3070E) was added �n 1��6, wh�ch can analyze elements from 

B� (boron) up to U�2 (uran�um).  X-ray analys�s fac�l�ty has now 

endowed the Laboratory w�th the capab�l�ty to carry out deta�led 

crystal structure determ�nat�on and crystall�ne phase analys�s, 

crystall�te s�ze measurements and stud�es on polymorph�sm, 

polytyp�sm, preferred or�entat�ons, macro defects, latt�ce stress/

stra�n etc. Th�s �n-house capab�l�ty has contr�buted s�gn�f�cantly 

�n the development of ferr�tes, carbon f�bres, phosphors, 

superconductors, N�O-Mn2O3 therm�stors, conduct�ng polymers 

etc. at the NPL.Bruker X-ray diffractometer
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In-house developed Czochralski (Cz) crystal puller

In the area of X-ray �nstrumentat�on, a hor�zontal powder X-

ray d�ffractometer, w�th a gon�ometer d�ameter of �30 mm, was 

des�gned and fabr�cated at the NPL. A sc�nt�llat�on counter 

us�ng �0 mm d�ameter sod�um �od�de (NaI) crystal and an EMI 

photomult�pl�er tube of 13 dynodes was fabr�cated to record 

the X-ray �ntens�ty. A graz�ng angle powder X-ray d�ffractometer 

was also des�gned and fabr�cated. 

Crystal Growth Facilities

The f�rst crystal growth fac�l�ty at the NPL was establ�shed �n the 

early 1�60s.  Crystal growth systems employ�ng the Kyropolous 

method were des�gned and fabr�cated. A large number of alkal� 

hal�de crystals were grown to study colour centres and other 

po�nt defects �n these crystals. From 1�66, �nvest�gat�on of 

growth and �mperfect�ons �n wh�sker crystals was undertaken to 

understand the mechan�sm of crystal growth, �n part�cular the 

role of defects and �mpur�t�es �n promot�ng the growth. For the 

d�rect observat�on of crystal defects l�ke d�slocat�ons, an X-ray 

d�ffract�on topography system, s�m�lar to the Lang Camera, was 

developed �n the early 1�70s. The development was s�gn�f�cant 

as no such system was ava�lable �n the country at that t�me. 

Th�s led to the establ�shment of a full-fledged crystal growth 

and character�zat�on fac�l�ty, wh�ch now �ncludes a number of 

crystal pullers and h�gh resolut�on X-ray d�ffractometers, some 

of them �nd�genously des�gned and bu�lt. 

For grow�ng s�ngle crystals under d�fferent thermal cond�t�ons 

obta�ned w�th su�table furnaces, three d�fferent Czochralsk� (Cz) 

pullers have been establ�shed. S�ngle crystals of alkal� hal�des, 

l�ke NaCl, KCl, KBr, L�F and ox�de crystals l�th�um n�obate 

(L�NbO3 or LN) and b�smuth germanate (B�3Ge�O12 or BGO) 

have been grown successfully by us�ng these techn�ques. 

A var�ety of organ�c and sem�-organ�c non-l�near opt�cal 

(NLO) mater�als, l�ke benz�m�dazole, L-alan�ne and th�o-urea 

complexes, have been grown by slow evaporat�on method 

and the recently �nvented un�d�rect�onal Sankaranarayanan-

Ramasamy (SR) method.

Single Crystal Characterization

A systemat�c study of d�ffuse X-ray scatter�ng (DXS) at h�ghest 

poss�ble exper�mental resolut�on was started �n the early 1�70s.  

For th�s purpose, a tr�ple crystal X-ray d�ffractometer that 

employed a m�cro-focus X-ray source was developed. In the 

1��0s, a four-crystal d�ffractometer was des�gned, developed 

and fabr�cated for the d�rect observat�on of m�cro-structural 

changes produced by externally appl�ed h�gh electr�c f�elds �n 

s�ngle crystals. Some of these exper�ments were also set up at 

Phys�kal�sch-Techn�sche Bundesanstalt (PTB), Braunschwe�g, 

Germany. Th�s work has recently generated renewed �nterest 

�n the context of rel�ab�l�ty of sem�conductor dev�ces and 

poss�b�l�t�es of us�ng th�s techn�que for non-destruct�ve 

d�agnost�cs of h�gh packaged �ntegrated c�rcu�ts.

In the 1��0s, a h�ghly soph�st�cated f�ve-crystal X-ray 

d�ffractometer was des�gned, developed and fabr�cated under 

the superv�s�on of Dr. Kr�shan Lal . Th�s d�ffractometer has a 

state-of-the-art level resolut�on and the d�ffract�on curves of 

nearly perfect crystals recorded on th�s system have a half 

w�dth w�th�n ten percent of the theoret�cally expected values. 

XRF spectrometer Rigaku 3070E
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The wavelength and d�rect�on spreads of the explor�ng X-ray 

beam have been reduced to the l�m�ts.  Th�s system has been 

used �n many �mportant �nvest�gat�ons related to s�ngle crystals, 

th�n f�lms, �nterfaces and dev�ces.  It has also been recently 

employed for h�gh-resolut�on X-ray reflectometry exper�ments. 

 

Character�zat�on of s�ngle crystals and ep�tax�al f�lms and 

dev�ces based on them �s now carr�ed out at the NPL us�ng 

the follow�ng X-ray d�ffractometers: (1) the f�ve crystal X-

ray d�ffractometer, w�th sealed f�ne focus X-ray source 

(FFXRS) for h�gh resolut�on X-ray d�ffractometry (HRXRD), 

to study dynam�cal d�ffract�on effects; (2) a mult�-crystal X-

ray d�ffractometer, w�th FFXRS for HRXRD and d�ffuse X-ray 

scatter�ng (DXS) measurements; (3) a double crystal X-ray 

d�ffractometer, w�th FFXRS for HRXRD and reverse topography; 

and, (�) a R�gaku make double cystal X-ray d�ffractometer, w�th 

rotat�ng anode X-ray generator for HRXRD, X-ray topography 

(XRT) and b�-ax�al stress measurements.  

Us�ng HRXRD data, perfect�on of nearly perfect s�ngle crystals 

and character�zat�on of structural sub-gra�n boundar�es was 

carr�ed out. The HRXRD methods were also used for the 

determ�nat�on of rad�us of curvature of crystallograph�c planes 

and crystallograph�c or�entat�on of surfaces �n s�ngle crystals 

and ep�tax�al f�lms by employ�ng an �n-house developed 

techn�que. The DXS method has been used to character�ze 

po�nt defects and the�r aggregates �n nearly perfect s�ngle 

crystals. D�slocat�ons �n s�ngle crystals and m�cro structural 

defects generated by external electr�c f�elds �n sem�conduct�ng 

and �nsulator crystals were also observed us�ng HRXRD and 

XRT techn�ques. 

X-ray character�zat�on stud�es at the NPL also establ�shed 

that, around room temperature, d�ffuse X-ray scatter�ng �s 

pr�mar�ly due to po�nt defects and the�r aggregates and not 

due to thermal phonons. It was also shown that del�berate 

�nduct�on of oxygen �mproved the qual�ty of FZ-grown S� 

crystals, wh�ch were otherw�se found to have �nherently less 

crystall�ne perfect�on as compared to Cz-pulled crystals. The 

effect of growth cond�t�ons, dopants, anneal�ng, �rrad�at�on etc. 

on crystall�ne perfect�on and NLO propert�es of var�ous organ�c 

and sem�-organ�c crystals have recently been eluc�dated 

through HRXRD based character�zat�on stud�es. 

3.10.4  Microscopy

Electron Microscopy

Electron m�croscopy fac�l�ty at the NPL was establ�shed 

�n the early 1��0s w�th the �nstallat�on of a transm�ss�on 

electron m�croscope (TEM). W�th the grow�ng need for h�gher 

magn�f�cat�on and better resolut�on, th�s fac�l�ty was upgraded 

�n 1�66 by �nstall�ng a super�or TEM. Th�s TEM was capable of 

go�ng up to a h�gher electron accelerat�ng voltage of 120 kV �n 

steps w�th a max�mum resolut�on of 0.� nm. In the 1��0s, the 

Laboratory felt the need for a Scann�ng Electron M�croscope 

(SEM) for the development of new mater�als and dev�ces, an 

SEM w�th 6 nm resolut�on and a var�able electron accelerat�ng 

voltage up to �0 kV was procured. The �nstrument has an 

energy d�spers�ve spectrometer (EDS) and a wavelength 

d�spers�ve spectrometer (WDS) as add-ons and �s capable of 

analyz�ng the surface m�crostructure in situ.  

LEO 440 Scanning Electron Microscope

with Oxford ISIS 300 EDS attachment

Five-crystal X-Ray diffractometer
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In 1��2, the f�rst TEM �n the country, w�th a var�able electron 

accelerat�ng voltage up to 200 kV and a resolut�on of 0.3� 

nm, was �nstalled at the NPL. Th�s mach�ne can handle two 

spec�mens s�multaneously and has add�t�onal features l�ke a 

heat�ng stage up to 1000 0C and a capab�l�ty to work �n the 

Scann�ng-cum-Transm�ss�on or STEM mode. A state-of-the-art 

computer controlled SEM, f�tted w�th turbo molecular pump for 

produc�ng clean vacuum, was added �n the year 1��� w�th 

an accelerat�ng voltage up to �0 kV. W�th heat and cold stage 

and tens�le stage attachments, the �nstrument �s capable of 

exam�n�ng a g�ven spec�men at var�ous heat�ng temperatures 

(-1�� 0C to �00 0C) and at d�fferent load�ng cond�t�ons (up to 

300 kN) under the electron beam, thus enabl�ng �nvest�gat�on 

of m�crostructural changes in situ.

Electron m�croscopy requ�res very spec�al techn�ques of 

spec�men preparat�on and the Laboratory �s well equ�pped to 

do th�s both for TEM and SEM stud�es. The fac�l�ty has thus 

establ�shed the capab�l�ty �n the m�crostructural character�zat�on 

of mater�als �n powder, th�n f�lm and bulk form. In recent years 

th�s capab�l�ty has attracted many automob�le, sem�conductor 

and pharmaceut�cal �ndustr�es of the country. 

Increas�ng use of nanophase mater�als has led to an excess 

demand on the electron m�croscopy fac�l�ty for character�z�ng 

part�cle s�ze, gra�n s�ze and d�str�but�on, gra�n boundary 

resolut�on, �nterfaces, ordered and d�sordered structures 

and d�spers�on of one component �n another. From the early 

stud�es of metal m�crostructures, coat�ngs of var�ous k�nds, 

superconduct�ng mater�als etc., electron m�croscopy has 

evolved at present to character�zat�on of nanomater�als 

for the�r s�ze and shape, nucleat�on and growth of 

m�crocrystall�ne structures, carbon nanotubes, z�nc ox�de 

(ZnO) tetrapods, nanow�res etc.

Scanning Tunneling Microscope and Atomic 
Force Microscope

The Laboratory also has a Scann�ng Tunnel�ng M�croscope 

(STM) and an Atom�c Force M�croscope (AFM). Both these 

�nstruments have sub-angstrom resolut�on and can be used 

for study�ng surface topography and other defect structures 

such as d�slocat�ons, stack�ng faults and tw�nn�ng. The former 

can �mage conduct�ng samples whereas the latter can �mage 

both non-conduct�ng and conduct�ng samples. The AFM can 

be used for b�olog�cal samples also.    

JEOL TEM Model JEM 200CX Scanning Tunneling and Atomic Force Microscopes
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3.10.5 Mechanical and Metallurgical Testing

Fac�l�t�es for mechan�cal and metallurg�cal character�zat�on 

of metals, alloys and compos�tes have also been establ�shed 

as part of the metals and alloys act�v�ty at the NPL, wh�ch 

�nclude:   

• A � tonne Un�versal Test�ng Mach�ne for the measurement  

 of parameters related to tens�le and compress�ve test�ng  

 of mater�als, l�ke ult�mate tens�le strength, y�eld strength  

 and percentage elongat�on over a temperature range of  

 –100 0 C to 3�0 0 C. 

• A m�cro-hardness test�ng mach�ne for the measurement  

 of m�crohardness of mater�als under a load range of

 1g - 2 kg us�ng the V�cker and Knoop m�cro-�ndentat�on  

 method.

• Inverted Metallurg�cal Opt�cal M�croscope w�th �mage 

 analys�s software for the study of m�crostructures   

 of metals, alloys, compos�tes �nclud�ng gra�n s�ze, poros�ty  

 and phase analys�s.

• Wear and fr�ct�on mon�tor for the measurement of   

 wear and fr�ct�on parameters of mater�als, l�ke coeff�c�ent  

 of fr�ct�on, wear, etc. under a load range of � – 200 N  

 along the normal and a fr�ct�onal force range of  

 0 – 200 N. The �nstrument can measure wear over  

 0 – 2000 m�crometre range.

• Other fac�l�t�es �nclude pol�sh�ng and    

 lapp�ng mach�nes, ag�ng furnace, hardness testers,  

 dens�ty measur�ng dev�ce, d�amond abras�ve saw and a  

 set-up for the determ�nat�on of volume fract�on �n Metal  

 Matr�x Compos�tes (MMCs).

Wear and friction monitorA 5 tonne Universal Testing Machine (INSTRON make)
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NPL AS CENTRE OF RADIO AND ATMOSPHERIC SCIENCES

 1.  HISTORICAL BACKGROUND

Apart from the measurements of phys�cal quant�t�es l�ke mass 

and length, measurements related to many �nd�scern�ble phys�cal 

parameters were also severely requ�red �n the country. These 

�ncluded �onospher�c measurements, wh�ch were needed to set 

up h�gh frequency (HF) commun�cat�on systems by agenc�es 

l�ke the All Ind�a Rad�o (AIR), the Overseas Commun�cat�on 

Serv�ces (OCS) and the defence serv�ces. Indeed, these 

agenc�es were look�ng to the NPL for prov�d�ng data requ�red 

for rad�o commun�cat�on serv�ces �n the country. To fulf�ll th�s 

nat�onal pr�or�ty, Dr. K S Kr�shnan, the then NPL d�rector, �n�t�ally 

set up a Secretar�at of the Rad�o Research Comm�ttee (RRC) �n 

the Laboratory and was on the look out for a br�ght sc�ent�st to 

lead th�s act�v�ty. In 1��2, Dr. Kr�shnan met Dr. A. P. M�tra dur�ng 

the 10th General Assembly of the Internat�onal Un�on of Rad�o 

Sc�ence (URSI) at Sydney, Austral�a, and offered h�m the post of 

the Secretary, RRC. Dr. M�tra, who was then at the Pennsylvan�a 

State Un�vers�ty, U.S.A., accepted th�s offer and jo�ned the NPL 

�n 1���.

The RRC had often expressed the need for a nat�onal level 

organ�zat�on that could co-ord�nate the �onospher�c data recorded 

at the var�ous �onospher�c stat�ons �n Ind�a and forecast rad�o wave 

propagat�on cond�t�ons on a regular bas�s. At that t�me, plann�ng 

of rad�o commun�cat�on by the var�ous agenc�es depended 

on the bas�c pred�ct�ons obta�ned from the U.K. and Austral�a.  

The RRC had also recommended that th�s rel�ance on external 

sources �n th�s cr�t�cal area should be d�scont�nued. Follow�ng th�s 

recommendat�on, Dr. M�tra created a group to make �onospher�c 

pred�ct�ons for des�gn�ng and develop�ng rel�able commun�cat�on 

l�nks �n the country and, �n January 1���, began publ�sh�ng the 

f�rst co-coord�nated bullet�n wh�ch gave data from s�x �onospher�c 

stat�ons. In the follow�ng year, another bullet�n was started wh�ch 

�ssued monthly pred�ct�ons on the rad�o wave cond�t�on s�x months 

ahead. The pred�ct�ons by the NPL fared better than the Zur�ch 

pred�ct�ons, wh�ch were then �n vogue. 

1.1  Radio Propagation Unit

On Apr�l 1, 1��6, a new research un�t called the Rad�o 

Propagat�on Un�t (RPU) was establ�shed at the NPL to wh�ch 

the ent�re sc�ent�f�c staff of the RRC secretar�at was transferred. 

By then, the act�v�t�es of the group had cons�derably expanded 

both �n theoret�cal and exper�mental �onospher�c phys�cs. 

Theoret�cal stud�es �ncluded problems deal�ng w�th product�on 

and loss processes and �on chem�stry �n the var�ous reg�ons 

of the �onosphere. Among the exper�mental programmes were 

the recept�on and measurement of atmospher�c rad�o no�se at 

27 and 100 kHz and cosm�c rad�o no�se at 22.� MHz.

There were two reasons for undertak�ng these programmes. 

F�rstly, these were s�mple exper�ments, wh�ch needed no 

transm�tters, as these rad�o em�ss�ons were natural. Secondly, 

the study of rad�o wave propagat�on at very low frequency 

(VLF) and very h�gh frequency (VHF) was �nadequate �n the 

country and such stud�es would y�eld results of sc�ent�f�c and 

pract�cal s�gn�f�cance. These exper�ments, �n add�t�on, prov�ded 

�nformat�on on the D-reg�on of the �onosphere. Cosm�c rad�o 

no�se absorpt�on prov�ded �nformat�on about the �onospher�c 

Sunspot number is an index of solar activity and is an important parameter 

in planning high frequency (HF) communication. A method to predict sun 

spot numbers was developed at NPL in 1956.This method faired better 

than the prevalent Zurich prediction technique
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F-reg�on too because a s�gn�f�cant component of absorpt�on 

at the low lat�tudes was due to the upper �onosphere.  These 

exper�ments also prov�ded bas�c tools for rad�o mon�tor�ng 

of solar flares.  In the later years, �onospher�c effects of solar 

flares emerged as an �mportant act�v�ty of the RPU. 

  

 2.  IGY AND IQSY

The f�rst thrust to the rad�o sc�ence act�v�ty at the NPL came 

w�th the advent of the �nternat�onal programme called the 

Internat�onal Geophys�cal Year (IGY) dur�ng 1��7-��, followed 

�n 1��� by the Internat�onal Geophys�cal Cooperat�on (IGC).  

Ind�a had planned to play a s�gn�f�cant role �n both and a 

nat�onal comm�ttee was formed w�th Dr. K.S. Kr�shnan as the 

Cha�rman and Dr. M�tra as the Secretary.  As a result, the NPL 

became deeply �nvolved w�th the co-ord�nat�on of several 

nat�onal programmes l�ke the Equator�al Electrojet, F2-reg�on 

Appleton (Equator�al) Anomaly, �onospher�c absorpt�on, rad�o 

patrol for solar flares and �onospher�c dr�fts. To w�den the scope 

of sc�ence and �ts appl�cat�ons, a cha�n of 11 �onospher�c 

stat�ons was set up for stud�es deal�ng w�th equator�al and low 

lat�tude �onosphere, w�th emphas�s on the Equator�al Anomaly.  

An automat�c vert�cal �nc�dence �onosonde was �nstalled at the 

NPL. Th�s recorder had come as a g�ft from the Un�ted States 

under the Techn�cal Cooperat�on M�ss�on (TCM) for the IGY 

and the IGC programmes. It prov�ded a wealth of data, wh�ch 

were used for understand�ng the �onospher�c structure and 

dynam�cs.

It was also a source of data for advanced �onospher�c 

research to v�s�tors from var�ous Ind�an un�vers�t�es where no 

such fac�l�t�es ex�sted. Electron dens�ty prof�les obta�ned w�th 

the �onosonde recorder �n comb�nat�on w�th the cosm�c rad�o 

no�se absorpt�on measurements prov�ded the f�rst gl�mpse 

of the outer �onosphere (tops�de) – a un�que contr�but�on to 

�onospher�c stud�es at that t�me.  Th�s �nstrument was also used 

as a patrol for solar flares and �n the detect�on of megaton 

range nuclear explos�ons.  

 

W�th the launch�ng of the f�rst satell�te Sputn�k-I by the Sov�et 

Un�on �n 1��7, the space era had begun.  The rad�o sc�ent�sts 

at the NPL entered th�s new f�eld by record�ng s�gnals from 

the rad�o beacons of the satell�te COSMOS � at frequenc�es of 

20, �0 and �1 MHz.  These stud�es y�elded a lot of �nterest�ng 

results on the total electron content (TEC) of the �onosphere. 

Upper atmospher�c model for h�gh solar act�v�ty and est�mates 

of loss and dr�ft �n the F2 reg�on obta�ned at the NPL were the 

f�rst to come from Ind�a �n th�s f�eld. By the early 1�60s, g�ven the 

v�s�ble �mpact of �ts act�v�t�es nat�onally and �nternat�onally, the 

NPL came to be regarded as the nodal agency for �onospher�c 

phys�cs �n Ind�a.  

The next thrust came from Prof. P.M.S. Blackett, FRS, who 

was �nv�ted by the CSIR to rev�ew the performance of the 

var�ous CSIR laborator�es, �nclud�ng the NPL. Prof. Blackett 

�n h�s report, wh�ch was subm�tted �n January 1�63, rated the 

Rad�o Propagat�on Un�t’s ach�evements as “f�rst class” and 

recommended expans�on to enable the Un�t’s programme to 

�nclude space research and rad�o astronomy, wh�ch he thought 

were  “attract�ve and sens�ble”.  However, the Tata Inst�tute of 

Fundamental Research (TIFR) took lead �n establ�sh�ng a rad�o 

astronomy programme �n a b�g way, wh�ch probably led to the 

programme at the NPL not really tak�ng off.  

Another major �nternat�onal event, the Internat�onal Qu�et 

Sun Year (IQSY) began dur�ng 1�6�-6�, w�th the NPL aga�n 

co-ord�nat�ng the Ind�an part�c�pat�on. Although, �t was 

bas�cally a repeat of the exper�ments done dur�ng the IGY, 

the stud�es were s�gn�f�cant s�nce the atmospher�c and solar 

act�v�ty cond�t�ons had changed.  The sun was now qu�et as 

aga�nst the largest solar max�mum dur�ng the IGY and thus 

the IQSY was expected to prov�de some new results for a 

solar m�n�mum. The results obta�ned dealt w�th the effect of 

A major activity during the International Geophysical Year 1957-58 was 

studying the ionospheric effects of solar flares. Radio noise signals at 100 

KHz showed large enhancements at times of solar flares
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solar act�v�ty on neutral atmosphere, sudden �onospher�c 

d�sturbances, �on compos�t�on, �on chem�stry, cosm�c rad�o 

no�se, TEC and �rregular�t�es �n the F-reg�on of the �onosphere 

known as Spread-F.   

 3.   EXPANSION OF ACTIVITIES

In the m�d-1�60s, research �n rad�o sc�ences grew s�gn�f�cantly 

at the NPL and the RPU was upgraded as a separate Rad�o 

Sc�ences D�v�s�on. Subsequently, the D�v�s�on was also g�ven 

a formal structure w�th act�v�t�es class�f�ed �nto four broad 

areas: (1) Aeronomy, deal�ng w�th the study of phys�cal and 

chem�cal phenomena of the upper atmosphere (g�ven the 

�mportance of atmospher�c chem�stry at �onospher�c and 

stratospher�c he�ghts); (2) Space Research, w�th an emphas�s 

on balloon, rocket and satell�te based research of the upper 

atmosphere; (3) Ground Based Fac�l�t�es, for �nvest�gat�ons 

us�ng ground based techn�ques l�ke �onosonde, cosm�c rad�o 

no�se absorpt�on and VLF and LF exper�ments; and, (�) Rad�o 

Commun�cat�on, for stud�es ma�nly focused on rad�o wave 

propagat�on �n both �onosphere and troposphere. By the early 

1�70s, the sc�ent�f�c act�v�t�es and output from the D�v�s�on 

had �ncreased s�gn�f�cantly and a number of nat�onal and 

�nternat�onal collaborat�ons were �n�t�ated.  The D�v�s�on also 

played a p�votal role �n start�ng the Indian Journal of Radio and 

Space Physics, publ�shed by the CSIR.

In the area of space research, there were collaborat�ons w�th 

the U.S. and Japanese sc�ent�sts. Many rockets w�th Ind�an, 

U.S. and Japanese payloads were flown to study the phys�cs 

of D-reg�on at the magnet�c equator.  A new techn�que, the 

rocket-borne R�ometer proposed by Dr. A. P. M�tra and Dr. Y. 

V. Somayajulu, to determ�ne D-reg�on electron dens�t�es was 

developed and flown successfully. Rockets were also launched 

to obta�n the flare t�me electron dens�t�es and to study the role 

of X-rays �n the D-reg�on �on�zat�on dur�ng the flares.

In another programme three rockets were launched on the 

same day �n a collaborat�ve programme w�th the NASA to 

study the dayt�me var�at�on of the D-reg�on at the equator.  

The NPL-Japan collaborat�ve programme had D-reg�on 

measurements us�ng the convent�onal propagat�on exper�ment 

and the �nstrument called the Gerd�en condenser. The NPL 

Megaton range nuclear explosions at Novaya Zemlya (USSR) in early 

sixties affected both the D- and the F-regions of the ionosphere. Cosmic 

radio noise technique detected effects as enhancements of absorption 

from both the regions

Before the satellite era not much information was available on the 

temperature and composition of upper atmosphere. Data on satellite drag 

measurements during the IGY was used to generate models of upper 

atmosphere during high solar activity. These models were employed by 

the Committee on Space Research (COSPAR) to finalize the COSPAR 

International Reference Atmosphere, CIRA-1965
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was the only laboratory �n the country that was fabr�cat�ng 

and fly�ng these rocket payloads. These rocket measurements 

of equator�al D-reg�on were perhaps the f�rst of �ts k�nd and 

rece�ved �nternat�onal attent�on.

 

Results from the beacon exper�ments on the total electron 

content (TEC) us�ng orb�t�ng satell�tes, BE-B and BE-C, showed 

how the TEC responded to changes �n the solar and magnet�c 

act�v�ty.  Record�ng of the ampl�tude and Faraday rotat�on of 

�0 and 1�0 MHz transm�ss�ons from the geostat�onary satell�te 

ATS-6 for about a year dur�ng the m�d-1�70s gave the f�rst da�ly 

d�urnal record of the TEC up to the satell�te alt�tude, much above 

the tops�de �onosphere and the plasmasphere. All prev�ous 

stud�es were w�th low orb�t�ng satell�tes.  S�nce the transm�ss�ons 

covered a w�de range of frequenc�es from �0 MHz to �60 MHz, 

�t prov�ded a un�que opportun�ty to study the frequency related 

effects on sc�nt�llat�on �n the equator�al zone.  It was generally 

assumed that sc�nt�llat�ons d�d not occur at h�gher frequenc�es.  

However, w�th ATS-6, qu�te a few cases of severe sc�nt�llat�ons 

were observed at 360 MHz and more so dur�ng solar max�mum. 

Th�s was an �mportant result wh�ch was of major consequence 

to satell�te commun�cat�on. ATS-6 observat�ons were made at a 

large number of Ind�an stat�ons, mostly on the 7� 0E long�tude, 

and results on the lat�tud�nal var�at�on of the TEC as well as on 

sc�nt�llat�on �ndex were of excellent qual�ty and got �nternat�onal 

recogn�t�on.  C-band sc�nt�llat�on work �n the country started �n 

the early 1��0s us�ng INSAT satell�tes and �t found �onospher�c 

effects even at � GHz frequency, a f�nd�ng of s�gn�f�cance to 

satell�te commun�cat�on and nav�gat�on �n the Ind�an reg�on.  

 

4.  REGIONAL WARNING CENTRE

Due to the var�ed act�v�t�es related to HF rad�o commun�cat�on, 

the �onospher�c research group at the NPL later got the un�que 

d�st�nct�on of operat�ng the Ind�an Reg�onal Warn�ng Centre 

(RWC-Ind�a) as a part of the Internat�onal Space Env�ronment 

Serv�ces (ISES) cha�n. The ISES operates 12 RWCs globally 

and �s respons�ble for the collect�on and d�ssem�nat�on of a w�de 

var�ety of near-real t�me data on solar geophys�cal cond�t�ons 

to users all over the world. The RWC-Ind�a has developed 

d�fferent �onospher�c models and now prov�des space weather 

alerts and forecasts, solar cycle and act�v�ty pred�ct�ons and 

rad�o propagat�on serv�ces to d�fferent users �n the country.  

Dur�ng the early 1�70s some noteworthy research work was 

done and some landmark �n�t�at�ves were taken.  Effects of 

Ch�nese nuclear explos�ons detected by rout�ne �onospher�c 

sound�ng exper�ments were s�m�lar to the effects of the Sov�et 

and Amer�can explos�ons seen �n the 1�60s. The s�x-�on model 

of the D-reg�on �on chem�stry �ntroduced by M�tra and Rowe 

offered certa�n advantages over the several complex �on 

schemes used by other workers �n construct�ng the D-reg�on 

prof�les under qu�et and d�sturbed cond�t�ons.

S�m�larly, stud�es on tops�de electron and �on dens�ty, 

photoelectron flux and electron temperature obta�ned by us�ng 

Langmu�r and Retard�ng Potent�al Analyzer (RPA) probes on 

BE-B, Alouette-2, OGO-� and Explorer-31 satell�tes dur�ng 

normal and storm t�me per�ods produced �mportant results, 

wh�ch later got �ncluded �n text books on �onosphere. S�gn�f�cant 

research was also done on the correlat�on of solar act�v�ty w�th 

d�urnal changes �n the F-reg�on parameters l�ke hmF2, TEC, 

electron temperature, tops�de heat flux and th�ckness and 

shape parameters of the �onospher�c F-layer.

A model of the �onosphere called the Internat�onal Reference 

Ionosphere (IRI) was be�ng developed under a jo�nt project of 

the Comm�ttee on Space Research (COSPAR) of ICSU  and 

URSI dur�ng the 1�60s. However, th�s needed ref�nement and 

�mprovement by �ncorporat�ng the ground truth spec�f�cally 

over the trop�cs, where �onospher�c var�ab�l�ty and dynam�cs 

played a v�tal role.  The NPL took �n�t�at�ve �n th�s and started �ts 

IRI act�v�t�es, wh�ch are cont�nu�ng t�ll date. The f�rst vers�on of 

Electron densities in the ionospheric D-region were measured by a 

riometer fitted on a rocket at the equatorial station Thumba. This was the 

first such measurement ever done
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the IRI came out �n 1�7� and, s�nce then, �t �s be�ng updated 

and �mproved on an annual bas�s. The early IRI-related work at 

the NPL was on the �mprovement of the electron temperature 

model based on the electron dens�ty and electron temperature 

relat�onsh�p evolved at the NPL. Th�s now forms an �mportant 

�nput to the latest IRI (2000) model. 

The strong features of the �onospher�c parameters revealed 

through these stud�es �n the equator�al reg�on compared to m�d 

lat�tudes formed the sc�ent�f�c foundat�ons for the RPA payload on 

the SROSS satell�te of the Ind�an Space Research Organ�sat�on 

(ISRO). W�th a large data generated w�th the RPA exper�ment 

on the SROSS-C2 satell�te, a number of compar�sons of var�ous 

parameters measured by the RPA have been made w�th the IRI.  

These suggest that the IRI st�ll needs to be �mproved, espec�ally 

for low and equator�al lat�tudes, s�nce �onospher�c models form 

backbone of the GPS and other pos�t�on f�x�ng techn�ques and 

t�me synchron�zat�on exper�ments all over the world. 

 5.   TROPOSPHERIC AND LOWER   
      ATMOSPHERIC STUDIES 
     
In the m�d-1�70s the act�v�t�es d�vers�f�ed �nto h�gher frequency 

ranges lead�ng to stud�es �n tropospher�c phys�cs and lower 

atmospher�c sc�ence. An �mportant element of these was 

tropospher�c commun�cat�on. 

5.1  Tropospheric Communication

Most of the research work �n the 1��0s and 1�60s was 

concerned w�th the upper atmosphere because �t had 

d�rect relevance to rad�o propagat�on v�a the �onosphere.  

But w�th the passage of t�me, the use of very h�gh and ultra 

h�gh frequenc�es for commun�cat�on �ncreased. The s�gnals 

at these frequenc�es propagate through the troposphere, 

the lowest reg�on of the Earth’s atmosphere. Research on 

the troposphere and �ts const�tuents l�ke water vapour, ra�n, 

thermal and refract�v�ty grad�ents was �n�t�ated at the NPL. 

To map the thermal structures �n the lower boundary layer, 

the development of ‘sodar’ was undertaken w�th the object�ve 

of study�ng atmospher�c turbulence. A sodar �s bas�cally an 

acoust�c radar that prov�des a p�ctor�al v�ew of the dynam�cs 

of the thermal structures �n the atmospher�c boundary layer 

NPL, India is one of the 12 Regional Warning Centers of International 

Space Environment Services (ISES) of URSI to issue space-weather alerts 

and predictions to users in India and in the neighboring countries

INTERNATIONAL SPACE ENVIRONMENT SERVICES (ISES)       
DIFFERENT REGIONAL WARNING CENTERS (RWC’s)

Electron temperature (Te) is an important parameter in the study of 

ionospheric physics. A Te model was one of the earliest input from this 

laboratory in mid 1970s for the improvement of International Reference 

Ionosphere (IRI)

With an improved prediction technique, sunspot numbers have been 

predicted for all the years for the forthcoming solar cycle 24, (2007-2018)
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�n real space and t�me.  The NPL was the f�rst to des�gn, 

produce and operate a sodar �n Ind�a. A sodar system us�ng 

the reflector horn antenna as rece�ver and a square array 

antenna as the transm�tter and operat�ng at 2 kHz became 

funct�onal �n 1�73.  

But the techn�que proved to be more versat�le than or�g�nally 

env�saged. It was real�zed that �t could be used to locate and 

measure the �ntens�ty of thermal and veloc�ty anomal�es and 

was thus a powerful tool for mon�tor�ng boundary layers.  An 

�mproved ‘monostat�c’ system was des�gned and fabr�cated 

wh�ch enabled the mapp�ng of the thermal structure of the 

lower atmosphere up to a he�ght of 600 m aga�nst the earl�er 

3�0 m.  A s�m�lar system was �nstalled at Aya Nagar for 

compar�son w�th the rad�osonde measurements undertaken 

by the Ind�a Meteorolog�cal Department (IMD). A number of 

sodars were set up �n the country �n co-operat�on w�th the NPL 

to study the boundary layer. A sodar has been �n cont�nuous 

operat�on at the NPL s�nce then and has been used for a 

var�ety of atmospher�c phenomena �nclud�ng surface layer 

mapp�ng, pollut�on problems, stud�es of tornadoes and large- 

scale atmospher�c d�sturbances.

A phased array w�nd prof�l�ng sodar, capable of measur�ng 

boundary layer atmosphere w�nds, was also developed. The 

prof�ler has been des�gned around a powerful d�rect�onal 

phased array acoust�c antenna us�ng 10� p�ezo-electr�c 

transducers that can rad�ate acoust�c s�gnals of �ntens�ty of the 

order of 1600 Wac /m
2 �n a narrow beam of 100.  The rad�ated 

beam �nteracts w�th the atmospher�c �nhomogene�t�es and �s 

scattered. The back-scattered acoust�cal s�gnal �s converted 

to low-level electr�cal s�gnals. Us�ng the prof�les, hor�zontal and 

vert�cal w�nds are der�ved.

W�th �ts capab�l�ty to prov�de cont�nuous s�te-spec�f�c data, sodar 

has proved to be a potent�al tool for del�ver�ng meteorolog�cal 

data needed �n d�spers�on model�ng for Env�ronment Impact 

Assessment (EIA) of pollut�ng �ndustr�es such as thermal power 

plants. To meet the grow�ng need for ready to use a�r pollut�on 

meteorolog�cal data for �ndustr�es seek�ng env�ronment 

clearance, a PC-based user fr�endly sodar was developed 

at the NPL and the techn�cal know how was transferred to a 

pr�vate f�rm �n 2001 for �ts commerc�al�zat�on. 

This laboratory was the first to design, produce and operate an acoustic radar (Sodar) in the early seventies. Photo shows initial stages of Sodar antenna 

development at NPL
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G�ven �ts versat�l�ty, over t�me, sodar has also become the favoured 

cho�ce for several mult�-techn�que and mult�-�nst�tut�onal nat�onal 

level f�eld campa�gn measurements �n reg�onal a�r qual�ty stud�es, 

and mon�tor�ng of b�omass burn�ng and fog. A battery operated 

m�n� mob�le system has been developed for use �n such f�eld 

stud�es. The system has been successfully used �n several f�eld 

exper�ments �nclud�ng the land campa�gn measurements under 

ISRO’s Geosphere-B�osphere Programme (ISRO-GBP).

The �mportance of tropospher�c stud�es for m�crowave and mm-

wave commun�cat�on was also becom�ng ev�dent �n the early 

1�70s. Tropospher�c propagat�on was also of �nterest to the 

M�n�stry of Defence to establ�sh trans-hor�zon troposcatter l�nks. 

It, therefore, sponsored a major research programme called the 

A�r Defence Ground Env�ronment System (ADGES) under wh�ch 

projects were undertaken by several �nst�tut�ons �nclud�ng the 

NPL.  The efforts at the NPL �ncluded: 

• Character�zat�on of the tropospher�c med�um;

• Pred�ct�on models for f�xed, mob�le and mar�ne   

 commun�cat�on; and,

• Measurement of ra�n, water vapour and cloud attenuat�on.

An �mportant outcome of th�s work was the atlas of tropospher�c 

rad�o refract�v�ty over the Ind�an sub-cont�nent based on data 

from 16 regular rad�osonde stat�ons and from spec�al Indo-USSR 

mar�ne exped�t�ons.  The relevance of th�s atlas ar�ses from the 

fact that rad�o refract�v�ty prof�le �n the lowest two km of our 

atmosphere determ�nes the qual�ty and rel�ab�l�ty of radar and 

m�crowave commun�cat�on systems. The atlas was upgraded 

by us�ng data from a larger network of rad�osonde stat�ons and 

�ncludes est�mates of refract�v�ty prof�les over oceans us�ng the 

data from the Monsoon Exper�ment (MONEX) of the late 1�70s. 

Acoustic Wind Profiler

Monostatic sodar system presents atmospheric pictures on round-the-

clock basis. This makes it an extremely useful device to map atmosphere 

continuously. Photograph shows (a) Complete system electronics 

developed at NPL, which can be housed in a vehicle for mobile operations. 

(b) Phased array antenna for beam steering developed at NPL. This 

antenna is enclosed in a hexagonal shield, and (c) Hexagonal Doppler 

sodar shield mounted on the top of a vehicle for mobile operation

a

b

c
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The data generated under the ADGES project were �nstrumental 

�n the preparat�on of Ind�a’s own methodology for troposcatter 

and radar propagat�on. Stud�es were also carr�ed out on water 

vapour d�str�but�on over the Ind�an subcont�nent, wh�ch �nd�cated 

that the h�ghest dens�t�es ex�sted �n the Southwest coast, followed 

by the West coast, the East coast and the Northern pla�ns.

 

 6.  ATMOSPHERIC SCIENCES 

The word “rad�o” was trad�t�onally connected w�th the 

�onosphere. However, a lot of the act�v�t�es dur�ng the 

1��0s and the 1��0s were related to stud�es on the neutral 

atmosphere, espec�ally the troposphere, stratosphere and 

the�r m�nor const�tuents -- ozone and the GHGs.  In fact, by the 

early 1��0s, more than �0% of rad�o sc�ent�sts were engaged 

�n th�s act�v�ty. One of the challenges �n the 1�70s and the 1��0s 

was to understand the behav�or of stratospher�c ozone. In 1�71 

Paul Crutzen and Harold Johnston had suggested the poss�ble 

destruct�on of stratospher�c ozone due to large-scale �nject�on 

of n�tr�c ox�de (NO) from superson�c a�rcraft. Around the same 

t�me F. Sherwood Rowland and Mar�o Mol�na descr�bed the role 

of chlor�de rad�cals (Clx) from propellants used �n aerosol sprays 

�n the destruct�on of atmospher�c ozone. A new f�eld on the 

study of m�nor const�tuents �n the atmosphere, w�th emphas�s on 

ozone-attack�ng chem�cals, opened up.  A number of other ozone 

destroy�ng sources were be�ng �nvest�gated.  Bes�des NO, n�trous 

ox�de (N2O) from agr�culture pract�ces, chlorofluorocarbons 

(CFCs) from refr�gerants and brom�nated compounds used as f�re 

retardants were be�ng �mpl�cated. In add�t�on, the roles of carbon 

monox�de and d�ox�de (CO & CO2) from combust�on processes 

and methane (CH�) generated from a var�ety of sources were 

also be�ng cons�dered.  These m�nor const�tuents, espec�ally 

CO2 and CH�, now called the Greenhouse Gases (GHGs), were 

to become a major area of work �n the years to come due to the�r 

role �n global warm�ng.  The NPL was among the f�rst �n Ind�a to 

get �nto th�s new f�eld, part�cularly �n the study of the role of NOX 

�n atmospher�c ozone chem�stry.  The h�story of NOX �nput from 

natural sources was est�mated us�ng a total of 173 s�gn�f�cant 

events dur�ng the per�od 1���-1�73. Th�s also �ncluded �nputs 

from nuclear explos�ons, large solar flare events, as those of July 

1��� and August 1�72, and the contr�but�on from galact�c cosm�c 

rays.

The follow�ng three major areas of work were also started dur�ng 

the 1��0s:

• Planetary Atmospheres;

• M�ddle Atmosphere; and,

• Antarct�c Atmosphere.

6.1 Planetary Atmospheres

There was a great deal of act�v�ty �n the late 1�60s and 

throughout the 1�70s on planetary explorat�on by the Sov�ets 

as well as the Amer�cans. Deep space probes l�ke ‘Voyager’, 

‘P�oneer’ and ‘Mar�ner’ of the U.S. and ‘Mars’ and ‘Veneras’ of the 

Sov�ets were generat�ng enormous data on the env�ronments of 

var�ous planets. The NPL too entered the f�eld w�th an analys�s 

of rad�o occultat�on exper�ments on the P�oneer 10 & 11 and 

Voyager 1 & 2. The stud�es showed the ex�stence of “Equator�al 

Anomaly” �n the �onospheres of Jup�ter and Saturn, wh�ch are 

magnet�c planets.  At about the same t�me, the P�oneer Orb�ter 

was orb�t�ng Venus, whose data sets were made ava�lable to 

�nterested sc�ent�sts. These too were analysed at the NPL. 

Some s�gn�f�cant results from th�s �nclude: (1) the near l�near 

response of �onospher�c magnet�c f�elds to solar w�nd dynam�c 

pressure; (2) the establ�shment of solar extreme ultrav�olet (EUV) 

rad�at�on, and not the solar w�nd, as the major heat source for 

the Venus �onosphere; (3) the effect of solar EUV var�at�ons on 

the n�ght s�de �onosphere of Venus; and, (�) the detect�on of 

solar flare effects and superthermal �ons on Venus.

 

W�th the ava�lab�l�ty of rad�o occultat�on, measurements g�v�ng 

electron dens�ty prof�les of Mars, �t was poss�ble to draw 

parallels between the �onospheres of Venus and Mars and 

the�r s�m�lar response to solar w�nd.  From these compar�sons, 

the NPL sc�ent�sts showed that Mars had no magnet�c f�eld of 

�ts own, wh�ch was subsequently ver�f�ed to be correct by the 

magnetometer exper�ments on Phobos-2 �n 1��� and on Mars 

Global Surveyor (MGS) �n 2000. There were other �mportant 

results on the outflow of molecular �ons from Mars and water on 

anc�ent Mars as well.   

6.2 Middle Atmosphere

Unt�l the 1��0s, the reg�on between the troposphere and the 

thermosphere -- between 10 km and 100 km he�ght – was the 
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least explored due to lack of techn�ques.  Moreover, there was 

enough ev�dence to show the l�nkages between the lower, the 

m�ddle and the upper atmospheres, wh�ch emphas�zed the need 

to undertake an �ntegrated study of the atmosphere. Th�s led to 

the h�ghly amb�t�ous �nternat�onal programme called the M�ddle 

Atmosphere Program (MAP). The Ind�an M�ddle Atmosphere 

Programme (IMAP) was started �n 1��2, wh�ch made use of a 

mult�pl�c�ty of techn�ques based on opt�cal, rad�o and acoust�c 

sensors located on the ground and �n balloons and rockets.  

The programme, or�g�nally planned up to December 1���, 

lasted t�ll March 1���.

The NPL �n�t�ated �mportant projects under the programme to 

meet IMAP’s three �mportant a�ms: 

• To exam�ne the poss�b�l�t�es of damage to the Earth’s  

 m�ddle atmosphere from human act�v�t�es; 

• To study the role played by the m�ddle atmosphere �n  

 determ�n�ng the cl�mate and cl�mate changes; and,

• To exam�ne processes by wh�ch the sun, act�ng through  

 the m�ddle atmosphere, may affect the weather. 

 

To meet these a�ms, an �mportant nat�onal project to measure 

solar UV-B rad�at�on and the atmospher�c aerosol content was 

undertaken.  S�x solar UV-B photometers were developed and 

fabr�cated for establ�sh�ng a cha�n of stat�ons to measure the 

solar UV-B rad�at�on at New Delh�, Pune, Jodhpur, Sh�llong, 

Walta�r, Mysore and Th�ruvanantapuram.  These photometers 

could measure global solar rad�at�on �n four wavelength bands 

at 2�0, 2�0, 300 and 310 nm.  The measurement of d�rect 

rad�at�on prov�ded an est�mate of aerosol concentrat�on wh�le 

that of d�rect and d�ffuse rad�at�on gave the erythemal dose.  

The UV-B measurements also prov�ded an est�mate of total 

ozone.  These photometers are st�ll �n operat�on at several 

stat�ons �n Ind�a.  The UV-B �ntens�t�es and the Aerosol Opt�cal 

Depth (AOD) were measured cont�nuously and compared w�th 

those measured at � other stat�ons located throughout Ind�a. 

Ultraviolet rays are harmful to human beings and can result in cataract and skin disorders. UV-photometers were developed to record these radiations at 

several stations in India in the mid 1980s. These were also used to study changes in atmospheric ozone
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The establ�shment of the nat�onal UV-B network has been 

adjudged as one of the 60 ach�evements of the CSIR dur�ng �ts 

D�amond Jub�lee celebrat�ons. 

 The d�scovery of the ozone hole at Antarct�ca had made ozone 

mon�tor�ng as well as ozone chem�stry as �mportant areas of 

work. To study long term and short-term global trends, data 

obta�ned from satell�te measurements were analyzed.  UV-B 

photometers were used to der�ve the column ozone content. 

In add�t�on, data from rad�osondes were also analyzed to look 

for any long-term trend over Ind�a. To supplement the UV-B 

photometers der�ved column ozone content, ozone prof�les 

were also obta�ned by the Laser Heterodyne techn�que.  

However, s�nce both these techn�ques were sun dependent, 

a sun �ndependent (all weather) techn�que �n the form of mm-

wave rad�ometer was also developed and establ�shed.

        

S�nce one of the a�ms of the IMAP was to exam�ne the role 

of m�ddle atmosphere �n determ�n�ng the cl�mate and cl�mat�c 

change, several balloon fl�ghts were undertaken to measure 

the pos�t�ve and negat�ve �on conduct�v�t�es and dens�t�es.  

The conduct�v�t�es could play an �mportant role �n tr�gger�ng 

processes that could affect cl�mate and weather.  Another 

�mportant contr�but�on from the NPL to the IMAP was the 

construct�on of f�rst order reference model of m�nor const�tuents 

�n the m�ddle atmosphere over Ind�a.  The prof�les of these 

const�tuents were based upon exper�mental data from a w�de 

var�ety of sources and �ncluded O, CO2, O3, H2O, CH�, N2O, 

NO, CFC-11, CFC-12, ClO and OH concentrat�ons for day 

and n�ght hours. Th�s �s perhaps the only model ava�lable for 

study�ng the m�ddle atmospher�c chem�stry over the Ind�an 

subcont�nent. The a�ms of MAP/IMAP were rather amb�t�ous. 

These are, therefore, st�ll be�ng pursued and are �n the front�er 

area of atmospher�c sc�ence, part�cularly concern�ng the role 

of m�ddle atmosphere �n cl�mate change.  

For studying middle atmospheric chemistry, a reference model for minor constituents was developed in the laboratory based on measurements made in 

India during IMAP. This is the only model available for tropical latitudes

PROFILES OF IMPORTANT MINOR SPECIES OBTAINED DURING IMAP
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6.3 Antarctic Atmosphere

One of the �mportant programmes at the NPL has been the study 

of the Antarct�c env�ronment w�th a large number of rad�o, acoust�c 

and opt�cal techn�ques and the rad�o sc�ence researchers have 

part�c�pated nearly �n all the exped�t�ons, start�ng w�th the very 

f�rst one �n 1��1-�2. After the 3rd exped�t�on, emphas�s changed 

from �onospher�c exper�ments to sc�ence related to atmospher�c 

processes �nvolved �n the dynam�cs of the boundary layer, 

ozone, UV-B, aerosols and GHGs over Antarct�ca. The Very Low 

Frequency (VLF) exper�ment �n the very f�rst exped�t�on showed that 

the 12.� KHz s�gnals from Omega stat�on of Argent�na, located at a 

d�stance of ��3� km, could be eas�ly detected at Daksh�n Gangotr�, 

the f�rst Ind�an stat�on at Antarct�ca. R�ometers at 20, 2� and 30 

MHz detected the effect of proton flares on the Sun �n the form of  

enhanced cosm�c rad�o no�se absorpt�on, thereby prov�d�ng an 

excellent techn�que to study the sun-earth relat�onsh�p.

For explor�ng the boundary layer, a sodar was set up, wh�ch was 

�n operat�on dur�ng 1��1-1��6. A � m �nstrumented tower was 

also �nstalled at the Ma�tr� stat�on �n 1��� to study the heat and 

momentum fluxes.  In 1��2, a 2� m tower was �nstalled for the 

same purpose w�th sensors at four levels namely 1.�, �.�, 11.3 

and 2� m from the ground. The sodar measurements show that, 

dur�ng the local summer, convect�on or thermal plumes, wh�ch 

or�g�nate due to the local heat�ng of the rocky and dry surface, 

dom�nate the dayt�me.  In the even�ng, the rocky areas cool and 

the plumes d�m�n�sh and thermal �nvers�on starts preva�l�ng.  

Katabat�c flows -- w�nds down topograph�c �ncl�nes -- also start 

dur�ng the even�ng, wh�ch cont�nue dur�ng the n�ght. 

The work on the boundary layer led to the transfer of the 

f�rst Antarct�c technology (PC based monostat�c sodar for 

Antarct�ca) to an Ind�an Industry, �n the year 1��3. The Laser 

To study long-term changes in Antarctic environment, NPL installed several experiments at the Indian Antarctic station, Maitri. Photograph shows (a) 

Monostatic acoustic sounder and 28 m tower mounted at Maitri and (b) Laser Heterodyne System mounted inside the laboratory

a

b
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Heterodyne System (LHS) us�ng a 1 GHz acoust�c-opt�c 

spectrometer as back-end, des�gned and developed at the 

NPL, was successfully operated at Antarct�ca dur�ng the 13th, 

1�th and 16th exped�t�ons.  A m�ll�metre wave rad�o spectrometer 

was also �nstalled at Ma�tr�, Antarct�ca, to mon�tor he�ght 

prof�les of ozone on a cont�nuous bas�s under all weather 

cond�t�ons.  Both LHS and mm wave rad�o spectrometer were 

rather d�ff�cult exper�ments �n terms of the�r transportat�on to 

Antarct�ca and the�r operat�on there. They were brought back 

after a few successful exped�t�ons.  

At Ma�tr�, ozone concentrat�on up to 320 Dobson un�ts has 

been observed dur�ng the months of January and February.  

But the concentrat�on goes qu�te low �n October, the per�od 

of ozone hole.  As a result, the UV-B rad�at�on reach�ng the 

ground �ncreases. To measure the UV-B at Antarct�ca, a UV 

b�ometer has been �nstalled, wh�ch mon�tors the erythemal 

dose – a measure of solar rad�at�on wh�ch could �nduct sunburn 

�n human body -- �n add�t�on to phytoplankton mortal�ty, 

suppress�on of photosynthes�s to m�nute plants, thym�ne 

d�mmers, sk�n elastos�s etc. Th�s measurement, along w�th 

AOD measurements, has been go�ng on s�nce 1���-�6 and 

has prov�ded a t�me ser�es on UV-B and AOD. 

Between 2002 and 200� another �mportant programme on the 

measurement of GHGs at Antarct�ca was undertaken. Surface 

CO2 and CH� were measured by us�ng gas chromatograph at 

Ma�tr�. S�multaneously CO gas analyzer was used for cont�nuous 

measurement of CO concentrat�on. These measurements 

reveal that the level of CO2 concentrat�on �n the atmosphere �s 

�ncreas�ng, though CH� concentrat�on has rema�ned the same.  

The day-to-day var�at�on �n CO2 and CH� are found to be rather 

small thereby �llustrat�ng that the a�r at Ma�tr� �s well m�xed.  

However, CO concentrat�on at Ma�tr� shows large day-to-day 

Dr H N Dutta of the NPL was chosen to represent India’s scientific endeavors in Antarctica on the DOD’s tableau named “Antarctica” which formed part of 

National Republic Day parade at Rajpath on January 26, 1999
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var�at�ons and �s found to be strongly correlated to changes 

�n solar rad�at�on. Antarct�c research, �n wh�ch the NPL’s rad�o 

sc�ence act�v�t�es played a lead�ng role, was also adjudged 

as one of the s�xty ach�evements of the CSIR �n �ts D�amond 

Jub�lee celebrat�ons. 

 7.  MAJOR EXPERIMENTAL INITIATIVES 

 

From the m�d-1��0s �nto the 1��0s, major d�vers�f�cat�on of 

research �n rad�o sc�ences took place at the NPL to match 

the �nternat�onal trends and several new programmes were 

undertaken. These are �nd�cated below.

 
7.1 Global Change

The f�rst UN Conference on Human Env�ronment �n 1�72, 

followed by the Brundtland Comm�ss�on of 1��7, had po�nted 

out that human act�v�t�es on the Earth’s env�ronment could lead, 

over a t�me per�od of 60 to 100 years, to major global changes 

such as global warm�ng, sea level r�se, ozone deplet�on and 

major sh�fts �n the cl�mate pattern.  The Internat�onal Counc�l 

for Sc�ence (ICSU), recogn�z�ng the urgent need for a sc�ent�f�c 

understand�ng of the underly�ng �nteract�ve processes 

connect�ng the geospace and b�ospace, �n�t�ated a long 

term sc�ent�f�c endeavour called the Internat�onal Geosphere-

B�osphere Programme (IGBP) --  A Study of Global Change.  

The Intergovernmental Panel on Cl�mate Change (IPCC) 

�dent�f�ed the IGBP as a major research programme and, �n 

Ind�a, the NPL was among the f�rst to �n�t�ate a project under 

the IGBP way back �n 1���. The IGBP-related work was 

ma�nly concerned w�th the reg�onal and global atmospher�c 

env�ronment. 

The two major features of global scale atmospher�c changes 

are global warm�ng and ozone deplet�on. As �s now well 

establ�shed, ozone deplet�on �s caused by em�ss�ons of 

CFCs from refr�gerat�on, a�r cond�t�on�ng and aerosol sprays, 

wh�le global warm�ng �s l�nked to exponent�ally �ncreas�ng 

concentrat�ons of GHGs l�ke CO2, CH� and N2O �n the Earth’s 

atmosphere. Increas�ng levels of part�culate aerosol �n the 

atmosphere on the other hand, though a potent�al health 

hazard, can contr�bute to global cool�ng by cutt�ng down 

solar rad�at�on.  Exper�ments started �n the Laboratory dur�ng 

the IMAP, cons�st�ng of the UV-B mon�tor�ng, ozone prof�l�ng 

and aerosol measurements w�th mult�-wavelength rad�ometer 

(MWR), became a part of the IGBP programme at the NPL. In 

add�t�on, there were two very �mportant efforts started dur�ng 

the early 1��0s, one was the methane efflux measurements 

from r�ce f�elds and the other was the preparat�on of nat�onal 

�nventory on GHGs, the�r sources and s�nks -- a nat�onal 

comm�tment under the Un�ted Nat�ons Framework Convent�on 

on Cl�mate Change (UNFCCC).

For est�mat�ng the CH� efflux rates from paddy f�elds, an 

organ�zed measurement campa�gn was started �n the year 

1��0 �nvolv�ng var�ous organ�zat�ons from d�fferent parts of 

the country. Th�s campa�gn made h�story when measurements 

showed lower CH� em�ss�ons rang�ng from � to 6 Tg yr -1, 

nearly a tenth of 37 Tg yr -1 attr�buted to Ind�a by a US-EPA 

study and used �n the 1��0 IPCC report.  Later, more deta�led 

measurements taken over much longer per�ods and cover�ng 

more areas brought these em�ss�ons down to 3.7 Tg yr -1.  The 

CSIR has quoted th�s as one of the most s�gn�f�cant ach�evements 

by any CSIR laboratory.

The pr�me mov�ng force beh�nd the project on Global Change 

was Dr. M�tra who made �t the b�ggest fund generat�ng project, 

not only from domest�c fund�ng agenc�es l�ke the DST, the ISRO, 

the CSIR and the M�n�stry of Env�ronment and Forests (MoEF) 

but also from fore�gn fund�ng agenc�es l�ke START (ICSU’s 

System for Analys�s Research and Tra�n�ng), ALGAS (funded 

by the As�an Development Bank), the As�a Pac�f�c Network 

Estimate of methane gas emission from various sectors in India
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(APN) and several others. Dr. M�tra also establ�shed the CSIR 

Centre on Global Change at the NPL.  The Centre houses the 

Reg�onal Research Centre for the South As�an countr�es.  It 

also has a data centre on atmospher�c const�tuents relevant to 

global change research.  

Under the UNFCCC, the member countr�es are obl�gated 

to prepare an �nventory on GHGs, the�r sources and s�nks 

per�od�cally.  The MoEF had entrusted the CSIR/NPL Centre 

on Global Change w�th th�s respons�b�l�ty. Th�s �nventory �s 

prepared �n assoc�at�on w�th other s�ster laborator�es of the 

CSIR cover�ng all the reg�ons of Ind�a and cover�ng var�ous 

sectors �nclud�ng energy, �ndustry, agr�culture, land-use 

change and mun�c�pal waste.

  

In add�t�on to the preparat�on of nat�onal �nventory on the major 

GHGs, a f�rst order “reference greenhouse env�ronment” has 

been prepared by the NPL. The const�tuents �ncluded �n the 

env�ronment are: aerosols, water vapour, ozone, CFCs, n�trous 

ox�de, n�tr�c ox�de and methane.  For theoret�cal models 

deal�ng w�th global change, exact values of these const�tuents 

are needed for calculat�ng long-term changes �n the surface 

temperature.  These models were also used to study theoret�cally 

the long-term changes �n the mesosphere and �onosphere due 

to anthropogen�c �ncrease �n CO2 and CH�.  Ionospher�c data 

recorded over the last �0 to �0 years were also used to look for 

long-term changes �n the upper �onosphere.  

Because of the�r negat�ve rad�at�ve forc�ng, aerosols have ga�ned 

major �mportance �n the area of cl�mate changes – reg�onal as 

well as global. For th�s purpose a mult�-wavelength rad�ometer 

(MWR) has been �n operat�on at the NPL s�nce 1��7.  The MWR 

measures solar rad�at�on at �00, �00, ��0, 700, 7�0, �00, �3� 

and 102� nm wavelengths, cover�ng the reg�on from v�s�ble 

to near �nfrared, us�ng �nterference f�lters.  Th�s �nstrument 

prov�des the opt�cal depth at d�fferent wavelengths to est�mate 

aerosol s�ze and number dens�ty �n the atmosphere.

  

Methane is a greenhouse gas and has a very high warming potential. An inventory of its emissions is required to be undertaken by each country. In India, 

enteric fermentation is the highest contributor to methan emissions, the next is emissions from rice fields
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Tropospher�c ozone �s a greenhouse gas.  Wh�le one can get 

�ts snap shot measurements by ozonesondes on rockets and 

balloons, one needs ground-based techn�ques to mon�tor �t 

cont�nuously.  S�nce surface ozone �s cons�dered to be a good 

�nd�cator of tropospher�c ozone, a UV-based ozone analyzer 

was set up �n 1��7 to measure surface ozone.  In urban/polluted 

s�tes, surface ozone �s an excellent tool for �nd�rectly est�mat�ng 

the role of anthropogen�c em�ss�ons of pollutant trace gases 

�nto the atmosphere.   

7.2 MST Radar

The Ind�an MST Radar, known as Nat�onal MST Radar Fac�l�ty 

(NMRF), �s located at Gadank� (13.�� 0N, 7�.1� 0E) �n Andhra 

Pradesh, a trop�cal stat�on �n Ind�a. The ISRO, �n collaborat�on 

w�th the CSIR, the Department of Electron�cs (now the 

M�n�stry of Commun�cat�ons and Informat�on Technology), 

the Department of Env�ronment (now the MoEF), the Defence 

Research and Development Organ�sat�on (DRDO) and the 

Department of Sc�ence and Technology (DST), had set up th�s 

fac�l�ty. At present the NMRF �s be�ng operated and managed 

by the ISRO.

The concept of Ind�an MST Radar evolved from the Ind�an 

m�ddle atmosphere programme (IMAP). The sc�ent�sts 

gu�d�ng the IMAP programme v�sual�zed the necess�ty of a 

major fac�l�ty l�ke the MST Radar to understand (a) the role of 

lower atmosphere �n m�ddle atmosphere processes and (b) 

character�st�cs of atmospher�c waves of var�ous per�od�c�t�es 

generated �n lower atmosphere and propagat�ng upwards �n 

to the m�ddle atmosphere. The NPL took �n�t�at�ve from the 

conceptual stage and �nteracted w�th the s�x departments of 

the Government to make a major project l�ke the MST Radar 

feas�ble.  The NPL deputed one of �ts sc�ent�sts to the ISRO to 

support the sc�ent�f�c val�dat�on and operat�onal�zat�on of the 

MST Radar, who subsequently led the NMRF.

The MST radar has been used extens�vely by NPL’s rad�o 

and atmospher�c sc�ent�sts r�ght from �ts beg�nn�ng �n 1��2. 

Early on �t was used for stud�es deal�ng w�th the tropopause, 

stable layers �n the lower atmosphere, zonal, mer�d�onal 

and vert�cal components of w�nd veloc�ty and short per�od 

waves. Subsequent to �ts upgrad�ng �n 1���, some �mportant 

exper�ments, as �nd�cated below, were carr�ed out. The results 

were the f�rst from a low lat�tude stat�on.

• Stratosphere-troposphere ozone exchange; 

• E-reg�on f�eld al�gned �rregular�t�es and the quas�per�od�c  

 echoes; 

• The K-H �nstab�l�ty detect�on �n the lower atmosphere; 

• Ev�dence of K-H b�llows �n the lower thermosphere; and, 

• Observat�ons of 1�0 km echoes.

7.3 SROSS Satellite Studies

Measur�ng �onospher�c parameters us�ng rocket and balloon 

borne payloads has �ts own l�m�tat�ons �n terms of temporal 

and spat�al coverage. Thus w�th the �nd�genous development 

of satell�tes and satell�te launch veh�cles, the NPL took the 

challenge to develop payloads for the SROSS ser�es of 

satell�tes dur�ng 1��2 and 1��� for the study of dynam�cs 

of the equator�al and low lat�tudes over the Ind�an long�tude 

reg�on.  The payload was a Retard�ng Potent�al Analyzer (RPA) 

(w�th an electron sensor, an �on sensor and a potent�al probe). 

It was launched by ASLV- D� rocket of the ISRO on May �, 

1���, from the Sat�sh Dhawan Space Centre, Sr�har�kota. The 

satell�te was placed �n a low earth 6�0 km x ��0 km orb�t and 

was �ncl�ned at �6O to the equator�al plane. 

The RPA prov�ded data on electron and �on temperatures (Te & 

T�), �on dens�ty (N�), �on compos�t�on (O+, O2
+, H+, He+ and also 

heavy �ons l�ke Fe+, Mn+, Ca+) dur�ng meteor shower events, 

�rregular�t�es �n the �on dens�ty along the path of the satell�te 

and suprathemal electron flux. In a project sponsored by the 

ISRO, the huge amount of data over �000 orb�ts cover�ng a 

Surface ozone is a pollutant harmful to human beings. It is also an indicator 
of tropospheric ozone, which can contribute to global warming. Surface 

ozone is being monitored at NPL since 1997. Daily maximum values 
observed at NPL are shown. Horizontal line shows the “ambient air quality 

standard” for ozone defined by WHO

Daily Maximum Surface Ozone at NPL, New Delhi During 1997-2004
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lat�tud�nal belt of � 0S to 3� 0N and long�tudes extend�ng 

from 60 0E to 100 0E at d�fferent hours of the day were 

analysed �n collaborat�on w�th the un�vers�t�es of Andhra, 

Benaras, Calcutta, D�brugarh, Kerala, Osman�a, Roorkee 

and Saurashtra us�ng the software developed at the NPL. 

 

7.4 INDOEX

To understand the dynam�cs and role of the Inter-Trop�cal 

Convergence Zone (ITCZ), an �nternat�onal programme called 

the Ind�an Ocean Exper�ment (INDOEX) was launched.  Th�s 

was an �nternat�onal exper�ment planned w�th the part�c�pat�on 

of var�ous agenc�es from Ind�a, France, Germany, the 

Netherlands, Sweden and the USA. The Ind�an part�c�pat�on 

was �n the nature of a mult�-�nst�tut�onal nat�onal programme 

sponsored by the Department of Space (DOS), the Department 

of Ocean Development (DOD), the CSIR, the DST, the DOE 

and the Un�vers�ty Grants Comm�ss�on (UGC), w�th the DOS 

as the nodal agency. The ma�n a�m of th�s programme was to 

study �n deta�l the aerosols, clouds, chem�stry and cl�mate w�th 

three d�st�nct object�ves:

• To assess the s�gn�f�cance of sulphates and other   

 cont�nental aerosols for global rad�at�ve forc�ng; 

• To measure the magn�tude of solar absorpt�on at   

 the surface and �n the troposphere �nclud�ng the ITCZ  

 cloud systems; and,

• To determ�ne the role of the ITCZ �n the transport of trace  

 spec�es and pollutants and the�r resultant rad�at�ve forc�ng.

The NPL played a key role �n the whole programme as the 

nodal organ�zat�on for plann�ng, coord�nat�on and execut�on 

of log�st�cs at the nat�onal and �nternat�onal levels. Dr. M�tra 

was the cha�rman of the Nat�onal Sc�ent�f�c Comm�ttee and the 

Ind�an Pr�nc�pal Invest�gator.

One of the ma�n f�nd�ngs of INDOEX was the presence of a 

th�ck extens�ve haze layer extend�ng over some ten m�ll�on 

square k�lometers over the Northern Ind�an Ocean, wh�ch 

may well be due to transcont�nental a�r pollut�on. The haze 

(mostly anthropogen�c �n or�g�n) conta�ned soot �nclud�ng 

black carbon cluster, sulphates, n�trates, organ�c part�cles, fly 

ash and m�neral dust. Follow�ng th�s f�nd�ng, an �nternat�onal 

programme called the Atmospher�c Brown Cloud, supported 

by the Un�ted Nat�ons Env�ronment Programme (UNEP) has 

been launched. Ind�a �s also part�c�pat�ng �n �t. The MoEF �s 

the nodal agency w�th all the coord�nat�on and �mplementat�on 

entrusted to the NPL.

7.5 Free Air Carbon Dioxide Enrichment 
(FACE)

The ent�re Ind�an economy �s based on the agr�culture output, 

wh�ch �s bound to change w�th the CO2 enhancement �n the 

atmosphere �n the com�ng years (from present 37� ppm to 

an est�mated �60 ppm by 20�0).  CO2 concentrat�on �n the 

atmosphere �s expected to affect the carbon balance �n the 

b�osphere and photosynthet�c carbon ass�m�lat�on �n plants, 

The ionospheric experiment, Retarding Potential Analyzer (RPA), was 

flown on SROSS C2 satellite in 1994 to measure several parameters, like 

electron and ion temperatures, ion densities, super thermal electron flux. 

These measurements were used by several universities for ionospheric 

research. RPA fitted in the SROSS satellite is shown during its test at ISRO 

Centre ISAC, Bangalore

To understand the dynamics and role of Interior Tropical Convergence 

Zone, an international programme INDOEX was launched in 1997. Several 

research ships were employed to carry out measurements over the ocean. 

This programme was coordinated by NPL



12�

thereby affect�ng agr�cultural product�v�ty. W�th th�s CO2 

enhancement, some of the plants are expected to grow faster 

but some may not respond pos�t�vely. Moreover, the y�eld 

of var�ous agr�cultural products (gra�ns, fru�ts, vegetables, 

fodder etc.) has to be assessed for crop management and 

food secur�ty �n the country. The effect of CO2 enr�chment �s 

be�ng stud�ed worldw�de on crops, forests, an�mals etc. us�ng 

a var�ety of CO2 enhancement fac�l�t�es. 

The f�rst med�um s�ze FACE fac�l�ty was developed at the NPL 

and �nstalled �n the f�elds of IARI, New Delh�, for study�ng 

the response of crops under elevated level of CO2 �n open 

f�elds. W�th th�s development, Ind�a became a member of 

the �nternat�onal network of FACE fac�l�t�es and becomes the 

second nat�on �n As�a to have such a fac�l�ty after Japan. The 

des�gn of FACE systems �s generally based on the pr�nc�ple 

of �nject�ng add�t�onal CO2 gas �n open f�elds su�tably so as 

to atta�n and ma�nta�n a predeterm�ned elevated level of CO2 

concentrat�on w�th un�form d�str�but�on �n the f�elds under the 

vary�ng meteorolog�cal cond�t�ons of w�nd, temperature and 

hum�d�ty. The above fac�l�ty became operat�onal �n the year 

2000 and �s open to use by the agr�cultural sc�ent�f�c commun�ty 

of As�a. Exper�ments on several var�et�es of r�ce and brass�ca 

have been done w�th s�gn�f�cant results. 

 8.  NEW MILLENNIUM PROGRAMMES

8.1 CSIR Network Projects

A number of m�ss�on mode mult�-laboratory projects called ‘CSIR 

Network Projects’, to address common R&D object�ves and 

del�ver h�gh �mpact products of nat�onal �mportance �n a t�me 

bound manner, have been launched by the CSIR. The NPL �s 

part�c�pat�ng �n 12 such mult�-laboratory projects dur�ng 10th Plan 

Per�od (2002-07). Of these, the follow�ng three are �n the area of 

rad�o and atmospher�c sc�ences for wh�ch the Nat�onal Aerospace 

Laboratory (NAL), the Nat�onal Inst�tute of Oceanography (NIO) 

and the Nat�onal Env�ronmental Eng�neer�ng Research Inst�tute 

(NEERI) are, respect�vely, the lead laborator�es. The project led 

by the NAL �s ‘H�gh Sc�ence and Technology Development for 

Nat�onal Aerospace Programme’ to wh�ch the NPL’s rad�o and 

atmospher�c sc�ence act�v�ty w�ll contr�bute by sett�ng up d�g�tal 

Enhancement of CO2 in the atmosphere can effect the agriculture output. An automatic facility to enhance CO2 in the open air was developed by NPL in 

2000 and installed at IARI campus , New Delhi, to study response of crops to elevated levels of CO2
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�onosonde stat�ons (one �s already operat�onal at the NPL) at 

several places and a network of GPS/Tomograph�c rece�vers. 

Us�ng these, �mproved reference �onospher�c parameters over 

the Ind�an reg�on w�ll be generated thus enabl�ng better pos�t�on 

f�x�ng exerc�ses for aerospace appl�cat�ons.  

The second network project led by the NEERI �s t�tled ‘Pollut�on 

Mon�tor�ng M�t�gat�on and Dev�ces’. Polymer�c th�n f�lm sensors 

based compact and �nexpens�ve dev�ces w�ll be developed by 

the NPL for the detect�on of tox�c gases �n amb�ent a�r, such as 

ozone, CO, NOx, SOx and HCl.  The NPL w�ll also develop the 

system for d�g�t�z�ng of the sensor output and the assoc�ated 

electron�cs and dev�ce packag�ng. The atmospher�c sc�ent�sts of 

the Laboratory w�ll also conduct a ser�es of sc�ent�f�c �nvest�gat�ons 

relat�ng to trends of concentrat�ons of a large number of m�nor 

const�tuents �nclud�ng atmospher�c pollutants, GHGs, surface 

ozone and precursor gases �n the lower atmosphere us�ng H�gh 

Resolut�on Open Path Four�er Transform Infrared Spectroscopy.  

A laboratory fac�l�ty w�ll be set up by the NPL to create smog 

under controlled cond�t�ons and to study �ts relat�onsh�p w�th 

var�ous atmospher�c control parameters �nclud�ng precursor 

gases from var�ous pollut�ng sources �n a c�ty l�ke Delh�.  

The th�rd network project �n wh�ch the NPL’s rad�o and  

atmospher�c sc�ence group �s �nvolved �s t�tled ‘Impact of 

anthropogen�c perturbances on oceanograph�c-atmospher�c 

processes �n and around Ind�a �n the context of global change’, 

wh�ch �s led by the NIO.  The NPL sc�ent�sts w�ll prov�de long-

term measurements of GHGs, aerosols and rad�at�ons and 

analyse them for short/long term trends, part�cularly the flow 

pattern of pollutants across land-ocean boundary. 

8.2 CAWSES

An �nternat�onal programme on Cl�mate and Weather of Sun 

Earth System (CAWSES) has been started by ICSU a few years 

ago to understand the Sun-Earth relat�onsh�p on a global scale 

and to assess the deleter�ous �mpact of solar d�sturbances on 

human act�v�t�es on the Earth as well as �n space. The ISRO 

started the CAWSES-Ind�a program �n wh�ch all space sc�ence 

laborator�es, �nclud�ng that of the NPL, and some un�vers�t�es 

are part�c�pat�ng.  

8.3 CRABEX - Ionospheric Tomography

Ionospher�c Tomography �s an advanced techn�que by 

wh�ch real t�me �onospher�c parameters are modeled over a 

large area. Th�s programme has been undertaken only by a 

few countr�es and, �n Ind�a, a nat�onal tomography program 

called the Coord�nated Rad�o Beacon Exper�ment (CRABEX) 

was �n�t�ated by the ISRO �n wh�ch a cha�n of 12 tomograph�c 

rece�vers along a common mer�d�an are establ�shed to 

measure lat�tud�nal var�at�on of TEC over the country. The 

TEC data �s converted by an �nvers�on techn�que �nto a real 

t�me �onospher�c electron dens�ty prof�les. The NPL �s a major 

partner �n th�s effort.

 

8.4 Fog Processes

On an �nv�tat�on by, and �n collaborat�on w�th, the Central 

Pollut�on Control Board (CPCB), New Delh�, the NPL started 

a very comprehens�ve mon�tor�ng of the w�nter fog processes 

�n Delh� w�th a v�ew to understand the manner �n wh�ch the 

natural fog processes prevalent �n rural and per�-urban reg�ons 

may be altered by add�t�onal pollut�on loads due to a mega 

c�ty. All ava�lable theoret�cal and exper�mental expert�se and 

�nstruments have been put to use, �nclud�ng tethered balloon 

exper�ments, a mult�-therm�ster array, �nd�genously developed 

techn�ques for automat�c fog detect�on, methods to assess 

l�qu�d water content of fog, analysers of trace gases, aerosol 

and rad�at�on, planetary boundary layer mon�tor�ng, analys�ng 

s�gnals from da�ly synopt�c meteorology data, neural network 

and other emp�r�cal model�ng tools. An add�t�onal �nvers�on 

Ionosperic total electron content (TEC) is an important parameter for space 

communication. Output of the NPL-TEC model developed as part of the 

RWC activity is shown. This model is available on the RWC-NPL website
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layer formed w�th�n 100 m above the ground �s seen to be 

play�ng �mportant role �n tr�gger�ng dense fog ep�sodes. 

An MoU has been s�gned w�th the Centre for Mathemat�cal 

Modell�ng and Computer S�mulat�on (C-MMACS), Bangalore. 

Under the MoU, the latter w�ll be prov�ded fog related data 

over the next three years to val�date the�r newly developed 

fog pred�ct�on model.

 

8.5 Sensors for Global Electric Circuit

An MoU has been s�gned between the NPL and the Ind�an 

Inst�tute of Geomagnet�sm (IIG), Mumba�, to develop sensors 

for measur�ng the AC and DC components of the Global Electr�c 

C�rcu�t (GEC). The GEC �s the �ntegral electr�cal system formed 

by the Earth, the �onsophere and the atmosphere. Pursuant to 

the MOU the Laboratory has developed a 1� cm d�ameter Ball 

Antenna sensor for Maxwell current measurement and a 30 

cm d�ameter Ball Antenna sensor for measur�ng the vert�cal 

electr�c f�eld of the Schumann Resonance (the sp�kes �n the 

very low frequency component of the Earth’s electromagnet�c 

f�eld) and the related measurement electron�cs. These sens�ng 

dev�ces are planned to be deployed at several locat�ons �n the 

country by the IIG after f�eld tests.   

8.6 Aerosol-Radiation Interaction

Aerosols and rad�at�on are be�ng measured s�nce the early 

1��0s, by us�ng Sun photometers and pyranometers. Important 

results have been reported dur�ng dust storms over Delh� 

and other f�eld campa�gns throughout the country, �nclud�ng 

the h�ghest alt�tude stat�on, Hanle, �n the western H�malayas 

and over the central H�malayas.  In the ISRO-GBP campa�gn, 

the spectral var�at�on of the Aerosol Opt�cal Depth (AOD) 

and the correspond�ng retr�eval of aerosol s�ze d�str�but�on 

were �nvest�gated. In add�t�on, theoret�cal stud�es were also 

performed on the transport of Saharan dust towards the Ind�an 

subcont�nent and the model�ng stud�es for aerosol rad�at�on 

forc�ng have been carr�ed out.

 9.  FUTURE VISION

W�th �0 years of exper�ence and expert�se, and w�th the 

chang�ng �nternat�onal technolog�cal and soc�al scenar�o, 

the focus of rad�o and atmospher�c sc�ences act�v�ty at the 

NPL �s today sh�ft�ng towards ut�l�z�ng the knowledge of the 

atmosphere for unmanned terrestr�al and space appl�cat�ons, 

soph�st�cated and m�n�atur�zed commun�cat�on systems, 

nav�gat�onal and command systems, atmospher�c and 

rad�at�on metrology, global change and �ts �mpact on human 

d�mens�ons. Appl�cat�on of atmospher�c sc�ence �n earthquake 

precursor detect�on w�ll also be a major area of work �n the 

future.

Experimental setup for measuring AC and DC components of the Global 

Electric Circuit (GEC) formed by the Earth, the ionosphere and the 

atmosphere in the study of ionospheric dynamics
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INFRASTRUCTURE

 

 

The Laboratory has set up a Central Computer Fac�l�ty 

(CCF) to enable theoret�cal model�ng, emp�r�cal model�ng, 

computer a�ded des�gn, data process�ng and stat�st�cal 

analyses as well as to prov�de access to the �nternet. It 

has a campus LAN w�th over ��0 nodes, connected to 

the �nternet w�th 2 Mbps rad�o-l�nk.  The campus-LAN �s 

supported on L�nux platform, a standard and robust open 

source operat�ng system known for �ts �nteroperab�l�ty 

features. The CCF has s�nce developed expert�se �n 

automat�on and �nstrumentat�on and networked comput�ng 

env�ronments. It �s also �nvolved �n software development 

and theoret�cal and computer s�mulat�on stud�es. 

The Laboratory started bu�ld�ng up �ts comput�ng 

�nfrastructure as early as 1���, w�th the �nstallat�on of a 

small Zen�th SC computer system. In 1��6, �t expanded the 

fac�l�ty �n a b�g way by acqu�r�ng a ma�nframe VAX 11/7�0 

w�th s�xteen term�nals. G�ven the fast pace of development 

�n computer technolog�es, as well as the grow�ng demands 

of the Laboratory on comput�ng resources, the VAX 11/7�0 

was replaced w�th an HP Apollo RISC workstat�on �n 1��3. 

CENTRAL COMPUTER FACILITY

A view of the central computer facility
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Th�s resulted �n an enhancement �n the comput�ng power 

by two orders of magn�tude. Bes�des, a bas�c networked 

env�ronment was set up and an e-ma�l fac�l�ty started. These 

led to operat�onal conven�ence as well as cost-effect�ve 

and eff�c�ent comput�ng env�ronment. Around that t�me, 

the L�nux operat�ng system, an open source platform, was 

launched the world over and the CCF started develop�ng 

expert�se �n work�ng w�th L�nux.

A major programme �n upgrad�ng the �nformat�on 

technology �nfrastructure was taken up �n 1��7 and, w�th�n 

a couple of years, the Laboratory was able to set up a 

campus LAN and a VSAT based 12� Kbps �nternet l�nk 

w�th the Nat�onal Informat�cs Centre (NIC) of the M�n�stry 

of Commun�cat�ons and Informat�on Technology (MCIT). 

Var�ous servers, �nclud�ng �ntranet and ma�l servers, were 

conf�gured us�ng L�nux. Later, the Laboratory transferred 

�ts webs�te from the server of the Federat�on of Ind�an 

Chambers of Commerce and Industry (FICCI) to �ts own 

web server �n the CCF �n 200�. By now, the usage of IT 

serv�ces, fac�l�t�es and �nfrastructure �n the Laboratory had 

grown greatly. To cope w�th the emerg�ng requ�rements, 

the campus LAN was further expanded to over ��0 nodes, 

and �ts bandw�dth enhanced to 2 Mbps rad�o l�nk w�th the 

Educat�on and Research Network (ERNET) of the MCIT as 

the serv�ce prov�der �n place of the NIC. Further revamp�ng 

of the CCF under the CSIR Informat�on and Commun�cat�on 

Technology (ICT) project �s currently underway. It �s 

proposed to prov�de one personal computer on each 

desktop under th�s project.

Bes�des prov�d�ng central�zed comput�ng fac�l�t�es and 

regular consultat�on �n-house, the CCF has been prov�d�ng 

consultancy serv�ces to external cl�ents and tra�n�ng 

students as well. A number of students from �nst�tut�ons 

such as the IITs, the BITS- P�lan�, the NSIT and the Delh� 

College of the Eng�neer�ng (DCE), pursu�ng undergraduate 

and post-graduate courses �n computer sc�ence and 

electron�cs and commun�cat�on, have been mak�ng use of 

the CCF for research and project work.

 

The l�brary at the NPL �s a major resource house for knowledge 

and �nformat�on �n phys�cs and related sc�ences, offer�ng onl�ne 

access to over 3300 electron�c journals and full-text databases 

and phys�cal access to over 1,30,000 volumes (as on 1.�.2006) 

�n pr�nt, compr�s�ng books (��,000), journals and per�od�cals 

(6�,000), subscr�bed journals (��), standards, reports, etc. 

Establ�shed �n 1��0, th�s centre of nat�onal �mportance has 

taken all efforts to prov�de �nformat�on support to sc�ent�sts �n 

the�r research work. The l�brary �s housed �n the ma�n bu�ld�ng 

of the NPL, occupy�ng a floor area of 1��0 m2 spread over 

three floors. H�stor�cally, the Laboratory has also been w�tness 

to the �ncept�on of the Nat�onal Sc�ence L�brary of the Ind�an 

Nat�onal Sc�ent�f�c Documentat�on Centre (INSDOC), wh�ch 

was earl�er housed �n the prem�ses of the NPL l�brary.

 

Collection Development Policy 

The growth and development of the l�brary collect�ons �n the 

NPL l�brary �s gu�ded by �ts collect�on development pol�cy. 

Electron�c publ�sh�ng, wh�ch ushered a new era �n �nformat�on 

commun�cat�on and d�ssem�nat�on, has s�nce led to fac�l�tat�ng 

the sc�ent�sts’ v�rtual access to publ�shed l�terature �n sc�ence 

and technology.  Accord�ngly, changes �n the collect�on 

development pol�cy were �ncorporated for the l�brary to become 

a lead�ng v�rtual l�brary. 

Transition from Holdings Library to Virtual Library

In�t�ally, the l�brary was planned and developed as a hold�ngs 

l�brary w�th the a�m of meet�ng the total �nformat�on needs of 

the sc�ent�sts from the resources held �n-house. W�th the onset 

of electron�c publ�sh�ng �n the late 1��0s, there was a move 

from pr�nt resources to e-journals and e-databases �n the 

l�brary’s collect�on development pol�cy. Accord�ngly, the bas�c 

ph�losophy changed from ma�nta�n�ng the hold�ngs character 

of the l�brary to develop�ng �t �n the m�xed mode. S�nce the 

e-resources res�de on the server s�tes of the publ�shers, the 

l�brary has conf�gured the web server for onl�ne access to 

these e-resources.

THE LIBRARY
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Consortium Access to e-Resources

Though the l�brary has come to develop a r�ch and s�zeable 

collect�on of volumes, �ts acqu�s�t�ons rate has decl�ned 

gradually from 1��0. The b�ggest challenge before the 

l�brary had so far been how to ma�nta�n access to global 

resources �n the face of grow�ng f�nanc�al constra�nts. Most 

l�brar�es �n the CSIR system have been faced w�th s�m�lar 

problems. To overcome the s�tuat�on, the CSIR formed an 

e-Journals Consort�um wh�ch became operat�onal �n 2002. 

Th�s development was the outcome of the �n�t�at�ve taken 

by the heads of the CSIR l�brar�es and �nformat�on centres. 

The NPL l�brary, along w�th the other lead�ng l�brar�es of 

the CSIR laborator�es, had played a s�gn�f�cant role �n 

formulat�ng the act�on plan for the project and contr�buted 

a great deal �n �ts �mplementat�on phase.

Currently, close to over ��00 journals are ava�lable for 

onl�ne access v�a the �nternet under the Consort�um 

Programme. These are from 11 lead�ng publ�shers, such 

as Elsev�er Sc�ence, Spr�nger & Kluwer, the Amer�can 

Inst�tute of Phys�cs, Blackwell, John W�ley, the Amer�can 

Soc�ety of C�v�l Eng�neer�ng, the Amer�can Chem�cal 

Soc�ety, Cambr�dge Un�vers�ty Press, the Amer�can 

Soc�ety of Mechan�cal Eng�neers and the Royal Soc�ety of 

Chem�stry. The consort�um approach to e-resources has 

changed the character of l�brary’s hold�ngs, render�ng �t 

partly a v�rtual l�brary.

A view of the library
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Selective Dissemination of Information (SDI) and 

Bibliographic Services

The NPL l�brary started offer�ng SDI serv�ces to the NPL 

sc�ent�sts from 1�72 and cont�nued to offer such serv�ces 

unt�l �t started acqu�r�ng journals and databases �n e-

format. G�ven the exponent�al growth �n S&T l�terature, SDI 

serv�ces have been of great �mportance to the sc�ent�sts 

to keep themselves abreast w�th the latest developments. 

Bes�des, the l�brary has been offer�ng b�bl�ography 

serv�ces from t�me to t�me on var�ous subjects for g�v�ng 

the sc�ent�sts the state-of-the-art �nformat�on to support 

the�r research act�v�t�es.

Library Computerization

The l�brary has developed l�brary management software 

�n-house for computer�zed housekeep�ng operat�ons. The 

software development act�v�ty was started �n the beg�nn�ng 

of the 1��0s. It became operat�onal �n 1���. The l�brary 

has developed a catalogu�ng database and a database 

of papers from the Laboratory, wh�ch are now ava�lable 

for access on the NPL �ntranet. Spec�al�zed databases 

for prov�d�ng onl�ne access have also been developed. In 

add�t�on, the l�brary took the �n�t�at�ve �n 1��� to des�gn and 

develop the webs�te www.npl�nd�a.org of the Laboratory. 

The webs�te was launched on January �, 2000. The l�brary 

has been undertak�ng all operat�ons for s�te ma�ntenance 

and updat�ng �ts contents. Plans are now underway for a 

second generat�on webs�te offer�ng more dynam�c as well 

as v�rtual real�ty features.

 

The Central workshop has always been the backbone of 

the Laboratory prov�d�ng techn�cal support to the sc�ent�sts 

�n develop�ng prec�s�on components, dev�ces, equ�pment, 

mach�nes, assembl�es and sub-assembl�es, d�es and 

moulds, j�gs and f�xtures, etc. Establ�shed at the t�me of 

�ncept�on of the Laboratory �n 1��7, �t has s�nce set up 

un�que mach�ne shop fac�l�t�es for des�gn�ng, fabr�cat�ng, 

and assembl�ng components and dev�ces. In�t�ally, the 

workshop was equ�pped w�th all convent�onal tools that 

were needed for mach�n�ng operat�ons, such as m�ll�ng, 

turn�ng, weld�ng, gr�nd�ng, forg�ng and foundry. In the  

late 1��0s, the workshop was modern�zed by �nduct�ng 

state-of-the-art mach�ne tools such as CNC (Computer 

Numer�cal Control) m�ll�ng mach�ne, CNC lathe mach�ne 

and a var�ety of modern weld�ng equ�pment for the 

development of prec�s�on components, d�es and moulds, 

etc. Workshop modern�zat�on �s an ongo�ng process and 

plans are afoot to further equ�p �t w�th latest mach�ne 

tools for m�cro-mach�n�ng and h�gh-speed manufactur�ng 

us�ng �-ax�s CNC mach�n�ng centre. Over the years, the 

workshop has developed h�gh-end expert�se �n draw�ng 

and des�gn work as well as �n metalwork�ng. 

The workshop fac�l�t�es have been ut�l�zed by almost 

all d�v�s�ons/sect�ons of the Laboratory. Some notable 

projects that are currently be�ng executed, wh�ch �llustrate 

the workshop’s capab�l�t�es, �nclude: 

• dummy flanges to cover RF cable �mport �nto ultra  

 h�gh vacuum chamber;

• opt�cal laser sensor stands; 

• solar cell test�ng dev�ces;

• flow control valve gu�des; 

• h�gh pressure constant volume vacuum body   

 assembly;

• loop antenna for an Antarct�ca Project; and,

• Perspex magnet assembl�es for IIT Kanpur.

In add�t�on to developmental/fabr�cat�on act�v�t�es, the 

workshop has been undertak�ng ma�ntenance jobs 

for outs�de agenc�es �n the �ndustry, cover�ng var�ous 

equ�pment and dev�ces, both �nd�genous and �mported. 

It has also been prov�d�ng consultancy serv�ces for the 

development of moulds and d�es to customers �n the 

small-scale sector. Plans are also afoot to start short-

term courses for �mpart�ng tra�n�ng �n CNC and CAD/CAM 

equ�pment to enable w�der use of the ava�lable expert�se 

at the NPL.

  

CENTRAL WORKSHOP
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A view of the central workshop
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nd�a �ntroduced the metr�c system of measurement 

�n the country �n 1��6 to br�ng order �nto the 

chaot�c measurement system �t had �nher�ted from 

the past. The st�mulus was the need to help the 

country’s fledgl�ng �ndustry and trade to become compet�t�ve 

and grow�ng. Pand�t Jawaharlal Nehru, the then Pr�me M�n�ster 

of Ind�a, took keen �nterest �n th�s matter. In Apr�l 1��� the 

Lok Sabha resolved: “This house is of the opinion that the 

Government of India should take necessary steps to introduce 

uniform weights and measures throughout the country based 

on the metric system.” The un�ts for length, we�ght and other 

measures were accord�ngly standard�zed to conform to th�s 

system.  

Pr�or to the �ntroduct�on of the metr�c system �n the country  

there were dozens of d�fferent un�ts of measurement. Length, 

for example, was measured �n feet, �nches, m�les, spans, 

cub�ts, hands, furlongs, palms, rods, cha�ns, leagues, etc. 

S�m�larly, mass and volume, were measured �n d�verse systems 

of un�ts, wh�ch var�ed from reg�on to reg�on. The purpose of the 

The Standards of Weights and Measures Act, enacted �n 1��6, 

was to el�m�nate the mult�pl�c�ty of un�ts of measurement and to 

declare all non-metr�c measures �llegal by 1�60. 

The metr�c system �n 1��6 had three base un�ts: metre (length), 

kilogram (mass) and second (t�me). Th�s was later �ncreased 

to s�x to �nclude ampere (current), Kelvin (temperature) and 

candela (lum�nous �ntens�ty). In 1�60, the metr�c system 

was off�c�ally named the Système Internat�onal d’Un�tés (the 

Internat�onal System of Un�ts) or the SI un�ts and �s now used 

�n nearly every country �n the world except the Un�ted States. 

For the �mplementat�on of the Weights and Measures Act of 

1956, the Nat�onal Phys�cal Laboratory (NPL) was ass�gned the 

respons�b�l�ty of establ�sh�ng, ma�nta�n�ng and �mprov�ng the 

nat�onal standards of measurement for all SI un�ts and carry�ng 

out the necessary metrolog�cal work. 

 

One of the s�gnf�cant advantages of the metr�c system has been 

to express any phys�cal quant�ty by a s�ngle un�t only. Thus, 

for �nstance, length would be measured �n metres  �nstead 

of �n feet, �nches, yards or any other spec�al�zed un�ts. The 

other advantage has been the s�mpl�f�cat�on of the scales of 

un�ts, wh�ch could now be expressed �n powers of ten �nstead 

of numerous arb�trary rat�os between scales. Th�s makes the 

metr�c system a dec�mal based system of un�ts. In th�s, the 

mult�ples and submul�tples of un�ts were g�ven pref�xes such 

as k�lo (k) = 103, mega (M) = 106,  dec� (d) = 10-1, cent� (c) = 10-2, 

etc. 

The Role of National Physical Laboratory                                                                                          

 

The Laboratory was assoc�ated w�th the �mplementat�on of the 

metr�c system �n the country r�ght from the draft�ng stages of the 

Weights and Measures Act.  As a member of the Stand�ng Metr�c 

Comm�ttee of the Government of Ind�a, �t had rendered valuable 

consultancy and ass�stance on many techn�cal and sc�ent�f�c 

�ssues connected w�th the �mplementat�on and enforcement of 

the system. As a consequence, Ind�a started fabr�cat�ng and 

manufactur�ng standards of we�ghts and measures as well as 

commerc�al measures w�th�n the country �nstead of �mport�ng 

them. Th�s strateg�c development had led to the successful 

�mplementat�on of the metr�c system �n the country.

FOOTPRINTS

INTRODUCTION OF METRIC SYSTEM

I
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In part�cular, the ass�stance rendered by the Laboratory 

�ncluded:

• Work�ng out the shapes and d�mens�ons of var�ous  

 grades of standards and commerc�al grades of   

 we�ghts, length measures and volume measures;

• Recommend�ng su�table l�m�ts of perm�ss�ble errors  

 for all categor�es of we�ghts and measures;

• Prepar�ng demonstrat�on sets of new metr�c we�ghts  

 and measures for exh�b�t�on �n d�fferent states;

• Help�ng the �ndustry to manufacture these metr�c   

 we�ghts, l�near and capac�ty measures, hav�ng them  

 adjusted and ver�f�ed to be w�th�n st�pulated l�m�ts 

 and approv�ng the ‘f�rst models of we�ghts and   

 measures’ fabr�cated by d�fferent manufacturers;

• Help�ng the Bureau of Ind�an Standards (BIS) and the

 Legal Metrology Department �n the formulat�on of   

 spec�f�cat�ons for standards on we�ghts and measures; 

• Prov�d�ng tra�n�ng �n h�gh prec�s�on tests and   

 measurements to sen�or off�cers and �nspectors of 

 we�ghts and measures respons�ble for the   

 enforcement of metr�c system �n the d�fferent States;  

 and,

• Mak�ng ava�lable ver�f�ed secondary standard 

 we�ghts and measures to all the States for legal   

 metrology.

   

A problem faced �n the enforcement of the metr�c system 

was the non-ava�lab�l�ty of equ�pment requ�red for test�ng 

we�ghts and measures. The Laboratory took the challenge 

of prov�d�ng su�table balances from 2 g to �0 kg.  Import of 

balances was ruled out �n v�ew of the shortage of fore�gn 

exchange.  Techn�cal spec�f�cat�ons for requ�red balances 

were drawn up by the NPL and were g�ven to manufacturers 

all over the country.  The Laboratory evaluated the des�gn 

and fabr�cat�on and prov�ded techn�cal support for the�r 

�mprovement. The same strategy was adopted to develop 

prec�s�on balances �n the range of 2 g to 20 kg. Th�s not 

only helped the country �n sav�ng fore�gn exchange but also 

has resulted �n the establ�shment of a flour�sh�ng �ndustry for 

mak�ng h�gh prec�s�on balances.

Balance testing section

1�0

Standard weights and measures, designed by NPL and manufactured

by the Government Mint, for the use of Legal Metrology Departments



1�1

‘Indel�ble �nk’ �s a t�me-tested contr�but�on of the NPL to the 

sp�r�t of democracy �n the country. Used dur�ng the elect�ons, 

the �nk leaves a permanent �mpress�on on the f�nger of the 

voter, thus prevent�ng h�m/her from �mpersonat�ng another 

voter. Of cruc�al �mportance to the Elect�on Comm�ss�on for 

conduct�ng elect�ons �n a fa�r manner, the Mysore Lac and 

Pa�nt Works Ltd, a Karnataka government enterpr�se, has, 

therefore,  been l�censed to produce the �nk on a commerc�al 

scale based on the NPL know-how. However, the NPL has 

cont�nued to undertake performance checks for �nk qual�ty on 

regular bas�s. 

F�rst developed �n 1��2, �t has s�nce undergone several 

new formulat�ons.  In �ts R&D efforts, the challenge before 

the NPL was to make the �nk �nsoluble by any means. In the 

past there have been attempts to remove the �nk mark on the 

f�nger w�th some success by us�ng some known solvents. The 

Bureau of Ind�an Standards (BIS), wh�ch has come up w�th IS 

1320�:1��1 standard on the performance tests for �ndel�ble 

�nk, recommends that the pH level of the �ndel�ble �nk should be 

between 1.0 and 3.0 and that the �nk mark should be �nsoluble 

to solvents such as tr�chloroethylene, rect�f�ed sp�r�t, bleach�ng 

powder and petroleum hydrocarbon. The Laboratory has 

tr�ed to �mprove the �nk qual�ty to make �t conform to the BIS 

spec�f�cat�ons. However, �n the last few years attempts at the 

use of tox�c chem�cals, such as ferrocyan�de, th�ocyanate and 

sod�um cyan�de, to remove the �nk mark w�th some success 

have been not�ced.  As a result, fresh emphas�s was g�ven 

on develop�ng an �mproved formulat�on of the �nk capable of 

mak�ng a mark on the f�nger that can last for at least 1� days.

The R&D efforts undertaken �n collaborat�on w�th Mysore 

Pa�nts & Varn�sh Ltd (formerly Mysore Lac and Pa�nt Works 

Ltd.) and the Nat�onal Research Developmental Corporat�on 

(NRDC) have g�ven fresh leads �n �mprov�ng the �nk technology 

for rel�ab�l�ty and longer shelf l�fe. On the bas�s of stud�es 

sponsored by the Elect�on Comm�ss�on, the NPL has now 

developed two new formulat�ons based (�) on a compos�te 

dye m�xture, wh�ch reacts w�th human prote�n of the sk�n, and 

(��) on the photochem�cal react�on at the place of appl�cat�on, 

wh�ch leaves a black mark.INDELIBLE INK

Development of indelible ink is NPL’s significant contribution to democracy

1�1

Two views of training classes for Controllers of Legal Metrology 

Departments (1960-70)
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How sol�d-state phys�cs, a core act�v�ty of the Laboratory, 

can be appl�ed for �ndustr�al and soc�etal appl�cat�ons �s well 

�llustrated by the electrostat�c photocopy�ng mach�ne that 

the Laboratory developed �n 1�70. The NPL mach�ne had 

made a s�gn�f�cant �mpact on the domest�c bus�ness act�v�ty 

�n the small-scale sector. More �mportantly, th�s development 

exempl�f�es the Laboratory’s contr�but�on �n �ts format�ve years 

towards �nd�gen�zat�on of �mported technolog�es, �n l�ne w�th 

the nat�onal S&T pol�cy thrust follow�ng the 1��� Sc�ent�f�c 

Pol�cy Resolut�on. The context of th�s development �s 

�mportant because �t was a t�me when the country was ma�nly 

dependent on expens�ve �mported technolog�es, wh�ch was 

true of photocopy�ng mach�nes as well. The development of 

an �nd�genous and �nexpens�ve photocopy�ng mach�ne by 

the Laboratory thus fulf�lled an urgent need �n the market.  

G�ven the strong base and expert�se �n sol�d-state phys�cs 

at the NPL, the process know-how for the mach�ne was 

developed �n a record t�me of s�x months dur�ng Apr�l to 

September 1�6�. A totally �nd�genous product, �ts cost was 

about one-f�fth the cost of an �mported photocopy�ng mach�ne. 

About seventy commerc�al concerns had shown �nterest �n 

tak�ng th�s cost-effect�ve technology for commerc�al�zat�on. 

However, the Laboratory later released the know-how only 

to three compan�es: Advan�-Oerl�kon, Mumba�, Macene�ll & 

Barry, Delh�, and Systron�cs, Ahmedabad. 

The core of the photocopy�ng mach�ne was photoreceptors, 

the d�ff�cult technology for wh�ch was developed w�th�n a very 

short per�od. Bes�des photoreceptors, the other components 

�ncluded an electrostat�c charg�ng system (for sens�t�z�ng the 

photoconduct�ve plate), an opt�cal system (for expos�ng the 

sens�t�zed photoconduct�ve plate to the object-document 

to be cop�ed), a develop�ng system (for the development 

ELECTROSTATIC PHOTOCOPYING 
MACHINE

1�2

Prototype electrostatic photocopying machine
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Static box technique used for air sampling in the paddy fields of the 

IARI, New Delhi

of latent �mage of the plate) and a f�x�ng system (for f�x�ng 

the powder �mage on the paper).  The Laboratory fabr�cated 

a prototype of the coat�ng un�t for produc�ng photoreceptor 

plates on a small scale.  It also fabr�cated a prototype of the 

charg�ng un�t for charg�ng photoreceptor. The Laboratory 

had taken many patents for the var�ous processes developed 

dur�ng the development of the photocopy�ng mach�ne. The 

Invent�on Promot�on Board awarded S�lver Sh�eld to the 

Laboratory for develop�ng th�s technology. 

Compared to the �mported products from Poland and 

the USA ava�lable then, the NPL photocopy�ng mach�ne 

was a mechan�cal model. Notw�thstand�ng �ts l�m�tat�ons, 

th�s mach�ne d�d come as a boon to the Ind�an �ndustry. 

The technology has also generated s�gn�f�cant sp�n offs: 

rad�ography by electrostat�c method and electrostat�c 

dust collectors for the removal of part�culate matter from 

amb�ent a�r.

The �ncreas�ng em�ss�ons of Greenhouse Gases (GHGs), due 

to the grow�ng populat�on and �ndustr�al�zat�on, has led to an 

�ncrease �n the�r atmospher�c concentrat�ons, a potent�al source 

of global warm�ng. The total annual global load of atmospher�c 

methane (CH�), an �mportant GHG, �s est�mated to be about �00 

Tg (Tg=1012g), w�th anthropogen�c sources account�ng for about 

360 Tg. About 1�% of the anthropogen�c methane em�ss�ons 

has been attr�buted to the cult�vat�on of r�ce. Ind�a, hav�ng about 

�3 m�ll�on hectare (Mha) under r�ce cult�vat�on out of a total of 

around 1�0 Mha of r�ce cult�vable area �n the world, attracted 

spec�al attent�on. On the bas�s of extrapolat�on of measurements 

done �n Europe and the USA, the U.S. Env�ronment Protect�on 

Agency (US-EPA) attr�buted 37.� Tg CH� yr -1 to Ind�an r�ce 

f�elds, an order of magn�tude more than the est�mate of 3 Tg yr -1 

based on f�eld measurements by the NPL at some r�ce grow�ng 

reg�ons of the country. The �nternat�onal commun�ty d�d not, 

however, accept the Ind�an est�mate at that t�me.

In v�ew of th�s vast d�fference �n the est�mates, an extens�ve 

CH� measurement campa�gn was launched �n 1��1 w�th act�ve 

support of the M�n�stry of Env�ronment and Forests (MoEF) and 

Dr. A.P. M�tra, the then D�rector General of the CSIR. More than 

1� nat�onal laborator�es, agr�cultural un�vers�t�es and �nst�tutes 

part�c�pated �n the campa�gn, wh�ch was coord�nated by the 

NPL. Between June and November 1��1 (the wet season), 

CH� measurements were carr�ed out us�ng stat�c box and gas 

chromatography techn�ques, w�th k�ts and cal�brat�on standards 

prov�ded by NPL. Th�s was done for the whole cropp�ng per�od 

�n major paddy grow�ng reg�ons of the country under d�fferent 

agro-cl�mat�c cond�t�ons. The absolute cal�brat�on compat�b�l�ty 

at the �nternat�onal level was establ�shed by exchang�ng 

samples w�th the D�v�s�on of Atmospher�c Phys�cs, CSIRO, 

Austral�a, the Nat�onal Inst�tute of Agro-Env�ronment Sc�ences 

(NIAES) Tsukuba, Japan, Max Plank Inst�tute for Chem�stry, 

Germany, and the NPL, New Delh�. For �nter-compar�son, the 

NPL and the NIAES made s�multaneous measurements at the 

Ind�an Agr�cultural Research Inst�tute (IARI), New Delh�. Thus 

METHANE EMISSION FROM INDIAN 
PADDY FIELDS
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The early exper�ence at the NPL �n develop�ng technolog�es 

only to the laboratory scale had shown �ts �nadequac�es. 

Industr�es were unw�ll�ng and hes�tant to take processes 

developed �n laborator�es. Th�s led the NPL to propose to 

the Government to establ�sh a commerc�al product�on un�t 

for technolog�es for electron�c mater�als and dev�ces, �n 

part�cular ferr�tes, developed �n the laboratory. As a result, 

a publ�c sector undertak�ng, the Central Electron�cs L�m�ted 

THE CENTRAL ELECTRONICS LIMITED

the CH� flux data generated �n th�s campa�gn was nat�onally 

and �nternat�onally cal�brated. The est�mate prov�ded by the 

campa�gn was about � Tg yr -1 -- w�th a range of 2 to 6 Tg yr -1 -

- thus val�dat�ng NPL’s earl�er est�mates. Th�s was t�mely for the 

UN Earth Summ�t of 1��2 at R�o �n Braz�l. The Ind�an approach, 

us�ng seasonal �ntegrated flux, has been accepted and 

adopted �n the methodolog�es of the Intergovernmental Panel 

on Cl�mate Change (IPCC), a sc�ent�f�c body that ass�sts the 

UN Framework Convent�on on Cl�mate Change (UNFCCC). 

The NPL �s the Nat�onal Metrology Inst�tute (NMI) of Ind�a and 

has the respons�b�l�ty to establ�sh the equ�valence of nat�onal 

and �nternat�onal standards. In the absence of metrolog�cal 

support of the NPL and related methane gas standards or 

cert�f�ed reference mater�als (CRMs), �t would not have been 

poss�ble to have country spec�f�c data acceptable to the 

�nternat�onal commun�ty dur�ng early 1��0s.

Accord�ng to the earl�er �nternat�onal est�mates, a reduct�on of 

Ind�an CH� em�ss�on by about �7% would have been requ�red 

to sat�sfy the country’s obl�gat�on under the UNFCC. Th�s may 

have resulted �n a substant�al reduct�on �n r�ce cult�vat�on, thus 

affect�ng the country’s food secur�ty adversely. The equ�valent 

benef�t of avert�ng the threat has been est�mated to be Rs. 13� 

b�ll�on, more than double the ent�re government expend�ture on 

S&T agenc�es dur�ng that per�od.

(CEL), was establ�shed �n 1�7�. It was f�rst located w�th�n the 

NPL campus and later sh�fted to Sah�babad, Ghaz�abad, U.P., 

w�th �ts reg�stered off�ce at the NPL. Th�s �s the only �nstance 

of a publ�c sector undertak�ng emerg�ng as a result of R&D 

efforts w�th�n the CSIR system. The CEL �s at present under 

the adm�n�strat�ve control of the Department of Sc�ent�f�c and 

Industr�al Research (DSIR) of the M�n�stry of Sc�ence and 

Technology.

In �ts �n�t�al phase, the CEL was a lead�ng manufacturer of 

ferr�tes, based on the process developed at the NPL, and was 

also engaged �n �nstrumentat�on. Subsequently, �t d�vers�f�ed 

�nto solar-cell development, wh�ch cont�nues to be one of �ts 

core act�v�t�es. The CEL has been a p�oneer �n the commerc�al 

product�on of mono-crystall�ne solar cells and photovolta�c 

modules of �nternat�onal standards �n the country. More 

recently, �t has entered the areas of electron�c s�gnall�ng and 

safety equ�pment for ra�lways and strateg�c electron�cs for 

m�ss�on cr�t�cal defence appl�cat�ons. It �s also engaged �n the 

n�che market of turnkey �nstallat�on of solar/hybr�d powered 

cathod�c protect�on systems for the protect�on of gas and o�l 

p�pel�nes runn�ng through the remote and power starved areas 

of the country.  As a result of �n-house R&D, �t has developed 

a number of products and processes for the f�rst t�me �n the 

country. 

Today, the CEL �s a full-fledged prof�table commerc�al 

organ�zat�on w�th a turnover of over Rs.120 crores and has 

drawn up a road map to become a Rs. �00 crore company by 

the end of the Eleventh F�ve Year Plan.  
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Central Electronics Ltd., Sahibabad, U.P.
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Future Vision
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THE WAY FORWARD

he earl�er chapters of th�s volume br�efly rev�ewed 

the progress of the Nat�onal Phys�cal Laboratory 

over the last s�xty years. They gave an �dea of where 

the Laboratory stands �n the use of sc�ence and 

technology for strateg�c, soc�etal and �ndustr�al appl�cat�ons. 

They traced the path that the Laboratory has traversed, and 

the ups and downs, dur�ng the last s�xty years. As ev�denced 

�n those chapters, the NPL has bu�lt up �ts core competence �n 

the f�elds of measurement standards, mater�als and rad�o and 

atmospher�c sc�ences for wh�ch �t �s well respected throughout 

the country and has earned a name �nternat�onally as well. 

However, the future poses new challenges and the Laboratory 

must be �n a pos�t�on to face these and r�se to greater he�ghts.

W�th the nat�onal economy at the threshold of tak�ng off to h�gher 

levels of growth, chang�ng from an agrar�an to a manufactur�ng 

and serv�ces base, Ind�an sc�ence f�nds �tself at a crossroads. 

Now Ind�an products have to encounter global compet�t�on 

not only for exports but also �n the domest�c market. The 

consumer now has the same cho�ce whether �n London or �n 

Delh�. The �ndustr�al�sts are beg�nn�ng to real�ze that they have 

to prov�de h�gh qual�ty products and they can no longer get 

the protect�on of a sheltered market. 

Import subst�tut�on and �nd�gen�zat�on 

can no longer be the dr�vers of Ind�an 

S&T system. Today the demand �s for 

cont�nuous �nnovat�on w�th �mproved 

qual�ty as well as product performance 

and v�ab�l�ty. In future, research at the 

Nat�onal Phys�cal Laboratory has to be 

globally compet�t�ve, both �n terms of 

qual�ty and cost.

In such a scenar�o, the v�s�on of our progen�tors, who planned 

and establ�shed the Laboratory, needs to be acknowledged 

and adm�red. W�th remarkable fores�ght they v�sual�zed the 

�mmed�ate need for metrology and mater�als research to cater 

to the needs of the �mm�nent �ndustr�al�zat�on of the country, 

to wh�ch research �n rad�o and atmospher�c sc�ences were 

appended later. The annals of the 60 years of the glor�ous 

h�story that the Laboratory has had, wh�ch th�s volume has 

attempted to portray, are a test�mony to the ebbs and t�des 

the �nst�tut�on has exper�enced. Overall, �t has been a prem�er 

�nst�tute and played an �mportant role �n the development of 

sc�ence and technology �n Ind�a. W�th t�me, �t has undergone 

several phases depend�ng on the pol�c�es, fund�ng patterns, 

leadersh�p, nat�onal requ�rements and soc�al trends. Somet�mes 

the gl�tter appears jaded a b�t requ�r�ng some pol�sh�ng so that 

�t cont�nues to sh�ne and �gn�te m�nds �n the serv�ce of our great 

nat�on. Only a clear percept�on of �ts strengths, weaknesses 

and opportun�t�es, and the threats �t �s l�kely to face �n the years 

to come, w�ll enable the Laboratory to chalk out a v�s�on for a 

glor�ous future.

Currently, the NPL �s a large laboratory �nvolved �n the sc�ence 

of measurement, synthes�s and character�zat�on of mater�als, 

study of propagat�on of rad�o waves and atmospher�c 

sc�ences and cl�mate change. It has 

well equ�pped laborator�es, developed 

the requ�s�te �ntellectual competence 

and has made �ndel�ble marks �n the 

�nternat�onal arena. Hav�ng acqu�red 

all the expert�se and exper�ence, 

as well as hav�ng developed the 

necessary �nfrastructure, �ts sc�ent�sts 

have entered the twenty-f�rst century 

w�th the conf�dence of be�ng able 

to meet the newer and h�gher challenges that contemporary 

research poses. There are several mandated requ�rements 

for the Laboratory and at the same t�me there has also been 

“Prediction is difficult, 

especially about the 

future”

- Niels Bohr
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suff�c�ent freedom to pract�ce bas�c and h�gh qual�ty sc�ence. 

As outl�ned �n the earl�er pages, the work at the NPL has had 

far reach�ng consequences for the common Ind�an through 

metrology as well as �nd�gen�zat�on and �nnovat�ve technolog�es 

developed.  The large number of publ�cat�ons �n h�gh qual�ty 

SCI journals ev�dences the qual�ty of work. A recent study by 

the Off�ce of the Pr�nc�pal Sc�ent�f�c Adv�sor to the Government 

of Ind�a has placed  NPL among the top 10 �nst�tutes of the 

country �n 2001-02 �n terms of �mpact factor per paper and 

c�tat�ons rece�ved per paper.  

An honest analys�s of the long �nn�ngs that the NPL has played 

�n contr�but�ng to the soc�etal causes and the changed scenar�o 

due to Ind�a open�ng up �ts economy shows some ‘old-age’ 

wr�nkles. In the past the NPL was perce�ved as a structured 

research �nst�tut�on where major technolog�cal challenges were 

addressed. Th�s resulted �n h�ghly accompl�shed manpower. 

S�nce the m�d-1��0s, the recru�tment of fresh sc�ent�sts and 

other staff slowed down cons�derably result�ng �n the current 

state where the average age of employees of the Laboratory �s 

above f�fty years. Further, �n the last two decades, the Laboratory 

has dr�fted from hav�ng programmes w�th targeted goals to 

small �ndependent projects. The Laboratory at present �s see�ng 

a s�gn�f�cant exodus of the sen�or staff due to superannuat�on 

as well as attr�t�on, and consequent gaps �n the h�erarchy of 

respons�b�l�t�es and project execut�on �s �mm�nent. Attract�ng 

and reta�n�ng br�ght sc�ent�sts �s currently a nat�onal problem, 

espec�ally for laborator�es l�ke the NPL, w�th l�ttle flex�b�l�ty to 

offer attract�ve remunerat�on packages. In sp�te of th�s, of late, 

several del�berate and consc�ous efforts are be�ng made to 

attract and recru�t young researchers on a regular bas�s and 

tra�n them. The deplet�on of manpower can also be converted 

�nto an opportun�ty to br�ng �n fresh �deas and approaches and 

�mplement des�rable changes �n the system to not only establ�sh 

a modern and contemporary laboratory but also to �mprove the 

work�ng style and enhance the �ntellectual env�ronment, wh�le 

ma�nta�n�ng the dynam�c equ�l�br�um. The approach w�ll, �n the 

near future, prov�de qual�ty and tra�ned manpower that can 

proact�vely and aggress�vely adapt to novel developments �n 

the �nternat�onal sc�ent�f�c and technolog�cal arena and make 

s�gn�f�cant contr�but�ons to the strateg�c, econom�c, �ndustr�al 

and �ntellectual needs of the nat�on. 

The Laboratory �s now po�sed to take up major �n�t�at�ves and 

large programmes. The d�rect�on �s �ntended to address the 

latest and frontl�ne �ssues of research. Adopt�ng a long-term 

strategy can launch the NPL �nto the b�g league coherently and 

purposefully to not only enable �t to cater to the needs of Ind�a 

of tomorrow but �n the global context as well and atta�n the 

exc�tement and pleasures that sc�ence alone can prov�de.

The Nat�onal Phys�cal Laboratory �s the nat�onal metrology 

laboratory for Ind�a. An act of parl�ament mandates the NPL 

to ma�nta�n the h�ghest standards poss�ble �n l�ne w�th the 

�nternat�onal leaders l�ke BIPM, the NIST, PTB or the NPL-UK. 

Dur�ng the last three years, the metrology act�v�ty at the NPL has 

undergone techn�cal peer rev�ews of h�ghest standards and 

has earned a name for the Laboratory. For the f�rst t�me, �t has 

bagged the cha�rmansh�p of the APMP Techn�cal Comm�ttees 

as well as membersh�p of the APMP Execut�ve Counc�l. Such 

recogn�t�on has come about due to the h�gh metrolog�cal 

standards ma�nta�ned by the Laboratory. It has now geared up 

to gett�ng �nto novel aspects of establ�sh�ng and research�ng 

on measurements based on quantum standards and set up 

pr�mary measurement standards �n most of the parameters so 

that the NPL does not have to depend on other laborator�es to 

establ�sh the traceab�l�ty of var�ous standards ma�nta�ned here. 

W�th the number of cal�brat�on and test�ng laborator�es grow�ng 

�n Ind�a, �t �s �mperat�ve that sheer test�ng and cal�brat�on 

alone w�ll not hold the Laboratory �n good stead �n the future. 

It �s �mportant that the NPL undertakes research on new and 

upgraded standards and rema�ns as the nat�onal apex body 

that all other laborator�es look up to. A large project to set up 

nano-metrology �s already under way wh�ch w�ll �n�t�ate the 

Laboratory �nto the front�ers of measurement sc�ence. Another 

project to set up a ces�um founta�n �s also under way. The 

metrolog�cal fac�l�t�es are also to be upgraded by construct�ng 

a spec�al techn�cal bu�ld�ng meet�ng the temperature, v�brat�on, 

sh�eld�ng and other requ�rements. 

As mank�nd races towards the end of the foss�l fuel era, two 

major cr�ses are env�saged -- that of energy and env�ronment. 

The NPL �s �n a pos�t�on to make substant�al contr�but�ons 

�n both these f�elds. Bu�ld�ng on the ex�st�ng competence, 

large programmes are be�ng launched �n the Eleventh F�ve 
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Year Plan. In the f�eld of energy, problems are to be tackled 

on several fronts. It �s planned to rejuvenate the programme 

on solar photovolta�cs. Currently, the solar cell product�on �n 

the world �s grow�ng at or over 30% per year and over �0% 

of currently produced solar cells are based on bulk s�l�con, 

the future of solar cells w�ll rema�n w�th s�l�con �n the com�ng 

years. The Laboratory plans to strengthen research �n th�s f�eld 

and g�ve a back-up to Ind�an and global solar cell �ndustry 

w�th �ts phys�cs and measurement knowledge. At the same 

t�me, work on newer technolog�es such as m�crocrystall�ne 

s�l�con, organ�c solar cells and nano-structured solar cells w�ll 

be undertaken. Us�ng the core strength �n the f�eld of carbon 

components for the fuel cells w�ll be developed. Further, 

real�z�ng that �n add�t�on to generat�on of energy, �t �s also 

�mportant to conserve �t, major programmes for develop�ng 

wh�te l�ght em�tters us�ng the sem�conductor as well as organ�c 

routes have been launched. Other programmes, wh�ch 

have �mpl�cat�ons for energy usage, such as electrochrom�c 

w�ndows, w�ll also cont�nue. Another �mportant requ�rement for 

energy systems �s �n the area of sensors, wh�ch w�ll cont�nue to 

be strengthened at the Laboratory. The latest developments �n 

the area of nanotechnology w�ll be explored to develop energy 

systems and sensors. The laborator�es w�ll be modern�zed 

w�th the construct�on of clean rooms and procurement of 

soph�st�cated �nstruments.  Thus, the thrust �n mater�als w�ll be 

�n areas such as sensors, nanotechnology, fuel cells, solar cells, 

organ�c dev�ces and III-V heteroep�taxy-based sem�conductor 

dev�ces, wh�ch requ�re not only spec�f�c expert�se but also an 

�nter-d�sc�pl�nary approach. The role of these f�elds �n energy 

secur�ty and enhancement of qual�ty of l�fe w�ll be �nev�tably 

�mportant.

The cont�nued �ncrease of Ind�an (and global) populat�on 

coupled w�th the ant�c�pated h�gh �ndustr�al growth rates 

mean ser�ous env�ronmental challenges. The protect�on of our 

env�ronment through an �n-depth understand�ng of the global 

cl�mate change for susta�nable growth by �ntegrat�ng �nter-

d�sc�pl�nary tools w�ll be the pr�me d�rect�on to be pursued w�th 

v�gour and zeal. The Laboratory has taken the leadersh�p to 

�n�t�ate a coord�nated network programme to study all aspects 

of global cl�mate change along w�th other CSIR Laborator�es. 

Not only the ecosystem �n our reg�on but also �n the Polar 

Reg�ons w�ll be explored. Rad�o sc�ence has cont�nued to 

�nfluence our da�ly l�ves through the rap�d developments �n 

commun�cat�ons technolog�es. The Laboratory’s competence 

�n th�s f�eld needs to be pol�shed. A Reg�onal Fac�l�ty on Rad�o 

Sc�ence for Development to promote rad�o sc�ence among 

young sc�ent�sts not only from Ind�a but also from ne�ghbour�ng 

countr�es has been establ�shed. It w�ll prov�de opportun�ty 

for capac�ty bu�ld�ng through research and reg�onal and 

global programmes �n selected areas of rad�o sc�ence �n 

tune w�th the requ�rements of nat�onal development and 

object�ves. Of �mmed�ate �nterest are the areas of rural rad�o 

commun�cat�on, mob�le commun�cat�on, rad�o remote sens�ng 

of the land, atmosphere and oceans, natural d�sasters, rad�o 

standards and �nformat�on and commun�cat�on sc�ences and 

technolog�es. The need �s to create local expert�se to �ntegrate 

w�th, �mprove upon and �ntell�gently ut�l�ze equ�pment, fac�l�t�es 

and operat�onal systems that are often �mported.

The rap�dly chang�ng sc�ent�f�c and �ndustr�al scenar�o �n the 

country �s accompan�ed by the need for rev�ew�ng the role 

of nat�onal laborator�es l�ke the NPL. The removal of product 

protect�on and �nvestment barr�ers has led to the advent of 

several large mult�nat�onal and also pr�vate Ind�an compan�es 

start�ng the�r own R&D laborator�es. Though th�s at the outset 

appears to be a threat for the surv�val of the nat�onal laborator�es, 

�n real�ty, �t �s a great opportun�ty for the NPL. W�th �ndustr�es of 

soph�st�cated products com�ng up, the opportun�ty �s enhanced 

for prov�d�ng qual�ty cal�brat�on and test�ng, consultancy 

serv�ces as well as the need for research on contemporary 

problems. In fact, knowledge based serv�ces can be extended 

to �ndustr�es and �nst�tutes all over the globe and th�s has the 

potent�al s�m�lar to that of the �nformat�on technology sector. 

The Laboratory can also prov�de technology serv�ces to 

the large compan�es w�th �ts knowledge and capab�l�t�es �n 

character�zat�on, test�ng and evaluat�on as well �nnovat�ons. In 

fact, �t can partner w�th nat�onal and mult�nat�onal compan�es 

not only to cater to the�r needs but also �nsp�re them to �mprove 

the�r product qual�ty, performance and development. It �s now 

poss�ble to explo�t R&D outsourc�ng and contract research 

opportun�t�es that were not ava�lable to a phys�cs laboratory 

�n Ind�a even a few years ago. Thus publ�c-pr�vate partnersh�p 

can benef�t the Laboratory as well as the �ndustry.  The freedom 



of work that the Laboratory enjoys can make �t more �nnovat�ve 

than the narrow product or�ented approach of the �ndustr�es.  

The advent of the MNCs, the poss�b�l�ty of global access, the 

emergence of novel technolog�es such as nanotechnology, 

the search for non-foss�l fuels and the grow�ng awareness of 

env�ronmental protect�on can, �n fact, g�ve the NPL a head 

start to not only rema�ns relevant but also flour�sh �n the new 

env�ronment. The strateg�c needs of the nat�on w�ll always 

depend on �nst�tut�ons l�ke the NPL to prov�de the requ�s�te 

knowledge and development by research. However, �t w�ll 

have to become lean, flex�ble and respons�ve to compete w�th 

the pr�vate sector research laborator�es. The adm�n�strat�ve 

procedures and human resource management w�ll need to 

undergo a major transformat�on through changes �n the CSIR 

and government rules.  Thus partnersh�p w�th academ�a, 

m�ss�on-or�ented R&D �nst�tut�ons, �ndustry, MNCs �n part�cular, 

to support h�gh-tech research and �nnovat�ons that can �mprove 

�ndustr�al compet�t�veness, country’s economy and qual�ty of 

l�fe w�ll be cruc�al to the future of the Laboratory.

The attempts to translate these dreams and asp�rat�ons �nto 

real�ty have already begun �n a modest way. A proper strategy 

that responds to the soc�etal changes �s be�ng drawn as an 

exerc�se for the �mplementat�on of the proposals �n the Eleventh 

F�ve Year Plan. The work place �s be�ng mod�f�ed to prov�de 

the appropr�ate amb�ence so that �t generates excellence. 

Proper amb�ence w�ll not only �nclude soph�st�cated state-

of-the-art equ�pment and clean laboratory env�ronment, 

but also �dent�f�cat�on and promot�on of �nd�v�duals w�th the 

requ�red competence who can act as nucleat�on centres 

for form�ng v�able teams. The Laboratory work force w�ll be 

restructured for collaborat�ve research and project or�ented 

teamwork. A complete Management Informat�on System �s 

be�ng prepared to ass�st the sc�ent�sts and the management to 

evolve procedure for qu�ck execut�on of projects w�th careful 

and cont�nuous mon�tor�ng. A large number of sem�nars and 

sympos�a are be�ng arranged to enhance the academ�c 

atmosphere and enhance �nter and �ntra laboratory �nteract�ons. 

Several laboratory awards have been �nst�tuted to recogn�ze 

excellence and to encourage a healthy compet�t�on. An NPL 

Research Foundat�on has been launched to support act�v�t�es, 

generat�on of �deas and collaborat�ons from non-governmental 

funds. An NPL Alumn� Assoc�at�on has also been started to 

network w�th former colleagues.

 The D�amond Jub�lee Celebrat�ons have prov�ded the NPL 

w�th an opportun�ty to s�ncerely �ntrospect �nto �ts strengths and 

weaknesses and to prepare a bluepr�nt for �ts future.  An honest 

and careful look �nto the Laboratory’s h�stor�cal development 

and also the new developments �n the �nternat�onal arena �s 

necessary to �dent�fy the paths that the NPL must proact�vely 

take to not only surv�ve but also scale unprecedented he�ghts 

�n the years to come. The ult�mate a�m �s to “make the NPL 

the best phys�cs laboratory �n the country and be among the 

front rank�ng laborator�es of the world �n the f�elds of metrology, 

mater�als and atmospher�c sc�ences”.  The 60th year of NPL’s 

ex�stence should mark the beg�nn�ng of a new and glor�ous 

era for th�s great laboratory, so that �t can atta�n the asp�rat�ons 

w�th wh�ch th�s laboratory was set up �n the cause of nat�on 

bu�ld�ng.

1�0







154 155

January
1947

4th 
January

1950

21st

The Foundation Stone

Laid

National Physical Laboratory

Declared Open



156 157

Down the 
Memory Lane



158 159

Special People... 
     Special Moments...
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Lord Halifax, Ex. Viceroy of India and Lady Halifax in NPL (1952)

Clement Attlee, Prime Minister of United Kingdom with Dr. K. S. Krishnan, Director, NPL (1953)
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Mohammad Ali, Prime Minister of Pakistan 
signing the visitor’s book (1953)

S. R. Sidky, Minister for Agriculture, Egypt 
in NPL (1954)

Marshal J. B. Tito, President of Yugoslavia 
with Dr. K. S. Krishnan (1954)
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Pandit Nehru with Dr. M. S. Thacker, DG, CSIR 
seen in products exhibition (1955)

Pandit Nehru, Prime Minister of India, Dr. H. J. Bhabha, Dr. M. S. Thacker, DG, CSIR in NPL
during CSIR Governing Body Meeting (1955)
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F. Kiss showing indigenous glass products to Naga visitors (1955)

G. A. Nasser, President of Egypt with Dr. K. N. Mathur, Deputy Director, NPL (1955)
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The Crown Prince of Saudi Arabia in NPL (1955)

The Princess of Laos in NPL (1955)
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Queen Ratna of Nepal in NPL (1955)

Sukarno, President of Indonesia alongwith his delegation 
in NPL (1955)

N. A. Bulganin, Prime Minister of Soviet Union, Nikita Khrushchev with
Dr. K. S. Krishnan (1955)
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Pandit Nehru, Hamayun Kabir and Dr. M. S. Thacker, DG, CSIR in NPL (1956)

Zhou Enlai (Chou En-Lai), Premier of People’s Republic of China in NPL (1956)
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The Dalai Lama of Tibet in NPL (1956)

Tanka Prasad Acharya, Prime Minister of Nepal in NPL (1956)
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Harold Macmillan, Prime Minister of United Kingdom with Dr. W. M. Vaidya, Head, Optics Division (1958)

Pandit Nehru with Dr. M. S. Thacker, DG, CSIR and Dr. K. S. Krishnan (1958)
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V. Siroky, Prime Minister of Czechoslovakia in NPL 
(1958)

Dr. K. N. Mathur, Dy. Director, NPL felicitating Dr. K. S. Krishnan 
on his 60th birthday (1958)

A. S. Bhatnagar, son of Dr. S. S. Bhatnagar presenting his 
father’s collection of books to Hamayun Kabir, Minister of 
Science & Technology (1958) 
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Lal Bahadur Shastri addressing the gathering on Dr. K. S. Krishnan’s 60th birthday (1958)

Prince Philip, Duke of Edinburgh in NPL (1959)
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Prince Akihito of Japan in NPL (1960)

Dr. S. Radhakrishnan, the Vice-President of India presenting K L Moudgill Award to G. D. Joglekar, Head, Carbon Unit (1960)
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U. Nu, Prime Minister of Burma in NPL (1961)

Dr. S. Chandrasekhar in NPL (1961)
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Paul King and Frederika Queen of Greece with Dr. W. M. Vaidya in NPL (1963)

King Hussein I of Jordan with Dr. P. K. Kichlu, Director, NPL (1963)
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Georges Raymond Pompidou, Prime Minister of France alongwith delegation in NPL (1965)
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Ms. Indira Gandhi, Prime Minister of India presenting Bhatnagar Award to Dr. A. R. Verma, Director, 
NPL (1966)

Pandit Jawaharlal Nehru, the Prime Minister of India presenting Bhatnagar Award to Dr. K. S. Krishnan, 
Director, NPL. Also seen in the picture are Humayun Kabir, Minister of Science & Technology and 

Dr. M. S. Thacker, DG, CSIR (1961)
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Dr. S. Hussain Zaheer, DG, CSIR with G. D. Joglekar, Prem Prakash, C. V. Ganapathy and Mrs. Z. 
Ali on NPL Open Day (1967)

Lady and Dr. Plous with Dr. A. R. Verma, Prem Prakash and G. D. Joglekar (1967)
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Ms. Ne Win, wife of Prime Minister of Burma with Dr. A. R. Verma (1968)

Ms. Indira Gandhi with Dr. D. S. Kothari and Dr. A. R. Verma in NPL (1968)
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Triguna Sen, Minister of S&T on Open Day at NPL 
(1968)

Dr. S. N. Bose, Dr. D. S. Kothari, Dr. A. R. Verma and
Dr. V. G. Bhide at NPL Executive Committee meeting  
(1969)

Dr. Atma Ram, DG, CSIR, Dr. S. Chandrasekhar,
Dr. A. R. Verma, Director, NPL with senior scientists 
(1969)
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Eminent Scientists of NPL with Dr. S. N. Bose (1971)
Sitting L to R: Dr. A. P. Mitra, Dr. A. R. Verma, Dr. S. N. Bose, T. V. Ramamurthy

Standing L to R: Prem Prakash, Dr. V. G. Bhide, Dr. G. C. Jain, Lalit Mohan
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Dr. P. M. S. Blackett with Dr. A. R. Verma and Dr. A. P. Mitra (1971)

Dr. Atma Ram, DG, CSIR attending a symposium in NPL alongwith Dr. Vikram Sarabhai and
Dr. A. P. Mitra (1971)
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Dr. Karan Singh, Dr. D. S. Kothari and Dr. A. R. Verma
during NPL Science Exhibition (1971)

Dr. C. V. Raman in NPL (1971)
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Dr. P. L. Kapitsa, (NL) in NPL (1974)

Fakhruddin Ali Ahmed, President of India in NPL (1975)
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Dr. Satish Dhawan, Dr. A. R. Verma and Dr. A. P. Mitra attending a symposium in NPL (1976)

Ms. Indira Gandhi, Prime Minister of India at the 
Inaugural of NPL Silver Jubilee Function (1975)
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Dr. M. G. K. Menon, DG, CSIR visiting Microwave Lab (1981)

Dr. Nurul Hassan, Minister of Science & Technology in Force Standards Laboratory (1977)
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Dr. Abdus Salam (NL) alongwith Dr. A. R. Verma, Director, NPL, K. N. Johri, Head, ICU, CSIR, and
Dr. G. C. Jain (1981)

Dr. G. S. Sidhu, DG, CSIR in NPL (1981)
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Ms. & Dr. S. Chandrasekhar, NL with Dr. A. P. Mitra, DG, 
CSIR and Dr. S. K. Joshi, Director, NPL (1986)

Dr. D. S. Kothari, Chancellor, JNU and Dr. Yash Pal, 
Chairman, University Grants Commission in NPL (1988)

Dr. D. S. Kothari, Chancellor, JNU releasing NPL Technical 
Bulletin. Also seen are Dr. S. K. Joshi, Director, NPL and 
Dr. Krishan Lal (1988)
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Yousif Shiromi, Minister of Bahrain visiting NPL (1988)

Sir. S. Ramphal, Commonwealth Secretary General seen along with K. R. Narayanan, Minister of 
Science & Technology (1989)
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Dr. A. Guinier releasing special issue on “Pt. Nehru & NPL.” Also seen in the picture Dr. D. S. Kothari, Chancellor, JNU 
and Dr. Krishan Lal (1990)

Chandra Shekhar, Prime Minister of India inaugurating an International Workshop at NPL (1991)
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P. V. Narasimha Rao, Prime Minister of India on the CSIR Golden Jubilee Function at NPL (1991)

Dr. P. Rama Rao, Secretary, DST releasing Indian Reference Materials. Also seen are Dr. E. S. R. Gopal, Director, NPL, Dr. Krishan Lal 
and Dr. P. K. Gupta (1992)
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Dr. E. S. R. Gopal, Director, NPL exchanging Technology Transfer document of Glucose Bio-sensor to Samir Gupta 
of M/s Pulsatom Healthcare Pvt. Ltd., Bangalore. Also seen in the picture is Dr. B. D. Malhotra (1994)

The Rajiv Gandhi S & T Lecture by Dr. Charles H. Townes. Also seen are Ms. Sonia Gandhi, Dr. C. N. R. Rao and 
Dr. R. A. Mashelkar (1997)
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Dr. Y. K. Alagh, Minister for Science & Technology with Dr. R. A. Mashelkar, DG, CSIR at 
NPL Golden Jubilee Function (1997)

NPL-PTB Co-operation project closing ceremony function presided over by Dr. R. Chidambaram, Chairman, 
Research Council, NPL & Secretary, DAE (1998)
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Shanti Swarup Bhatnagar Prizes Award Function (2002)
L to R: Dr. Krishan Lal, Bachi Singh Rawat, Atal Behari Vajpayee, Prime Minister of India, Dr. M. M. Joshi and Dr. R. A. Mashelkar

Dr. M. V. S. Valiathan being felicitated by
Dr. A. K. Raychaudhuri, Director, NPL on the 
function of Krishnan Birth Centenary (1999)
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Dr. R. A. Mashelkar, DG, CSIR launching NPL website (2001)

Saudi Arabia delegation in NPL (2002)



1��

Dr. A. P. J. Abdul Kalam, President of India, visiting X-ray characterization laboratory (2003)

60th Birthday Celebration of Dr. R. A. Mashelkar, DG, CSIR in NPL (2003)
L to R: S. C. Garg, Dr. R. A. Mashelkar, Ms. Vaishali Mashelkar and Dr. Krishan Lal
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Dr. Vikram Kumar addressing the gathering at the concluding function of the CSIR Diamond 
Jubilee Celebration. Also seen in picture are Bachi Singh Rawat, Minister of State for S & T, 
K. C. Pant, Vice Chairman, Planning Commission and Dr. R. A. Mashelkar, DG, CSIR (2003)

Signing of MoU between General Motors R & D, USA, and NPL (2003)
L to R: Dr. Vikram Kumar, Dr. Alan Taub (ED, General Motors), Dr. B. G. Prakash, Sudhir Kumar and Dr. Anil K. Gupta
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Closing meeting of the peer review conducted at NPL for Josephson Voltage standards, DC standards and LF Impedence 
standards (2003)

Kelkar Committee under the chairmanship of Dr. Vijay Kelkar, Adviser to Minister of Finance, to review the economic impact 
of CSIR in Session (2003)
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Dr. Vikram Kumar, Director, NPL handing over Technology Transfer Document to Dr. R. A. Agrawal of Agrawal Orthopaedics. 
Also seen in the picture is N. K. Babbar (2004)

School Students Participating in CSIR Programme for Youth Leadership in Science (CPYLS) at NPL (2004)



1��

Exchange of MoU between Dr. Vikram Kumar, 
Director, NPL and Dr. S. G. Dhande, Director, 
IIT, Kanpur (2004)

Kapil Sibal, Minister of Science & Technology and Ocean Development, delivering an address at the CSIR Foundation Day in NPL (2004)
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Dr. Alan J. Heeger (NL) in NPL (2005)

Dr. Hideki Shirakawa (NL), Ms. Shirakawa with Sudhir Kumar, Joint Secretary, CSIR, Dr. Vikram Kumar and other 
senior scientists of NPL (2005)
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School students during NPL Open Day in NPL (2005)

Inaugural function of URSI XXVIIIth Gen. Assembly of International Union of Radio Science, organised by NPL (2005)
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Participants of the 22nd General Assembly of Asia Pacific Metrology Programme hosted by NPL (2006)

Dr. S. K. Joshi, Ex-DG, CSIR, inaugurating a symposium at NPL (2005)
L to R: Ms. S. Sharma, S. C. Garg, Dr. S. K. Joshi, Dr. Vikram Kumar and Dr. Anil K. Gupta
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Signing ceremony of MoU between NPL and KRISS, Korea, in the field of metrology (2006)

Sir Richard H. Friend being felicitated by Dr. T. Ramasami, Secretary, DST.
Also seen in the picture is Dr. Vikram Kumar, Director, NPL (2006)
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Evening Public Lecture by Dr. Anil Kakodkar, Secretary, Department of Atomic Energy during 18th AGM MRSI (2007)

Inauguration of National Conference on Radio Science on the occassion of Diamond Jubilee of Radio Science Division (2007)
L to R: S. C. Garg, Dr. A. P. Mitra, Dr. K. Kasturirangan, Dr. M. G. K. Menon, Dr. R. A. Mashelkar, Dr. F. Lefeuvre and Dr. Vikram Kumar
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Jose Manuel Silva Rodriguez, DG of the European Commission visiting NPL (2007)

Inauguration of 18th AGM of Materials Research Society of India (2007)
L to R: Dr. Anil K. Gupta, Dr. S. B. Krupanidhi, Dr. P. Rama Rao, chief guest and past president, MRSI,  

Dr. V. K. Aatre and Dr. Vikram Kumar
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Unveiling the plaque of Dr. K. S. Krishnan, the founder Director of NPL by Dr. Deepak Pental, Vice Chancellor, Delhi 
University. The event marked 60 years of Dr. Krishnan taking over as the first director of NPL, which was initially located at 
Physics Department, Delhi University. Also seen in the picture are Dr. A. P. Mitra, Dr. A. R. Verma, Dr. Vikram Kumar and 

other scientists of NPL and faculty members of Delhi University
(2007) 
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APPENDIX A 

PLAN FOR A
NATIONAL PHYSICAL 

LABORATORY
FOR INDIA

being the proposals formulated by the
National Physical Laboratory Planning Committee

of the Council of Scientific and Industrial Research 1946

Extracts from
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Chairman
Mr. Ghulam Mohammad,

C.I.E.

Members
S�r S. S. Bhatnagar,

O.B.E., D. Sc., (Lond.), F.R.S.,

D�rector, Sc�ent�f�c and Industr�al Research,

New Delh�.

Dr. Naz�r Ahmad,

O.B.E., Ph.D., (Cantab),

D�rector, Technolog�cal Laboratory,

Ind�an Central Cotton Comm�ttee,

Matunga, Bombay.

Dr. K. S. Kr�shnan,

D.Sc., F. R.S.,

Professor of Phys�cs,

Allahabad Un�vers�ty,

Allahabad.

Prof. G. R. Paranjpe,

M.Sc., A.I.I. Sc., I.E.S.,

Pr�nc�pal, Royal Inst�tute of Sc�ence,

Bombay.

Dr. H. J. Bhabha,

Ph.D., F.R.S.,

Professor of Theoret�cal Phys�cs and D�rector,

Tata Inst�tute of Fundamental Research,

Bombay.

Dr. Wal� Mohammad,

M.A., Ph.D., (Gott.), I.E.S., (Retd.),

Professor of Phys�cs,

Lucknow Un�vers�ty,

Lucknow.

Dr. Raf� Mohammad Chaudhr�,

M. Sc., Ph.D. (Cantab),

Professor of Phys�cs,

Musl�m Un�vers�ty,

Al�garh.

Mr. N. N. Sen Gupta,

M.Sc. A.R.I.C.,

D�rector, Government Test House,

Al�pore,Calcutta.

*Dr. M. N. Saha,

D.Sc., F.R.S.,

Pal�t Professor of Phys�cs,

Un�vers�ty of Calcutta,

Calcutta.

*Dr. D. M. Bose,

M.A., Ph.D.,

D�rector, Bose Research Inst�tute,

Calcutta.

Secretary
Dr. K. N. Mathur,

D.Sc., F.Inst.P., A.R.P.S.,

Ass�stant D�rector,

Nat�onal Phys�cal Laboratory (Plann�ng),

Counc�l of Sc�ent�f�c and Industr�al Research,

New Delh�.

THE COMMITTEE
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BRIEF HISTORY
 

The �dea of establ�sh�ng a Nat�onal Phys�cal Laboratory for 

Ind�a, wh�ch ex�sted �n a general way for some t�me, took 

concrete shape when the D�rector, Sc�ent�f�c and Industr�al 

Research, Dr. S�r Shant� Swarup Bhatnagar addressed a 

note on the September 2, 1��1 to the Hon’ble Member for 

Commerce �n wh�ch he stressed the des�rab�l�ty of establ�sh�ng 

a Central Laboratory wh�ch may later be d�v�ded �nto two parts 

– a Nat�onal Phys�cal Laboratory and a Nat�onal Chem�cal 

Laboratory.  The laborator�es of the D�rector, Sc�ent�f�c and 

Industr�al Research were or�g�nally located at the Government 

Test House, Calcutta, but the l�m�ted space ava�lable there 

put a restr�ct�on on the expans�on of the act�v�t�es of the new 

Department. Accord�ngly �n h�s note the D�rector, Sc�ent�f�c 

and Industr�al Research, put forward the follow�ng alternat�ve 

suggest�ons for the proposed expans�on of these laborator�es:

(a) Expans�on of the laborator�es on the present s�te of the  

 Government Test House and on the land s�tuated on the  

 other s�de of the road.

(b) Creat�on of a new laboratory on the s�te of the Hast�ngs  

 House, Calcutta.

(c) Bu�ld�ng a new laboratory on a s�te to be selected e�ther �n  

 old or New Delh�.

(d) Locat�on of the laborator�es �n a place w�th a better  

 cl�mate than that of Delh� or Calcutta

These proposals were under the cons�derat�on of the 

Government of Ind�a when Japan came �nto the war and the 

Government of Ind�a thought that the permanent act�v�t�es 

of th�s department m�ght w�th advantage be located �n Delh� 

and negot�at�ons were accord�ngly started for the acqu�s�t�on 

of land near the Imper�al Inst�tute of Agr�cultural Research 

on Pusa Road. Meanwh�le, under an arrangement arr�ved at 

w�th the Un�vers�ty of Delh�, the laborator�es of the D�rector, 

Sc�ent�f�c and Industr�al Research, were sh�fted from Calcutta 

and located �n the prem�ses of the Phys�cal and Chem�cal 

Laborator�es of the Un�vers�ty. 

The �dea regard�ng the establ�shment of a Nat�onal Phys�cal 

Laboratory and a Nat�onal Chem�cal Laboratory for Ind�a was 

brought to a head by a mot�on at the meet�ng of the Govern�ng 

Body of the Counc�l of Sc�ent�f�c and Industr�al Research held 

at Bombay on February 3, 1��3. At th�s meet�ng the Govern�ng 

Body dec�ded to set up Comm�ttees for the purpose of draw�ng 

up plans and est�mates. 

Need for a National Physical Laboratory

The Comm�ttee cons�dered the scheme for the establ�shment 

of a Nat�onal Phys�cal Laboratory for Ind�a tak�ng account of 

the var�ous aspects and was unan�mously of the op�n�on that 

for the growth of sc�ent�f�c and �ndustr�al research �n Ind�a and 

the development of �ndustr�es on sound sc�ent�f�c l�nes �t was 

essent�al to establ�sh a Nat�onal Phys�cal Laboratory as early 

as poss�ble. At present Ind�a does not possess any standard 

of length or mass, wh�ch could cla�m statutory acceptance or 

wh�ch could be dupl�cated w�th sc�ent�f�c prec�seness for the 

benef�t of �ndustry. There �s hardly any s�ngle agency �n the 

country wh�ch could act as referees �n the matter of Industr�al 

Standards nor �s there any Laboratory �n Ind�a where research 

work requ�red for the formulat�on or rev�s�on of Spec�f�cat�ons 

could be undertaken. The necess�ty of hav�ng such an 

�nst�tut�on �n th�s country �s abundantly clear. The want of such 

a Laboratory �n Ind�a has been felt for somet�me and w�ll be 

brought home more acutely after the war. 

...

...
Modern �ndustry also requ�res a large number of der�ved 

standards l�ke standard temperature scale, candle power, volt, 

ohm, ampere, etc., whose real�zat�on �n terms of the�r prec�se 

theoret�cal def�n�t�ons �s d�ff�cult and needs h�ghly spec�al�zed 

laboratory techn�que bes�des expens�ve �nstruments. These 

reference standards w�ll be much �n demand by the grow�ng 

�ndustr�es �n Ind�a, part�cularly the electr�cal and the sc�ent�f�c 

�nstruments �ndustry. There �s an urgent need for an �nst�tut�on 

where the performance of all types of sc�ent�f�c �nstruments, 

electr�cal measur�ng appl�ances, �nsulat�ng mater�als, sc�ent�f�c 

glassware, etc., could be tested and cert�f�ed. 

PLAN FOR A NATIONAL PHYSICAL 

LABORATORY FOR INDIA
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The Comm�ttee cons�dered �n th�s connect�on the �mportant 

funct�ons performed by the Nat�onal Phys�cal Laboratory �n 

Great Br�ta�n, the Nat�onal Bureau of Standards �n the Un�ted 

States of Amer�ca and s�m�lar �nst�tut�ons �n Germany and 

other countr�es l�ke Canada and Austral�a. These �nst�tut�ons 

have rendered yeoman serv�ce to the sc�ent�f�c and �ndustr�al 

development of those countr�es and the comm�ttee felt that 

the absence of s�m�lar fac�l�t�es �n Ind�a was a cons�derable 

hand�cap to sc�ent�f�c and �ndustr�al development. In order 

to ma�nta�n and accelerate the Industr�al progress of Ind�a 

dur�ng the post-war per�od, �t was necessary, �n the op�n�on of 

the Comm�ttee, that early steps should be taken to establ�sh a 

Nat�onal Laboratory for Ind�a. The Comm�ttee were also aware 

that proposals for the establ�shment of a Nat�onal Chem�cal 

Laboratory were well advanced and, �n th�s connect�on, 

cons�dered �t necessary to record the�r v�ew that the progress 

of �ndustry can be ma�nta�ned only �f there was s�multaneous 

development of Phys�cal as well as Chem�cal act�v�ty, as the 

one would be �ncomplete w�thout the other.

1. Need

In order to ma�nta�n and accelerate the Industr�al progress of 

Ind�a dur�ng the post-war per�od the Comm�ttee cons�ders �t 

necessary that �mmed�ate steps should be taken to establ�sh a 

Nat�onal Phys�cal Laboratory for Ind�a.

2. Functions

The essent�al funct�ons of the proposed Nat�onal Phys�cal 

Laboratory are broadly to be as follows: (a) Ma�ntenance of 

and research on Fundamental and Der�ved Standards; (b) 

Research on Industr�al Standards of Qual�ty, Performance and 

Pract�ce; (c) Invest�gat�on of Raw Mater�als; (d) Standard�sat�on 

of Raw Mater�als, processes and f�n�shed goods; (e) Explorat�on 

of the pract�cal appl�cat�ons of the new results of fundamental 

research; (f) Fram�ng of and adv�ce on Spec�f�cat�ons; (g) 

Sc�ent�f�c and Industr�al Test�ng; (h) Publ�cat�on.

3. Location

The Comm�ttee’s recommendat�on for locat�ng the laboratory 

at Delh� has been accepted by the Counc�l of Sc�ent�f�c and 

Industr�al Research. 

4. Divisions

The laboratory should compr�se the follow�ng d�v�s�ons:

(1) We�ghts & Measures

(2) Appl�ed Mechan�cs and Mater�als

(3) Heat & Power

(�) Opt�cs

(�) Electr�c�ty

(6) Electron�cs and sound

(7) Bu�ld�ng and Hous�ng Research

(�) Hydraul�cs Research

(�) Analyt�cal Chem�stry

In add�t�on to the above the Laboratory should ma�nta�n 

(�) L�brary and Research Informat�on serv�ce; (��) Central 

Workshops, compr�s�ng a Draw�ng off�ce, Mechan�cal and 

Electr�cal shops, and Glass blow�ng and work�ng shops; and, 

(���) Adm�n�strat�ve Off�ces.

The D�v�s�on of “We�ghts and Measures” �s recommended to 

be the legal custod�an of the fundamental standards of mass, 

length and t�me. Opt�cal, electr�cal, rad�o and other standards 

w�ll be the respons�b�l�ty of the d�v�s�ons concerned. 

5. Research

The Nat�onal Phys�cal Laboratory should be requ�red to 

undertake research on subjects broadly fall�ng �n the follow�ng 

categor�es. 

(�) Research on Standards

(��) Research on Appl�ed Phys�cs

(���) Fundamental Sc�ent�f�c Research, ar�s�ng out of �ts work 

under (�) and (��)

The Comm�ttee lays great value on close l�a�son w�th the 

research act�v�t�es of the Un�vers�t�es and recommends that 

Un�vers�ty teachers and other research workers should be 

SUMMARY OF RECOMMENDATIONS
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prov�ded fac�l�t�es for work at the Nat�onal Phys�cal Laboratory 

on spec�al problems.

Pend�ng the development of Research Assoc�at�ons and 

�nst�tut�ons �n Ind�a the laboratory �s expected to perform also 

those research funct�ons, wh�ch are ord�nar�ly undertaken by 

�ndustry research assoc�at�ons �n the Un�ted K�ngdom and 

elsewhere. 

6. Test House

The Government Test House, Calcutta should �n the op�n�on of 

the Comm�ttee become an �ntegral part of the Nat�onal Phys�cal 

Laboratory but should cont�nue to funct�on as an autonomous 

un�t at Calcutta. Its relat�ons w�th and �ts act�v�t�es �n respect 

of the Nat�onal Phys�cal Laboratory are demarcated after 

cons�der�ng by the Comm�ttee. Establ�shment of other Test 

Houses at su�table �ndustr�al centres �s recommended.

7. Staff

The follow�ng staff �s recommended:

(1) D�rector of the Laboratory

(2) Ass�stant D�rectors, one to be �n charge of each D�v�s�on,  

 except �n the D�v�s�ons of Bu�ld�ng and Hous�ng Research  

 and of Hydraul�cs Research where Spec�al�st Off�cers may  

 have to be appo�nted. 

(3) Sen�or Sc�ent�f�c Off�cers, Jun�or Sc�ent�f�c Off�cers and  

 Sc�ent�f�c Ass�stants attached to each d�v�s�on. 

(�) Laboratory, Workshop, and Adm�n�strat�ve staff. 

8. Buildings and Equipment

Bu�ld�ngs and equ�pment should be of the most modern type 

and a�r-cond�t�on�ng should be carr�ed out where feas�ble. 

Deta�led plans of the bu�ld�ngs are recommended to be drawn 

up �n consultat�on w�th arch�tects. Deta�ls are g�ven of the 

approx�mate space requ�rements for the d�fferent d�v�s�ons and 

sect�ons of the Laboratory. 

9. Residential Accommodation and Social 
Amenities

The staff and workers of the Laboratory should be prov�ded 

w�th res�dent�al quarters near the Laboratory. Soc�al amen�t�es 

l�ke Common Rooms, Soc�al Club, Guest House etc., are 

recommended. 

10. Costs 

The cap�tal costs for the Laboratory at Delh� are est�mated to 

be Rs. 2�.7� lacs on pre-war pr�ces and Rs. �0.1� lacs on 

the present day pr�ces of the bu�ld�ng mater�als. The recurr�ng 

expend�ture �s expected to be approx�mately Rs. 7 lacs per 

annum �n the f�rst year, �ncreas�ng to Rs. � ½ lacs �n f�ve 

years. An add�t�onal “development grant” of Rs. 3 lacs �s 

recommended. Aga�nst th�s the Comm�ttee expect an �ncome 

from Test�ng fees, Research grants, Royalt�es, consultat�on 

and techn�cal adv�ce, wh�ch may be est�mated conservat�vely 

at Rs. 3 to � lacs �n course of t�me.  
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I cons�der that the major role of the Nat�onal Phys�cal 

Laboratory (NPL) over the next decade should be �n the 

f�eld of standards and test�ng of commerc�ally manufactured 

�nstruments, equ�pment and apparatus. Th�s was, of course, 

a major part of the early work of the Br�t�sh NPL and st�ll �s. 

At present, the ma�ntenance of standard and test�ng �n the 

Ind�an NPL �s spread over the follow�ng d�v�s�ons: We�ghts & 

Measures, Acoust�cs, Heat & Power, Electr�c�ty, Electron�cs, 

Appl�ed Mechan�cs and Opt�cs. It would seem advantageous 

to group together �n one powerful d�v�s�on all the work both 

on the ma�ntenance of standards and on the rout�ne test�ng 

of �nstruments. These sect�ons should be phys�cally grouped 

together �n one w�ng of the laboratory under a s�ngle D�rector, 

preferably w�th no other respons�b�l�t�es. In the past there has 

been a del�berate pol�cy of avo�d�ng rout�ne test�ng. Th�s I feel 

should be reversed. 

The D�rector should a�m at persuad�ng the new �ndustr�es of 

Ind�a to make the greatest poss�ble use of the NPL to cert�fy 

the accuracy of the�r products. Only when conf�dence has 

been establ�shed throughout the world of Ind�an sc�ence and 

technology �n the accuracy and rel�ab�l�ty of Ind�an �nstruments 

w�ll �t be poss�ble for them to d�splace fore�gn �mports to the 

laborator�es and manufactur�ng plants of Ind�a, and then 

to break �nto fore�gn markets. By v�gorous publ�c�ty and 

adm�ss�on, the manufactur�ng f�lms must be persuaded to 

send a large fract�on of the�r output for cert�f�cat�on at the NPL 

and the potent�al purchaser must equally be persuaded that 

the extra cost of buy�ng a balance, set of we�ghts, ammeters, 

voltmeters, thermometers, stopwatches, gauges, capac�tors, 

�nducters, etc., wh�ch have �nd�v�dual NPL cert�f�cate �s worth 

the extra cost. 

If th�s programme of educat�on of �ndustry �s successful, a great 

�ncrease of test�ng work at the NPL w�ll be requ�red and the 

organ�zat�on of the Standards & Test�ng D�v�s�on must be such 

as to compete w�th th�s �n the most modern and eff�c�ent way, 

w�th the m�n�mum of manpower. Charges to �ndustry should be 

h�gh enough to make �ndustr�al�sts bel�eve �n the value of an NPL 

Cert�f�cate and that the cost of the cert�f�cate w�ll be recoverable 

�n a h�gher sell�ng pr�ce. The Standards & Test�ng D�v�s�on as 

a whole m�ght well a�m eventually to cover a very apprec�able 

fract�on of �ts cost by rece�pts from cert�f�cat�on. The personnel 

of the D�v�s�on should be made cost consc�ous, encouraged to 

develop qu�cker and cheaper methods of test�ng, and should 

part�c�pate �n the dr�ve to get more bus�ness. Cooperat�on w�th 

the Ind�an Standards Inst�tut�on should be close. Government 

act�on to make some type of cert�f�cat�on compulsory m�ght be 

cons�dered. 

In my v�ew �t would be w�se for the work on the ma�ntenance 

of standards, as opposed to test�ng, should be generally kept 

at the convent�onal and pract�cal level and not, at present at 

any rate, �nclude expens�ve research work on �mprov�ng the 

accuracy of the fundamental standards by the use of advanced 

phys�cal methods. 

Effect on certa�n ex�st�ng d�v�s�ons of concentrat�on of standards 

and test�ng �n a s�ngle d�v�s�on and all bas�c work �n another. 

When th�s transfer has been planned �n deta�l, a careful 

survey w�ll have to be made of what rema�ns of the follow�ng 

d�v�s�ons: 

(1) We�ghts & Measures

(2) Appl�ed Mechan�cs

(3) Heat & Power

(�) Electr�c�ty

(�) Electron�cs

(6) Acoust�cs

(7) Opt�cs

In some �t may be found that so l�ttle of value rema�ns after the 

two transfers as to, more or less, l�qu�date the d�v�s�on – perhaps 

to be started aga�n w�th new personnel and object�ves at some 

later date. In other cases a substant�al and valuable core w�ll 

rema�n, wh�ch would deserve strengthen�ng and expans�on. 

Much deta�led study w�ll be needed.

PROPOSED MAJOR CHANGES

MINOR CHANGES CONSEQUENTIAL ON 
THE PROPOSED MAJOR CHANGES 
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Your Excellencies, Your Highnesses, Ladies and Gentlemen

I have great pleasure on behalf of the Government of Ind�a and the Counc�l of Sc�ent�f�c Research 

to welcome you on th�s occas�on when we are open�ng another of our b�g laborator�es. In part�cular 

I most cord�ally welcome the em�nent men and women of sc�ence who are grac�ng the occas�on 

by the�r presence. We are �ndeed very grateful to them for hav�ng come from such long d�stances 

and for th�s express�on of fellowsh�p �n a great common cause. 

Hav�ng tendered my cord�al greet�ngs to the d�st�ngu�shed guests, I must express my apprec�at�on 

of the zeal, forethought and energy of that l�ve w�re go�ng by the name of Shant� Swarup Bhatnagar. 

H�s des�re for ach�evement �n sc�ent�f�c organ�zat�on �s tremendous. The cause of advancement of 

sc�ence �n Ind�a has found �n Dr. Bhatnagar a great organ�ser.

Dr. K. S. Kr�shnan �s one of the b�g men of sc�ence who are Ind�a’s pr�de. He �s �n charge of 

th�s Laboratory and there are other em�nent men assoc�ated w�th h�m. To Dr. Kr�shnan and h�s 

colleagues I g�ve my best w�shes. The�r love of sc�ence for �ts own sake w�ll susta�n them through 

every d�ff�culty. Dr. Bhatnagar w�ll, �n h�s speech, g�ve the story of the �nst�tut�on whose permanent 

hab�tat�on and home we are open�ng today w�th your perm�ss�on and bless�ngs. 

The Deputy Pr�me M�n�ster, whose respons�b�l�ty for Home Affa�rs covers a w�de range of act�v�t�es, 

w�ll do the ceremony of open�ng the Laboratory where�n, among other th�ngs, perhaps new terrors 

may be d�scovered for the r�otous and d�sorderly elements of soc�ety to strengthen the Home 

M�n�ster’s hands and the hands of all those who are �nterested �n orderly progress.

There are people who would say, “Why waste money on costly adventures �n sc�ence or on f�ne 

arts or on tombs and temples and churches and fest�vals, when we have so much to do and so 

l�ttle money to spare?” Lord Curzon, one of my much d�sl�ked predecessors, speak�ng on the 

Anc�ent Monuments B�ll sa�d: 

“S�nce I came to Ind�a we have spent upon repa�rs at Agra alone, a sum of between £�0,000 and 

£�0,000. Every rupee has been an offer�ng of reverence to the past and a g�ft of recovered beauty 

Address by His Excellency SRI C. RAJAGOPALACHARI, Governor General of IndiaAddress by His Excellency SRI C. RAJAGOPALACHARI, Governor General of India
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to the future; and I do not bel�eve that there �s a taxpayer �n th�s country who w�ll grudge one anna 

of the outlay.”

Th�s �s a very f�ne utterance wh�ch we should ponder ever. There are many th�ngs wh�ch �nd�rectly 

help progress and are no less �mportant than works of d�rect ut�l�ty. Money spent on fa�rs and 

fest�v�t�es, we should know, �s money �nvested for law and order.  Money spent on fundamental 

research �s not money wasted on empty prest�ge but �s a good and necessary �nvestment wh�ch 

progress�ve nat�ons do well not to grudge. When we reach a cr�t�cal po�nt �n anyth�ng, �t �s only 

sc�ence that can help. Take for �nstance the problem of food �n Ind�a. It would be wonderful �f 

research could help us to develop a stra�n of r�ce that has shed �ts wasteful �nher�ted hab�t of 

wallow�ng neck-deep �n water. Some plant-expert w�ll one day produce a var�ety wh�ch w�ll y�eld 

paddy of good qual�ty but emanc�pated from th�s wasteful hab�t of want�ng more water than �t 

requ�res. We may then be enabled to ra�se an abundant crop of r�ce of good qual�ty w�thout 

g�gant�c �rr�gat�on works. Where there �s plenty of ra�n, let the old r�ce-plant carry on wallow�ng l�ke 

the buffalo �n water, but where there �s not much ra�n, we may have another k�nd of r�ce-plant wh�ch 

w�ll y�eld all we want but not demand water beyond what �t requ�res to bu�ld �ts t�ssues. In Canada, 

the wheat-breed�ng experts worked pers�stently unt�l they got, by chance, at a seed wh�ch coped 

w�th the frost better than the normal var�et�es and the w�dth of cult�vat�on was at once extended 

northwards by a few m�les. Extens�on by a few m�les northwards gave a vast breadth of wheat 

f�elds stretch�ng across the whole cont�nent. 

Th�s, and other such th�ngs, cannot be done unless we encourage research, g�v�ng �t uttermost 

freedom. Even the Co�mbatore sugarcane var�ety came, I bel�eve, by a k�nd of an acc�dent. 

Sc�ence w�ll not be a slave �n cha�ns. True to fem�n�ne type, the Goddess of Sc�ence rejects the 

d�rect mercenary approach and prefers to be grac�ous by her own cho�ce and only when you 

approach her for her own sake. If we l�m�t the efforts and operat�ons of sc�ent�f�c men str�ctly 

w�th�n ut�l�tar�an plans and schemes, we may make small and useful rout�ne ach�evements, but the 

b�ggest d�scover�es never come that way. They come, so to say, by acc�dent and �nd�rectly, and 

then the d�scovery produces an enormous g�ft for human progress and happ�ness.  I do not bel�eve 

that �n 1��� when X-rays came to be d�scovered – I was then a lad at college and I remember 

my professor show�ng me the back of h�s hands made ha�rless by work�ng w�th the new rays – I 

do not bel�eve anybody could have then �mag�ned all the wonderful purposes assoc�ated w�th 

med�cal help �n wh�ch these rays have been progress�vely found to ass�st. It would be unw�sdom 

to l�m�t sc�ent�f�c research. It �s a good �nvestment to g�ve as much money as we can to em�nent 

men devoted to the cause of search�ng for Truth. Men engaged �n great sc�ent�f�c research belong 

to the same as our old R�sh�s. 

Of course, I am not unaware that somet�mes these d�scover�es of fundamental sc�ent�sts can 

be se�zed by Satan for �nfl�ct�ng more m�ser�es on man than he �s now subjected to, and �n th�s 

respect the atom has been a great offender. At one end, poor E�nste�n �s work�ng on the Expand�ng 

Un�verse and g�v�ng us equat�ons wh�ch are h�eroglyph�cs to me but must be wonderful joy to 

mathemat�c�ans. E�nste�n’s Expand�ng Un�verse can do us no great �mmed�ate damage. There �s 

no harm �n these equat�ons. At the other end, however, these em�nent sc�ent�sts who worsh�p at 
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the altar of the Inf�n�tes�mal, have brought the world prec�p�tously near to destruct�on. The offender, 

however, �s not really the Atom. It �s the bus�ness of statesmen to agree to prevent the m�suse of 

Truth.

Research �s most often a game of f�nd�ng the needle �n the hay-stack. Sc�ent�sts may seem to 

be �dl�ng the�r t�me and wast�ng plenty of money. But the needle can be found by someone only 

�f many are engaged �n seem�ngly prof�tless work. Of course we should not have whole-hearted 

�dlers. It �s perm�tted for sc�ent�sts to seem to be �dle. There are real �dlers, too, who should be 

ostrac�sed. The search for Truth must go on and Ind�a should put �n her share of work �n Sc�ence 

and take her share of fame �n return. If the sc�ent�sts of Ind�a make up the�r m�nds, they can ra�se 

Ind�a’s prest�ge to a degree wh�ch w�ll more than make up for any fa�lure or defects �n other f�elds. 

There �s no med�um for �nternat�onal prest�ge as effect�ve as sc�ent�f�c research. Our laborator�es 

are our best embass�es. 

There are, then, people who look on Sc�ence as an enemy to Rel�g�on. Noth�ng can be farther from 

truth or more unjust�f�ed. Sc�ence, that �s Truth, �s an enemy to supers�t�t�on but not to rel�g�on. The 

anc�ent R�sh�s of Ind�a d�d not th�nk so. They sa�d �n �mmortal words:

 

 Satyameva jayate naanartham

 Satyena panthaa vitate devayaanah

 Yenaakramanti rishayohyaaptakaamaa

 Yatra tatsatyasya paramam nidhaanam

“Truth w�ns ever, and not untruth. W�th truth �s paved the D�v�ne road on wh�ch walk the R�sh�s 

w�th des�re quenched to reach the Supreme Abode.” Th�s emphat�c dependence on Truth �s the 

dom�nat�ng character�st�c of the teach�ng of Ind�an Seers. A superf�c�al knowledge of the laws of 

Nature and the wonders of Sc�ence espec�ally when that knowledge �s acqu�red second-hand 

w�thout the chasten�ng �nfluence of effort and �nvest�gat�on, may act as a w�ne on some natures. 

But those who struggle to obta�n a deeper knowledge of the phys�cal sc�ences automat�cally 

develop towards the mystery of the Un�verse, an att�tude of reverence wh�ch �s the essence of 

Rel�g�on. 

“Flower �n the crann�ed wall’ sang Tennyson. “  I pluck you out of the crann�es. I hold you here, root 

and all, �n my hand, l�ttle flower. But �f I could understand what you are, root and all, and all �n all, 

I should know what God and Man �s.”

Men of sc�ence, on account of the�r very knowledge of some of the secrets of Nature, contemplate, 

w�th �ncreased hum�l�ty and reverence, that wh�ch must ever rema�n outs�de the pale of human 

analys�s. 

May the love of Truth for �ts own sake and the sp�r�t of �nvest�gat�on �n all �ts v�gour and the 

good w�shes of all those assembled here on th�s occas�on �nsp�re those who w�ll work �n th�s 

Laboratory.
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Exactly three years ago, as some of my hearers may remember, I had the pr�v�lege of address�ng a 

large assemblage of �nhab�tants of th�s c�ty and the sc�ent�sts gathered together from all parts of the 

world to w�tness the foundat�on-stone lay�ng ceremony of th�s beaut�ful bu�ld�ng by our d�st�ngu�shed 

Pr�me M�n�ster. Then came the Part�t�on and the dark days of d�sturbances. The bu�ld�ng operat�ons 

began exactly two years ago and cons�der�ng the bottlenecks �n the execut�on of any programme 

of development and construct�on dur�ng the per�od wh�ch has elapsed, the appearance of th�s 

magn�f�cent structure has been a un�que performance wh�ch has won the adm�rat�on of sc�ent�sts 

and eng�neers �nclud�ng those of the Central Publ�c Works Department.   

In 1��1, I made known to the Government that the comb�ned phys�cal and chem�cal laboratory of 

wh�ch I was then D�rector was wholly �nadequate for meet�ng the needs of sc�ent�f�c developments 

�n the new Ind�a and I placed my recommendat�ons before the then Government for an early 

establ�shment of a Nat�onal Chem�cal and a Nat�onal Phys�cal Laboratory. It took two years for that 

Government to accept the proposal; and when accepted, the funds allotted for these laborator�es 

were to be g�ven spread over four or f�ve years after the War. Those who know what sk�ll and pat�ence 

�s needed to get any grant from the F�nance Department w�ll well real�ze the d�ff�cult�es through wh�ch 

we had to pass. S�r Jeremy Ra�sman was then member-�n-charge of F�nance and I told h�m one day 

qu�te ser�ously that Ind�a w�ll accuse h�m of do�ng everyth�ng poss�ble to lose the War �n the most 

econom�cal manner �f he d�d not help the movement for encouragement to sc�ence �n the country! 

Wh�le the att�tude of the present nat�onal Government �s certa�nly more helpful, �t cannot be sa�d that 

suff�c�ently large sums of money have been g�ven by the Government to develop Ind�an sc�ence to 

the stature to wh�ch she should r�se �f Ind�a �s to play her leg�t�mate role as an �mportant free country 

�n the world. The rumour that sc�ent�f�c research has suffered no cuts �n the budget �s �ncorrect. We 

had to suffer equally w�th the others.

It was only �n 1��� that some funds were made ava�lable and a Plann�ng Comm�ttee was appo�nted, 

wh�ch prepared the �n�t�al plans. In prepar�ng th�s plan, I and some members of the Plann�ng 

Comm�ttee had the advantage of the exper�ence, wh�ch we ga�ned when we v�s�ted U. K. and U. S. 

A. �n 1���-�� as guests of the U. K. and the U.S.A. Governments respect�vely. We made a spec�al 

study of the new des�gns and equ�pment �n the U. S. A. �n such laborator�es as the Bell Telephone 

Company’s Laboratory, the R. C. A. Laboratory, the North-Western Un�vers�ty Laborator�es and the 

Carneg�e Inst�tute �n P�ttsburg, the M. I. T., the Caltech, the Mellon Research Inst�tute and the four 
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famous reg�onal laborator�es of the U. S. A. The plans were placed before Messrs. Master, Sathe 

& Bhuta, famous Bombay arch�tects, who have also des�gned our Nat�onal Chem�cal Laboratory, 

wh�ch was recently opened at Poona by the Pr�me M�n�ster, and these two bu�ld�ngs have enhanced 

the�r reputat�on as arch�tects of sk�ll and �ntegr�ty �n Ind�a. 

The ma�n features of the bu�ld�ng are prov�s�on of a�r cond�t�on�ng, flex�b�l�ty wh�ch allows a change 

�n the s�zes of rooms �n steps of s�x feet un�ts at w�ll, a long basement wh�ch serves as a store as 

well as a tunnel for protected serv�ces such as gas, steam, electr�c�ty and compressed a�r. These 

serv�ces l�e vert�cally �n every room �n the Laboratory w�thout w�nd�ng themselves round the walls 

and corr�dors, thus sav�ng lakhs of rupees and prov�d�ng means of �ntroduc�ng any new serv�ce 

l�nes wh�ch may be necessary, w�thout hav�ng to d�g �nto the walls and floors of the rooms. We have 

a temporary workshop, wh�ch �s fa�rly good, but a splend�d workshop �s near�ng complet�on and we 

have selected a Czechoslovak�an expert to be �n charge of �t. We hope to be able to manufacture 

all k�nds of �nstruments we need ourselves. We shall be glad to help advanced research workers 

�n un�vers�t�es and Governments by g�v�ng them the gu�dance of our experts and the use of our 

equ�pment for anyth�ng d�ff�cult wh�ch they cannot make themselves. 

Our enl�ghtened Counc�l of Sc�ent�f�c and Industr�al Research was al�ve to the need of a su�table 

D�rector as, w�thout such a man, the bu�ld�ngs alone m�ght degenerate �nto a body w�thout a soul. 

Your Excellency who was then the Hon’ble M�n�ster-�n-charge of the Counc�l of Sc�ent�f�c and 

Industr�al Research would recollect my great anx�ety to select a su�table man so that we may have 

h�s v�ews also on the plans, although we had consulted men of the em�nence of S�r Charles Darw�n, 

Professor Tyndall, Dr. E. U. Condon, D�rector of the Bureau of Standards �n Wash�ngton who �s 

fortunately present w�th us today and h�s predecessor Dr. Lymann Br�ggs. 

Ind�a has d�st�ngu�shed herself �n phys�cs and has prov�ded a major�ty of Ind�an Fellows of the Royal 

Soc�ety and a Nobel Laureate. I was certa�n that we w�ll not have to go out of the country to get an 

expert to gu�de the dest�n�es of th�s Laboratory.  We selected unan�mously Dr. K. S. Kr�shnan, F. R. 

S., our d�st�ngu�shed fr�end and colleague, for th�s post. I w�sh to recall w�th grat�tude the help Your 

Excellency gave �n th�s connect�on. And what a f�ne select�on we have made, for S�r K. S. Kr�shnan’s 

fame as a phys�c�st transcends the l�m�ts of th�s country. In Ind�an phys�cs the most sensat�onal 

d�scovery for wh�ch S�r C. V. Raman was awarded the Nobel Pr�ze �s the Raman Effect. As we all 

know, our d�st�ngu�shed D�rector was most �nt�mately assoc�ated w�th th�s d�scovery. He �s a scholar 

of em�nence and yet h�s gen�us does not or�g�nate �n mental eccentr�c�t�es. Its po�se and depth rest 

on the sol�d foundat�on of �nnate culture and a balance w�thout wh�ch co-operat�ve effort �n research 

�s an �mposs�b�l�ty. 

My pr�de �s that, w�th the help of our Government and the people, I have succeeded �n creat�ng 

a ladder and �n plac�ng a sure-footed and tr�ed leader on the f�rst rung. The f�rst rung of a ladder 

�s a place of rest�ng for no one. It only holds a man’s foot long enough to enable h�m to put the 

other somewhat h�gher and I have fa�th and conf�dence �n our D�rector’s ab�l�ty to cl�mb up h�gher 

and h�gher t�ll Ind�a’s Nat�onal Phys�cal Laboratory reaches that p�nnacle of ach�evement wh�ch 

d�st�ngu�shes our H�malayan peaks from the rest of the mounta�ns of the world. 
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Dr. K. N. Mathur, Ass�stant D�rector and Off�cer-�n-charge of Plann�ng, has worked w�th extraord�nary 

devot�on. Every br�ck �n th�s bu�ld�ng cla�ms fam�l�ar�ty w�th th�s devoted off�cer. Dr. Mathur comb�nes 

�n h�m the exactness of a phys�c�st and the �mag�nat�on of an art�st. The country owes h�m a deep 

debt of grat�tude for th�s noble bu�ld�ng. We have been old collaborators �n the f�eld of magneto-

chem�stry and I w�sh to congratulate h�m personally for the sol�d contr�but�on he has made to the 

progress of sc�ence �n th�s country. 

I am also glad to pay my tr�bute of thanks to Messrs. D. C. Sanon and J. L. Pur� of the Northern 

Construct�on Co. who are our contractors for the work of construct�on. They have not behaved as 

contractors usually do. They have looked upon th�s work as nat�onal serv�ce and have g�ven a great 

deal of t�me and thought to see�ng that operat�ons of construct�on are carr�ed out eff�c�ently and 

sw�ftly. The Counc�l’s arch�tects Mr. A. P. Kanv�nde and Mr. Shaukat Ra� have also rendered valuable 

serv�ces. I have spec�al reasons to thank Mr. Y. N. Sukhthankar and Mr. M. D. Sethna of the M�n�stry 

of Transport who have ungrudg�ngly helped us �n the matter of petrol supply and goods movement. I 

must also thank the D�sposals D�rectorate, espec�ally Mr. S�vasankar, for the�r help �n the procurement 

of suppl�es from Surplus Stores. Our greatest tr�umph has been the handp�ck�ng of apparatus from 

the Surplus Stores of the U. K. -- thanks to S�r Stafford Cr�pps. Through h�m we got �n there before any 

Br�t�sh un�vers�ty could reach, and the f�ne collect�on �n the basement of the Laboratory w�ll prove to 

you what we sc�ent�sts can accompl�sh when we get a chance of go�ng abroad. 

The ma�n funct�ons of the Laboratory, namely, ma�ntenance of Fundamental and Der�ved Standards 

and Appl�ed & Pure Phys�cs have been fully descr�bed before. 

The work of the Laboratory w�ll be carr�ed �n the follow�ng n�ne D�v�s�ons:

1. We�ghts and Measures

2. Appl�ed Mechan�cs & Mater�als

3. Heat and Power 

�. Opt�cs 

�. Electr�c�ty

6. Electron�cs & Sound

7. Bu�ld�ng and Hous�ng Research

�. Hydraul�c Research

�. Analyt�cal Chem�stry 

Bes�des these n�ne d�v�s�ons �n the or�g�nal plan, a tenth d�v�s�on on Industr�al Phys�cs has been 

added to the Laboratory. The Nat�onal Phys�cal Laboratory w�ll g�ve that st�mulus to the development 

of �ndustry, wh�ch �n the past appears to have been a prerogat�ve of the subject of chem�stry. In 

fact, phys�cs �s prov�ng so useful to �ndustry that �t seems to have already caught up w�th chem�stry 

and �f eng�neer�ng �s to be classed as appl�ed phys�cs, I venture to say that �t has already beaten 

chem�stry. 

One aspect of fundamental research work, wh�ch can hardly be neglected �n Ind�a, �s that wh�ch 

requ�res spec�al�zed large-scale laborator�es. Dur�ng recent years, and part�cularly dur�ng the 
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last World War, organ�sat�on of sc�ent�f�c work has undergone vast changes. Not only does some 

of the present type of work requ�re large-scale spec�al�sed organ�sat�ons well outs�de the scope 

of un�vers�ty work, but also expend�ture of large sums of money, wh�ch could only be just�f�ed 

�f d�vers�f�ed, co-ord�nated and regulated appl�cat�on and profess�onal cont�nu�ty of work are 

guaranteed.  Th�s �s not usually poss�ble �n the un�vers�t�es where teach�ng and research necessar�ly 

go hand �n hand and are essent�ally preparatory. Research work there, �s bound to be scrappy, 

d�scont�nuous and un-coord�nated. I may be perm�tted to quote here from an art�cle by Dr. Lee 

A. Dubr�dge who �s now Pres�dent of the Cal�forn�a Inst�tute of Technology and who dur�ng the 

war was D�rector of the Rad�at�on Laboratory at the Massachusetts Inst�tute of Technology wh�ch 

had such a lot to do w�th the conduct of atom�c energy development �n the U. S. A. D�scuss�ng 

the �mportance of large research laborator�es, Dr. Dubr�dge says “………. �t should be clear that 

�ndependent laborator�es w�ll have as the�r major fac�l�t�es only those very large �nstallat�ons wh�ch, 

as far as can be foreseen, are beyond what a s�ngle un�vers�ty could contemplate operat�ng – or 

wh�ch, because of shortage of mater�al or funds, not more than one or two un�vers�t�es �n any area 

could have.” So, I, for one, look forward w�th keen �nterest to a great new exper�ment �n phys�cal 

research. Those who long for the old days w�th lone worker �n the damp basement room w�th h�s 

wax and str�ng and glass-blow�ng torch, can have them. I bel�eve that the essent�al sp�r�t of the old 

days – freedom of enqu�ry and t�me for thought – can be obta�ned even �n the pressure of great 

new phys�cal and organ�sat�onal techn�ques. It �s a fact that fundamental research �tself has now 

become a huge organ�sed �ndustry �n �tself. 

Many problems of �ndustry and even pure phys�cs are such as requ�re for the�r solut�on the 

techn�que of more than one branch of phys�cs and somet�mes calls for team-work �n all the 

branches. A collect�on of experts �n the var�ous d�v�s�ons w�ll make th�s teamwork a poss�b�l�ty �n 

th�s laboratory. The f�rst exper�ence of the success of teamwork �n sc�ence was not�ced dur�ng the 

War. Its appl�cat�on to �ndustry and human progress has st�ll greater poss�b�l�t�es. Ind�a’s young 

men are full of enthus�asm for serv�ce and the nat�onal laborator�es prov�de a fert�le f�eld of work 

for them, prov�ded the�r bas�c educat�on has been sound and d�st�ngu�shed. 

The Counc�l of Sc�ent�f�c and Industr�al Research has several endowments g�ven to �t by �ndustry. 

The mun�f�cent g�fts of Rs. 11.70 lakhs for the Nat�onal Metallurg�cal Laboratory and Rs. �.30 

Lakhs for the Nat�onal Chem�cal Laboratory from the Tata House, Bombay; Rs. 1 lakh from S�r 

Inder S�ngh of Ind�an W�re & Steel Products for the Nat�onal Metallurg�cal Laboratory; Rs. 1� Lakhs 

from Dr. Alagappa Chett�ar; Rs. 1� Lakhs from the S�lk Industry and numerous other donat�ons of 

land and money are �nd�cat�ve of a r�s�ng conv�ct�on amongst �ndustr�al�sts �n Ind�a that they must 

help Sc�ence. The greatest ach�evement of wh�ch the Counc�l of Sc�ent�f�c and Industr�al Research 

and the Department of Sc�ent�f�c Research can be justly proud �s that they have succeeded �n 

creat�ng enthus�asm amongst young Ind�an sc�ent�sts for ded�cat�on of the�r l�ves to research and 

an awaken�ng amongst �ndustr�al�sts that the�r work of serv�ce can be helped by sc�ence. At no 

t�me �n the h�story of Ind�a was th�s enthus�asm so great as now and th�s can be d�rectly traced to 

the keen �nterest our g�fted Pr�me M�n�ster has taken �n the progress of sc�ence and technology. 

H�s last speech urg�ng upon �ndustr�al�sts to speed up the�r �nterest �n sc�ence has evoked nat�on-

w�de �nterest and we have heard from a very d�st�ngu�shed �ndustr�al�st of Ind�a �n wh�ch he 
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prom�ses the utmost help from �ndustr�al�sts �n all d�rect�ons. I venture to say that a great many 

problems of poverty, d�sease and food can be solved �f the sc�ent�f�c approach to the solut�on 

of these problems �s followed up. We may not be able to get you wagons or jute held up by a 

ne�ghbour�ng country by the sc�ent�f�c method but we can suggest better modes of transport and 

cult�vat�on of jute and jute-subst�tutes. The pol�t�c�ans’ method of plott�ng has fa�led everywhere. 

Power and plenty now come through sc�ent�f�c plann�ng. Plann�ng by pol�t�c�ans w�thout sc�ence 

and technology degenerate �nto plott�ng for pol�t�cal powers. 

I am glad to say here that these nat�onal �nst�tutes w�ll not only help �ndustry, agr�culture and 

commerce, they w�ll be of d�rect help to masses. I have recently prepared a memorandum wh�ch 

I am c�rculat�ng to all the d�rectors and off�cers-�n-charge of the nat�onal laborator�es request�ng 

that they should organ�se themselves for voluntary serv�ce to better the lot of v�llagers �n the�r 

ne�ghbourhood by the a�d of sc�ence. We have proposed that we should select a certa�n number 

of v�llages near the seats of our laborator�es and v�s�t them �n teams on Sundays and hol�days and 

help the v�llagers by �mprov�ng the�r cottage �ndustr�es, hyg�ene and san�tat�on and the�r general 

sc�ent�f�c knowledge by popular sc�ent�f�c talks. These v�s�ts from the eleven nat�onal centres w�ll 

be arranged �n a regular manner and we expect to ra�se funds for th�s help ourselves w�thout 

go�ng to the Government. There �s noth�ng more �nfect�ous than personal contact and we hope 

th�s s�mple exper�ment w�ll enable us to take sc�ence to the v�llages. We hope to br�ng �nto act�on 

soon 2�0 sc�ent�sts for th�s purpose. 

The part�c�pat�on �n th�s ceremony by our respected Governor General �s a proof of H�s Excellency’s 

ab�d�ng �nterest �n sc�ence. Although we have heard that he has dec�ded to rel�nqu�sh h�s h�gh 

post, H�s Excellency w�ll always be our Rajaj� and cont�nue to occupy a pos�t�on of honor and 

respect �n our m�nds. The presence of our nat�onal heroes, Pand�t Jawaharlal Nehru and Sardar 

Vallabhbha� Patel, on th�s platform augurs well for the success of sc�ence �n Ind�a. I recollect w�th 

great �nterest the reply I rece�ved from Mahatma Gandh� when I sent h�m two couplets on our 

nat�onal flag. The l�nes were �n Urdu and for those who cons�der Urdu as a fore�gn language I shall 

try to translate them �nto Engl�sh. 

 The National Flag is also a symbol of freedom and every nation has its own flag,

 The unfurling and waving of which sends a thrill of joy through the hearts of the people,

 Those who are followers of Mahatma Gandhi must, of course, remain peaceful but they 

should remember, 

 That underneath every National Flag that flies high is a strong rod and staff. 

Mahatmaj�’s w�t and humour are proverb�al. He wrote to me to say that he had succeeded �n 

creat�ng a nat�onal flag and he left �t to the sc�ent�sts to create a rod, wh�ch w�ll hold the flag 

f�rmly. 

W�th your help, S�r, our respected leaders, we hope to create the rod and staff, wh�ch w�ll hold our 

flag h�gh. The presence of the greatest l�v�ng Chem�st, S�r Robert Rob�nson, and h�s d�st�ngu�shed 

w�fe and the galaxy of fore�gn sc�ent�sts, Condon of the U. S. A., Bernal of U. K., Englehardt of the 
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U. S. S. R., Augers of the Un�ted Nat�ons Organ�sat�on, Rydbeck of Sweden and others �s noth�ng 

else but an �nd�cat�on of Ind�a’s des�re to move �n un�son w�th the rest of the world at best �n the 

doma�n of sc�ence. 

The Nat�onal Chem�cal Laboratory, Poona, was opened by our Pr�me M�n�ster as �t should be the 

case �n a chem�cal laboratory w�th a bang. In order to avo�d the stra�n upon Sardar Vallabhbha� 

Patel �f he were to walk to the ma�n doors of the Laboratory and back, we have brought a part of 

the Laboratory here for h�m to open. Here �s a r�bbon stretched out wh�ch I would request Sardar 

Vallabhbha� Patel to cut. The cutt�ng of the r�bbon w�ll open the doors of th�s model and at the 

same t�me �t would actuate the w�reless transm�tter, wh�ch �s placed before you. Th�s w�reless 

transm�tter w�ll send a rad�o s�gnal, wh�ch w�ll be p�cked up by a rece�ver �ns�de the Laboratory. 

Th�s rece�ver w�ll start a mechan�sm, wh�ch w�ll automat�cally start the open�ng of the front doors 

of the Laboratory. The doors w�ll open slowly so that the process can be watched. I would now 

request Mr. Bhuta, our arch�tect, to present the sc�ssors to Sardar Vallabhbha� Patel to cut the 

r�bbon, and would request the Hon’ble Sardar Vallabhbha� Patel, our veteran patr�ot and one of 

the greatest leaders of our t�mes to declare the Nat�onal Phys�cal Laboratory of Ind�a open. 
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Your Excellency, Prime Minister, Sir Shanti Swarup Bhatnagar 
and friends,

I regard �t as a great pr�v�lege to be assoc�ated w�th the ceremony of �naugurat�ng the Nat�onal 

Phys�cal Laboratory of Ind�a. Apart from the �ntr�ns�c �mportance of th�s event, the presence of 

d�st�ngu�shed sc�ent�sts of �nternat�onal repute, �n our m�dst, lends a d�st�nct�on to th�s ceremony, 

wh�ch must make part�c�pat�on there�n a coveted honour. I must, however, confess to a feel�ng of 

great d�ff�dence �n subm�tt�ng to the scrut�ny of such d�scern�ng and sc�ent�f�c eyes. I hope they 

w�ll extend to me some mercy and cons�derat�on and �n ask�ng for �t I am emboldened by the k�nd 

and generous words S�r Shant� Swarup has just sa�d and also by h�s cla�m made at the t�me of the 

ceremony of lay�ng the foundat�on-stone of th�s very �nst�tut�on, that there �s more unan�m�ty among 

the sc�ent�sts than among the pol�t�c�ans. 

The un�que nature of th�s occas�on �s apt to l�ft one from the rather mundane ex�stence of a 

pol�t�c�an to the del�ghtful atmosphere of a dreamer and a th�nker. I hope you w�ll bear me for a 

moment as I �ndulge �n some reflect�ons. Ever s�nce h�s evolut�on, the human be�ng has been used 

to p�lfer�ng the secrets of Nature and apply�ng the knowledge so ga�ned to h�s own pract�cal use. 

Sc�ent�f�c research through the ages has thus been a long exped�t�on of Man �nto the �nnermost 

recesses of natural forces and phenomena and the ut�l�tar�an advantage has come to h�m through 

the urge for harness�ng these forces �n the serv�ce of mank�nd. Nature “red �n tooth and claw” 

or Nature �n �ts m�ldest d�spos�t�on al�ke has y�elded up sc�ent�f�c data, wh�ch have contr�buted 

to the mater�al progress of the nat�ons of the world. In h�s relentless pursu�t of pract�cal sc�ence, 

however, the sc�ent�st has always come �nto confl�ct w�th the sp�r�tual�st and the man of rel�g�on. 

The latter has always regarded the sc�ent�st as the destroyer of sp�r�tual values and the k�ller 

of the super�or be�ng, who has brought human�ty from an ethereal heaven to the very nad�r of 

degenerat�on. Symptomat�cally, �n terms of rel�g�ous lore, �t m�ght be sa�d that the very f�rst sc�ent�f�c 

operat�on, wh�ch a man performed on h�s own r�b has brought for h�m a perpetually expens�ve and 

troublesome legacy called Eve. 

All that I have read about the Laboratory wh�ch you see today enshr�ned �n such a magn�f�cent 

bu�ld�ng set �n such p�cturesque surround�ngs �nd�cates that wh�le �t �s no answer to the sp�r�tual�st’s 
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doubts or the human�st’s despa�r, �t �s essent�ally a response to the man’s call for prec�s�on and 

perfect�on. It w�ll comb�ne the emot�onal zeal of the fundamental�st w�th the pract�cal approach of 

the ut�l�tar�an. It w�ll furn�sh that sc�ent�f�c a�d to �ndustry w�thout wh�ch the present day �ndustr�al 

eff�c�ency would soon f�nd �tself lost �n “the desert sands of dead hab�t.” It would be a great 

safeguard aga�nst the cheat�ng of common man by means of �mperfect standards of we�ghts 

and measures, length and he�ght. It would be a great test�ng-house of raw mater�al and f�n�shed 

products. The researches and tests carr�ed out �n �ts rooms would, I am sure, enr�ch the realm of 

sc�ence w�th newfound treasures. W�th�n �ts walls, the sc�ent�st- ph�losopher w�ll d�splay the same 

enthus�asm as the astronomer does when a new star sw�ms �nto h�s ken; he w�ll exh�b�t the same 

absorpt�on �n h�s m�ss�on as the celebrated ph�losopher who d�sregarded the ord�nary standards 

of decency and rushed out of h�s bath through a bew�ldered aud�ence, shout�ng ‘Eureka’; he 

w�ll express the same del�ght �n h�s ach�evements as a young ch�ld who d�scovers the use of h�s 

l�mbs. 

Wh�le I v�sual�ze the very d�st�ngu�shed head of th�s �nst�tut�on, Dr. Kr�shnan, �n th�s var�ed role, 

my m�nd also turns to the quest�on how far, �n �ts actual results, th�s Laboratory, wh�ch has been 

brought �nto the world of Ind�an sc�ence w�th so much care and affect�on and after so much 

devoted and concentrated effort on the part of a d�st�ngu�shed band of em�nent sc�ent�sts led by 

S�r Shant� Swarup, w�ll serve to rel�eve th�s and the future generat�ons of the �lls to wh�ch human 

flesh �s he�r. W�ll �t, for �nstance, g�ve the F�nance M�n�ster the alchem�st touch so that he can 

turn the basest metal �nto gold and thus rel�eve h�m of many a n�ghtmare? Or can �t furn�sh the 

Commerce M�n�ster w�th a button wh�ch he could press �n order to let all the jute held �n Pak�stan 

come roll�ng by desp�te the ex�stence of the Jute Board and the customs off�cers? Would �t enable 

our much worr�ed Food M�n�ster to grow wheat or sweet potatoes out of th�stle and thereby upset 

an age-old �nstruct�onal proverb? Can �t prov�de our mass�ve M�n�ster of Industry w�th a ready 

means of subst�tut�ng mechan�cal for human control of �ndustry �n order that he m�ght run �t w�thout 

the �nnumerable comm�ttees and conferences wh�ch �t �s h�s unenv�able lot to hold? These are 

some of the demands wh�ch we pol�t�c�ans would l�ke to make on the sc�ent�sts; the l�st w�ll, I am 

sure, be unend�ng �f the latter would allow us free re�n. They are, however, merely symbol�c of the 

troubles and woes wh�ch affl�ct the world around us and I ask my d�st�ngu�shed aud�ence whether 

sc�ence �n �ts quest for Nature’s secrets �s go�ng to advance the human race towards �ts goal of 

eternal happ�ness or whether �t w�ll open a ver�table Pandora’s box of ev�l forces for the destruct�on 

of mank�nd. 

It �s my earnest and s�ncere prayer that th�s Laboratory and the d�st�ngu�shed bands of research 

workers who w�ll operate �n �t w�ll prov�de a pos�t�ve answer to th�s problem, as an �nsp�rat�on 

to the�r fellow-sc�ent�sts �n other parts of the world. Ever s�nce the d�scovery of the gunpowder, 

the destruct�ve agenc�es of sc�ence have been tak�ng a heav�er and heav�er toll of human l�ves. 

Under the �nfluence of the construct�ve and creat�ve efforts of sc�ence, human�ty settles down to 

an enjoyment of the fru�ts of c�v�l�zat�on, only to f�nd c�v�l�sed ex�stence threatened by confl�cts, 

�n wh�ch sc�ent�f�c gen�us on both s�des �s engaged �n outpac�ng each other �n evolv�ng more 

and more powerful eng�nes of destruct�on. The sc�ent�f�c consc�ence, as �ts publ�c counterpart, 

consoles �tself by f�nd�ng an �deolog�cal clock for th�s race �n mutual slaughter, but no amount of 
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�deolog�cal just�f�cat�on can buttress th�s resort to the pr�m�t�ve and baser �nst�ncts of man. Human 

d�gn�ty and �deolog�cal subl�m�ty al�ke demand that the defence of �deas be entrusted to nobler 

�nst�ncts. In my judgment, �t �s �n th�s reason�ng that l�es the appeal, for the �nhab�tants of th�s sub-

cont�nent, of the gospel of peace and non-v�olence. In th�s �nternat�onal gather�ng of sc�ent�sts, I 

should, therefore, l�ke earnestly to appeal to these fr�ends to cons�der how best they can promote 

the cause of peace and human�ty through sc�ence. 

F�nally, let me say a word of apprec�at�on of the hard and sol�d work of S�r Shant� Swarup Bhatnagar, 

Dr. K. N. Mathur and the�r zealous collaborators, wh�ch you f�nd so well exempl�f�ed �n the noble 

ed�f�ce and the �nstallat�on wh�ch I have the honor to declare open today. The bu�ld�ng of a cha�n 

of such laborator�es all over Ind�a �n such a short t�me �s a cred�table ach�evement, wh�ch, I w�sh, 

would �nsp�re s�m�lar efforts �n other spheres of Governmental act�v�ty. 

Fr�ends, I shall now proceed to d�scharge the very pleasant duty, wh�ch has been entrusted to 

me. 

I declare the Nat�onal Phys�cal Laboratory open. 
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Your Excellency, Ladies and Gentlemen, 

F�rst, I w�sh to make �t perfectly clear that I am not speak�ng �n my capac�ty as Pr�me M�n�ster. 

As such there was no po�nt at all �n my address�ng th�s gather�ng. You have a large number of 

d�st�ngu�shed speakers and, from the l�st, there are seven more to speak. But Dr. Bhatnagar 

thought that �n my capac�ty as h�s M�n�ster, �.e. M�n�ster-�n-charge of Sc�ent�f�c Research, �t would 

have been, perhaps, unbecom�ng �f I d�d not take part �n th�s ceremony. Of course, I could have 

taken part even �f I d�d not del�ver a speech; but I am not averse to publ�c speak�ng, and, �t has 

been even h�nted that I speak too often and too long. On th�s present occas�on, I have been 

hedged �n by those who have gone before me and those who w�ll follow me that there �s no r�sk 

of my speak�ng too long. 

I should l�ke, �n part�cular, to express to you, Your Excellency, my grat�tude for hav�ng taken the 

trouble to come here today. We all know that you are exceed�ngly occup�ed dur�ng these days 

that �t was d�ff�cult for you to come, and yet I pressed you and put th�s add�t�onal burden on you, 

for two reasons. One was that I wanted to assoc�ate you w�th th�s Laboratory �n the beg�nn�ngs of 

wh�ch you were �nterested some years ago, and we wanted your bless�ngs for th�s work. Also, we 

want to see as much of you as we can dur�ng these few days, wh�le we may, and we want to hear 

from you those words of w�sdom that always come out of your l�ps, to prof�t by them and to th�nk 

about them. We are all, and spec�ally those of us who funct�on on the pol�t�cal stage, g�ven to talk 

often, and talk too long. Words cease to have much mean�ng when there �s too abundant use of 

them. But what you say �s seldom long, and �t �s always someth�ng, wh�ch makes one th�nk; so we 

want to prof�t by that deep store of w�sdom that you possess. 

As M�n�ster-�n-charge of Sc�ent�f�c Research, I should l�ke to welcome the d�st�ngu�shed sc�ent�sts 

who have come from fore�gn countr�es. It has been a great pleasure to all of us �n Ind�a to welcome 

them. Not only do we learn much from them but they br�ng a w�der v�s�on and help to remove that 

l�m�ted outlook wh�ch every nat�on �s apt to develop �f �t does not look beyond �ts own boundar�es. 

And who can g�ve that broader v�s�on and outlook better than sc�ent�sts who work �n the great 

f�elds of knowledge? So we welcome them, and we hope that the�r v�s�t to us w�ll not merely be a 

v�s�t of d�st�ngu�shed men, but someth�ng that w�ll leave an ab�d�ng memory �n our m�nds and �n 

our work so that we may prof�t by, and work along those l�nes. 

Address by the Hon’ble PANDIT JAWAHARLAL NEHRU, Prime Minister of India
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I should also l�ke to say a few words about some colleagues of m�ne. There are many people who 

have worked for th�s Nat�onal Phys�cal Laboratory. I shall only ment�on two; I hope the others w�ll 

forg�ve me for not ment�on�ng the�r names. There �s our d�st�ngu�shed D�rector, Dr. Kr�shnan, and 

poss�bly �t w�ll be d�ff�cult to f�nd a sh�er and more modest man, and yet those who know h�m know 

that under that shyness and modest exter�or, there �s a depth and profund�ty of learn�ng, and �t has 

been a part�cularly good fortune for us to have h�m as our D�rector. And then there �s my colleague, 

Dr. Bhatnagar. You, S�r, �n your open�ng address referred to h�m as a “l�ve-w�re”. I come �n contact 

w�th th�s “l�ve-w�re” frequently. I do not know �f that contact does h�m much good but �t does me 

good, even though somet�mes �t g�ves me a l�ttle shock. But �t �s a fact that Dr. Bhatnagar has 

certa�n qual�t�es, wh�ch I for one adm�re very greatly, and that qual�ty �s to get th�ngs done.  It �s a 

qual�ty, wh�ch I regret to say, most people lack. We talk a lot about theor�es and ph�losoph�es, and 

what should be done and what m�ght be done and what ought to be done. But somehow all that �s 

not translated �nto th�ngs that are done. Dr. Bhatnagar has that qual�ty of translat�ng the odds �nto 

what has been done and �t �s a tremendous qual�ty. I am qu�te certa�n that h�s large programme of 

bu�ld�ng f�ne nat�onal laborator�es would never have gone as far ahead as �t has, �f Dr. Bhatnagar 

had not been �n charge of them. So I am very grateful to h�m for the eff�c�ency and v�tal�ty w�th 

wh�ch he has pursued the undertak�ngs. 

Well, S�r, we all now-a-days talk of sc�ence �n terms of pra�se. In a sense, we all worsh�p at the 

altar of sc�ence and yet I often wonder �f sc�ence �s not go�ng to meet the same fate as rel�g�on 

d�d �n older t�mes. That �s to say, people were very rel�g�ous; they talked �n terms of rel�g�on but 

seldom behaved as rel�g�ous men. Rel�g�on became a set of ceremon�als and forms and, may be, 

some k�nd of r�tual worsh�p rema�ned but the �nner sp�r�t of rel�g�on was lost. So I wonder �f the 

very tr�umph of sc�ence �n the modern world w�ll not make �t some k�nd of r�tual, and the sp�r�t of �t 

may somehow fade away, not from the m�nds of the elect and the select – that of course always 

rema�ns – but I am talk�ng about the large numbers of people who talk gl�bly about sc�ence today, 

and yet who �n the�r ways and act�ons do not exh�b�t a trace of sc�ence. Sc�ence �s not a matter of 

merely look�ng at test tubes and m�x�ng th�s and that and produc�ng th�ngs b�g or small; sc�ence, 

ult�mately, �s a way of tra�n�ng the m�nds and of the whole l�fe funct�on�ng accord�ng to the ways 

and methods of sc�ence, that �s, the whole structure, soc�al or other-w�se, funct�on�ng �n the sp�r�t 

of sc�ence. If sc�ence �s Truth, then you must follow that Truth. But, generally speak�ng, people 

th�nk of sc�ence as someth�ng �solated, �n terms of test tubes and mechan�cal appl�ances, wh�ch 

have no other relat�on to l�fe except as prov�d�ng them some conven�ences. Well, certa�nly sc�ence 

does and should prov�de conven�ences. Sc�ence, �ndeed, has bu�lt up the structure of modern 

l�fe and you cannot ex�st w�thout �t. Wherever you go, you come across some major appl�cat�on of 

sc�ence, and yet the people who ut�l�se that appl�cat�on from morn�ng to even�ng and prof�t by �t, do 

not real�se what l�es beh�nd �t – the manner of th�nk�ng and the manner of act�ng and funct�on�ng. 

They take th�ngs for granted. They do not know the long h�story of sc�ence, of tr�als and errors, 

of exper�ments and hundreds of fa�lures, and then the success, acc�dental or as you, S�r, sa�d, 

del�berately str�ved for. Nor do they th�nk of the th�ngs, wh�ch are called sc�ent�f�c temper, sc�ent�f�c 

m�nd, and sc�ent�f�c method, wh�ch really are more �mportant than actual d�scovery. If you do not 

have the method but acc�dentally reach a d�scovery – well, you have that and no more. Therefore, 
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I am a l�ttle afra�d when I hear so much pra�se for sc�ence, that sc�ence �s go�ng the way of rel�g�on. 

And that �s dangerous so far as I can see. There �s yet another way of look�ng at sc�ence, as a 

k�nd of handma�d of a h�gher and super�or k�nd. Sc�ence helps �n var�ous ways. Sc�ence �s made 

to help; �t �s meant to serve. It may serve a good cause; �t may serve a bad cause. Its serv�ces 

you can use at w�ll. So, I hope, you w�ll th�nk �n terms of sc�ence not �n that l�m�ted way and just as 

someth�ng wh�ch helps you to ga�n your ends. Of course, �f your ends are b�g, then �t �s well and 

good. You should th�nk of sc�ence as a method of approach to l�fe and l�fe’s problems generally. 

As I look at th�s f�ne bu�ld�ng and th�nk of the large number of young men and young women 

work�ng �n �t, dream�ng somet�mes, and produc�ng results wh�ch w�ll flow out and benef�t our 

people �n th�s country and the world, for the matter of that, because the front�ers of sc�ence cannot 

be l�m�ted – as I th�nk of those tremendous advances that sc�ence has made �n the past and the 

great advances that I hope �t �s go�ng to make �n the future, I am so fasc�nated by them that I 

feel how much better �t would have been for me to be the D�rector of th�s Laboratory, �f I had the 

competence, than to be the Pr�me M�n�ster. 
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Your Excellency, Mr. Prime Minister, Mr. Deputy Prime Minister, 
Ladies and Gentlemen,

Nearly three years ago, the Ind�an Sc�ence Congress held �ts sess�on at Delh�. On that occas�on 

several d�st�ngu�shed sc�ent�sts gathered here, not only from all parts of Ind�a, but on spec�al �nv�tat�on 

from the Government of Ind�a, from overseas also. The part�c�pat�on of d�st�ngu�shed sc�ent�sts 

from abroad �n the del�berat�ons of the Sc�ence Congress has s�nce become, fortunately, a regular 

feature. We owe to th�s happy c�rcumstance the presence w�th us today of a galaxy of them. 

We ava�led ourselves of the Delh� sess�on of the Sc�ence Congress of 1��7 to �nv�te Pand�t 

Jawarharlal Nehru to lay the foundat�on stone of the Nat�onal Phys�cal Laboratory at th�s p�cturesque 

s�te. Ow�ng, however, to certa�n unforeseen c�rcumstances that developed �n the country soon 

after, the bu�ld�ng operat�ons could not be commenced t�ll a year later. The Laboratory has s�nce 

been grow�ng rap�dly, has passed through all her teeth�ng troubles, and as you can see, has now 

grown �nto a robust and healthy ch�ld. Some among our d�st�ngu�shed v�s�tors, and many among 

our fr�ends, have compl�mented her on her looks too. What v�rtues, and what qual�t�es of the head, 

she w�ll develop, and what useful serv�ces she w�ll be able to render to the cause of sc�ence and 

the country, �t �s for the future, and for others, to say. Meanwh�le, she �s be�ng nour�shed w�th the 

best sc�ent�f�c food, much of �t, fortunately, ava�lable �n the country. But she �s by no means allerg�c 

to food grown �n other so�ls. I hope that she w�ll prove worthy of her em�nent godfathers, who are 

seated round th�s H�gh Table, and that somet�me �t may be poss�ble for them to cla�m, as one of the�r 

most d�st�ngu�shed predecessors �n the l�ne of ph�losopher-statesmen d�d, 

Janakanam kule kirtim abarishyathi me suta

“My daughter is enhancing the prestige and glory of the great house of the Janakas.”

Th�s Laboratory �s one of the eleven Nat�onal Laborator�es -- eleven form a good team – wh�ch 

owe the�r ex�stence and the�r present rap�d growth �n a large measure to the v�s�on, energy, 

resourcefulness and broad sc�ent�f�c sympath�es of my d�st�ngu�shed fr�end and colleague, Dr. S. S. 

Bhatnagar. It �s d�ff�cult for me to convey adequately our deep debt of grat�tude to h�m.

Address by Dr. K. S. KRISHNAN, Director, National Physical Laboratory, New Delhi
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It was not so long ago that we used to speak of the gen�us �n the garret, not so much w�th a gu�lty 

sense of our neglect of values, but almost as though �t were the proper atmosphere for gen�us to 

flour�sh �n. A story �s told of a great past Pres�dent of the Royal Soc�ety that when a v�s�tor from 

the Cont�nent w�shed to see h�s laboratory, he requested h�m to be seated �n the draw�ng room 

and had the laboratory brought to h�m on a tray. Many great sc�ent�sts have grown under, and 

lent enchantment to th�s trad�t�on, wh�ch has s�nce been called, w�th some appropr�ateness, the 

“str�ng-and-seal�ng-wax trad�t�on”: Faraday, the Cur�es, Thomson, Rutherford, and our Raman. But 

the major�ty of us f�nd that the Muse of Sc�ence has become a l�ttle too soph�st�cated to be wooed 

under such s�mple surround�ngs. Large laborator�es, l�beral equ�pment, and enthus�ast�c teams 

are the least that seem to sat�sfy her – the more so when sc�ence has to be appl�ed to �ndustry, as 

�t w�ll be, �n these Laborator�es. In organ�s�ng these eleven Nat�onal Laborator�es, and �n prov�d�ng 

for hundreds of our young sc�ent�sts adequate fac�l�t�es for research, both �n the Pure and �n the 

Appl�ed Sc�ences – fac�l�t�es wh�ch were not ava�lable even for a l�m�ted few t�ll now – Dr. Bhatnagar 

has rendered great serv�ce to the cause of sc�ence. 

Com�ng back to the Nat�onal Phys�cal Laboratory, wh�ch you, S�r, have been grac�ous enough to 

declare open, the bu�ld�ng, as Dr. Bhatnagar has told you, has many structural features of �nterest, 

and as a laboratory �t �s comparable w�th some of the best elsewhere. I w�sh to express here our 

fel�c�tat�ons, and grateful thanks to Mr. Bhuta of Messrs. Master Sathe and Bhuta, Arch�tects, to 

Messrs, Dewan Chand Sanon and Ja�lal Pur� of Northern Construct�on Co., to our own arch�tects Mr. 

A. P. Kanv�nde and Mr. Shaukat Ra�, Mr. L. R. Bamm�, Clerk of Works and Mr. Om Prakash Sharma, 

our electr�cal eng�neer, for hav�ng produced th�s magn�f�c�ent bu�ld�ng. 

I am deeply �ndebted to my many colleagues, Mr. Kadambe, Dr. Parthasarathy, Mr. Joglekar, Swam� 

Jananand for the�r very valuable and generous collaborat�on �n our amb�t�ous undertak�ng. I may be 

forg�ven �f I make spec�al ment�on of one of them, Dr. K. N. Mathur, the Ass�stant D�rector �n Charge 

of Plann�ng. H�s contr�but�ons to the Laboratory are great, and almost every place �n �t w�ll speak to 

future generat�ons of research workers here, the lov�ng care bestowed on �t by h�m. He gave us h�s 

best, and unst�nt�ngly. 

Our thanks are also due to Dr. Alagappa Chett�ar for stand�ng tea to our guests th�s afternoon. 

Professor Bhagavantam, who for some t�me was our Sc�ent�f�c L�a�son Off�cer �n London, has been 

of �mmense help to us �n connect�on w�th our purchases from the d�sposal stores �n England. The 

Laboratory �s deeply �ndebted to h�m, and to the off�cers of the D�rectorate of D�sposals �n Ind�a. 

The Nat�onal Phys�cal Laboratory, bes�des do�ng for phys�cs what the other Nat�onal Laborator�es 

do for the�r respect�ve subjects, �s �n a sense d�fferent from them. It w�ll also serve as a Nat�onal 

Bureau of Standards, �n a modest way l�ke the Nat�onal Bureau of Standards �n Wash�ngton, wh�ch 

my fr�end Dr. Condon, who �s present w�th us today, so ably gu�des. 

 

We have launched on a great venture, and I request you all, on behalf of my colleagues and myself 

to g�ve us your bless�ngs. 
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Return to England �s all too �mm�nent and �n a few days I hope to rece�ve the guests at a funct�on to 

celebrate the 2�th b�rthday of the Nat�onal Phys�cal Laboratory �n Br�ta�n. That w�ll be �n the capac�ty 

of Cha�rman of the Govern�ng Body, ex-off�c�o as Pres�dent of the Royal Soc�ety on whose �n�t�at�ve 

the Laboratory was establ�shed. We take what I th�nk �s a just�f�able pr�de �n our ach�evements 

over these 2� years. The Phys�cal Laboratory made a great contr�but�on to the war effort and has 

proved a k�ng p�n for Pure and Appl�ed sc�ent�f�c research and development �n peace-t�me. Its 

work �n metrology, and �n standard�sat�on generally, has benef�ted other d�sc�pl�nes to an extent, 

wh�ch �t �s hard to over-est�mate. 

We hope that our successes and, perhaps even more, our fa�lures, w�ll prove of value to th�s 

enterpr�se. 

The date of the open�ng was not known �n t�me for a formal address to be prepared but I am 

empowered to speak both on behalf of the Counc�l of the Royal Soc�ety and of the Govern�ng 

Body of the Nat�onal Phys�cal Laboratory at Tedd�ngton and to offer you our warmest good w�shes 

for the successful work of th�s Nat�onal Phys�cal Laboratory of Ind�a. 

We cannot forbear from add�ng a personal message of congratulat�on to S�r Shant� Bhatnagar who 

�s so well known to us and whose pract�cal �n�t�at�ve and capac�ty for act�on has made poss�ble 

the real�sat�on of h�s dreams.

Phys�c�sts are not w�thout some reason regarded as ‘les enfants terr�bles’ of the sc�ent�f�c fam�ly. 

Before we have had t�me to ass�m�late the atom bomb a st�ll more fr�ghten�ng menace appears on 

the hor�zon. The hydrogen bomb w�ll �m�tate the Sun and we can only hope that the calculat�ons of 

our phys�c�sts are correct and that some exper�ment or other w�ll not �n fact convert the earth �nto 

a small nova. As all these developments occur beh�nd a dense screen we can only put our trust �n 

assurances g�ven to us. However, �t would be st�ll more reassur�ng to have the opportun�ty of hear�ng 

the d�scuss�ons. But th�s aspect of phys�cs, wh�ch looms so large �n popular �mag�nat�on, must 

y�eld �n �mmed�ate pract�cal �mportance to the top�cs wh�ch w�ll be stud�ed �n th�s laboratory.

Address by SIR ROBERT ROBINSON, President, Royal Society, London
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 It �s not poss�ble, however, to def�ne the l�m�ts of those researchers and �n that connect�on I 

am rem�nded of what happened �n the Bell Telephone Co. Laboratory wh�ch I have been told �s to 

some extent the prototype for the arrangement �n th�s bu�ld�ng. 

 There, R. R. W�ll�ams determ�ned the const�tut�on of V�tam�n BI, a b�ochem�cal tr�umph, wh�ch 

has led to the large-scale product�on of the v�tam�n by synthes�s. 

 Another phys�cal laboratory under Langmu�r’s gu�dance has opened up the new f�eld of 

the plast�cs based on s�l�con. Dr. Kr�shnan and h�s staff w�ll certa�nly be ma�nly concerned w�th 

metrology �n �ts w�dest s�gn�f�cance and w�th opt�cs and electron�cs, advanced techn�ques of 

many k�nds. Wherever these act�v�t�es eventually lead them, we w�sh them good hunt�ng and joy 

�n the pursu�t.  
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1. Government of India Awards

  Padma Bhushan  

 Dr. K.S. Krishnan - 1954

 Dr. A.R. Verma - 1982 

 Dr. A.P. Mitra - 1989

 Dr. S.K. Joshi - 2003 

 Padma  Shri

 Dr. S.K. Joshi - 1991 

2. Fellowships of International Academies

 Fellow of the Royal Society of London (FRS)

 Dr. A.P. Mitra - 1988

 Fellow of the International Academy of   

 Astronautics

 Dr. A.P. Mitra - 1988

 Fellow of the Third World Academy of Sciences

 Dr. A.P. Mitra - 1988 

 Dr. S.K. Joshi - 1993

 Fellow of the International Academy of Electro- 

 technical Sciences - Russia

 Dr. A.V. Narlikar - 1997

 Dr. Krishan Lal - 1997

3. Fellowships of National Academies

 Fellow of the Indian National Science Academy  

 (FNA)

 Dr. A.P. Mitra - 1961

 Dr. V.G. Bhide - 1968

 Dr. G.C. Jain - 1976

 Dr. Krishan Lal - 1984

 Dr. B.M. Reddy - 1992 

 Dr. A.V. Narlikar - 1993

 Dr. K.K. Mahajan - 1993 

 Fellow of the Indian National Academy of   

 Engineering (FNAE)

 Dr. Kailash Chandra - 1990

 Dr. Anil K. Gupta - 2006

 Fellow of the National Academy of Sciences (FNASc)

 Dr. A.R. Verma - 1974 

 Dr. A.P. Mitra - 1985

 Dr. B.S. Mathur - 1986

 Dr. Krishan Lal - 1989  

 Dr. O.P. Bahl - 1999

 Dr. A. Sengupta - 1999

 Fellow of the Indian Academy of Sciences  (FASc)

 Dr. A.R. Verma - 1974 

 Dr. A.P. Mitra - 1974

 Dr. A.V. Narlikar - 1988 

 Dr. K.K. Mahajan  - 1991 

4. Awards of National Academies
 Indian National Science Academy (INSA) 

 D.S. Kothari Memorial Lecture Award

 Dr. Krishan Lal - 1996

 Indira Gandhi Prize

   Dr. M.N.M. Rao - 1986 

 Homi Jahangir Bhabha Medal

 Dr. E.S.R. Gopal - 1993

 Dr. A.V. Narlikar - 1996

 Young Scientist  Medal

 Dr. Ravi Mehrotra –  1986

 Dr. V.P.S. Awana - 1998

 National Academy of Sciences (NASc)

 M. N. Saha  Memorial Lecture Award 

 Dr. S.K. Joshi - 1997

5. Council of Scientific and Industrial Research            
(CSIR) Awards

 Shanti Swarup Bhatnagar Prize 

 Dr. K.S. Krishnan - 1958

 Dr. A.P. Mitra  - 1968

 CSIR Distinguished Scientist 

 Dr. A.P. Mitra  (1991 - 96)

 CSIR Technology Shield 

 Dr. O.P. Bahl, Dr. G. Bhatia, Dr. R.B. Mathur,

 Dr. R.K. Aggarwal, Dr. T.L. Dhami and Dr. C. Lal - 1999  

HONOURS AND AWARDS
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 CSIR Technology Prize  

 Dr. O.P. Bahl, Dr. L.M. Manocha, Dr. G. Bhatia,

 Dr. T.L. Dhami and Dr. R.K. Aggarwal - 1990  

 CSIR Young Scientist Award

 Dr. B. Jayaram - 1987 

 Dr. Ravi Mehrotra - 1988  

 Dr. Jayanta Kar - 1989  

 Dr. H.C. Kandpal - 1990

 Dr. Neeraj Khare - 1991 

 Dr. V.N. Ojha - 1992  

 Dr. S.M. Shivaprasad - 1992  

 Dr. Ajay Dhar - 1993

 Dr. Rina Sharma - 1995

 Dr. Nita Dilawar - 2001  

 Dr. Dipten Bhattacharya - 2001  

 Dr. Sushil Kumar - 2003  

 Dr. D. Haranath - 2004 

 

6. Indian Science Congress Association Awards

 Sir C.V. Raman Birth Centenary Medal Award

 Dr. A.P. Mitra - 1991

 S. K. Mitra  Birth Centenary  Award (Gold Medal)

 Dr. A.P. Mitra - 1995

 Dr. Krishan Lal - 2007

 New Millennium Plaque of Honour Award 

 Dr. S.K. Joshi - 2002

 Asutosh Mookerjee Memorial Award 

 Dr. S.K. Joshi - 2003

 Meghnad Saha  Birth Centenary  Award 

 Dr. S.K. Joshi - 1998

7. National Fellowship Awards

 Jawaharlal Nehru Fellowship

 Dr. A.P. Mitra     (1978 - 80)

 Dr. A.R. Verma  (1982 - 84)

 Sr. Homi Bhabha Fellowship  

 Dr. A.P. Mitra  (1996 - 98)

 Homi Bhabha Fellowship  

 Dr. Harish Bahadur  (1982 - 84)

8. Indian Association for the Cultivation of 
Science Awards

 C. V. Raman Centenary Medal

 Dr. S.K. Joshi - 1988

 Dr. Mahendra Lal Sircar Prize 

 Dr. S.K. Joshi - 1989

 Meghnad Saha Golden Jubilee Award

 Dr. A.P. Mitra - 1991

9. Fellowships of International Institutions

 Fellow of the Institute of Physics, London, UK

 Dr. S.R. Das - 1967

 Dr. A.V. Narlikar - 1975

 Dr. Neeraj Khare - 2005

 Fellow of the Institution of Metallurgists, London, UK

 Dr. A.V. Narlikar - 1975

 Fellow of the Institute of Electrical Engineers,  (UK)

 Dr. P. Banerjee - 2003 

 Fellow of the Institute of Electrical and Electronics  

 Engineers, USA

 Dr. V.R. Singh - 1995

10. Fellowships of National Institutions

 Fellow of the Institution of Engineers 

 Dr. V.R. Singh - 1990

 Dr. Anil K. Gupta - 1990  

 Fellow of the Institution of Electronics and   

 Telecommunication Engineers 

 Dr. V.R. Singh - 1990

 Dr. (Ms) D.R. Lakshmi - 1993

 Dr. H.N. Dutta - 1993

 Dr. M.K. Raina - 1994

 Dr. A. Sengupta - 1996

 Dr. P. Banerjee - 1997

 Dr. A.K. Hanjura -  2001

 Fellow of the Indian Standards Institution 

 Dr. K.N. Mathur - 1967

 Mr. G.D. Joglekar - 1967
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 Fellow of the Institution of Chemists

 Dr. A.K. Agrawal - 1���

11. NRDC  Awards

 Invention Awards 

 Dr. V.N. B�ndal and  Mr. R.K. Nayar - 1�72  

 Mr. G.D. Joglekar - 1�72

 Dr. V.N. B�ndal - 1�7�

 Dr. V.N. B�ndal - 1�7� 

 Dr. V.N. B�ndal, Dr. V.K. Gog�a and 

 Dr. G.K. Kohl� - 1�77 

 Dr. Kr�shan Lal - 1�77

 Mr. V.M. Bhuchar, Dr. A.K. Agrawal,  Mr. F. K�ss,

 Mr. J.P. Vas�sth, Mr. Dharam Prakash and

 Mr. O.N.L. Sr�vastava   - 1�77 

 Dr. V.N. B�ndal and Dr. Mukesh Chandra - 1��1 

 Mr. R.C. Dhawan and Dr. Ka�lash Chandra - 1��2 

 Dr. V.N. B�ndal and Dr. Ashok Kumar  - 1��� 

 Dr. P.K. Ghosh, Mr. H.P. Narang, Dr. Har�sh Chander  

 and Dr. V�rendra Shanker - 1���  

 Dr. V.V. Shah, Dr. R. Bhattacharya, Dr. B.S. Verma,                     

 Dr. (Ms.) M. Kar and  S.T.K. Bhattacharya - 1���

 Dr. O.P. Bahl, Dr. R.B. Mathur and Mr. S.S. Hanspal  

 - 1��2

 Dr. B.D. Malhotra, Dr. R.K. Sharma, Mr. Rajesh Kumar,  

 Dr. S.S. Pandey, Dr.  K. Ramanathan, Mr. V.P.  Arya,

 Mr. S.K. Rajput and Dr. N.B. Tulsan� (IGIB) - 200�

 Invention Promotion Board Award

 Dr. Ka�lash Chandra, Dr. Ram Parshad and

 Dr.  V.K. Agarwal - 1�67

 Mr. G.D. Joglekar and Mr. C.L. Verma - 1�6�

 Dr. P.C. Mahendru, Dr. G.D. Sootha, Dr. D.C. Parashar, 

          Mr. Narendar Kumar and Mr. Devendra S�ngh - 1�71

 Dr. Ka�lash Chandra, Dr. Ram Parshad,

 Dr.  V.K. Agarwal and Dr. H.M. Bhatnagar - 1�73

12. Om Prakash Bhasin Foundation Award

 Dr. A.P. M�tra - 1��7 

 Dr. K.K. Mahajan - 1��� 

 Dr. A. Sengupta - 2002

13. Hari Om Ashram Award

 Dr. B.M. Reddy - 1�7�

14. FICCI Awards

 Dr. A.P. M�tra - 1��2 

 Dr. S.K. Josh� - 1��0

15. G. M. Modi Science Foundation Award

 Dr. A.P. M�tra - 1��2

16. International Union of Radio Sciences (URSI) 
Young Scientist Award

 Dr. P. Banerjee - 1��� 

 Dr. M.V.S.N. Prasad - 1��0

 Dr. Ranj�t S�ngh - 1��0 

 Dr. V.N. Ojha - 1��3

 Dr. (Ms.) B. Veenadhar� - 1��6

 Dr. Sach�n Gudde - 200�

 Dr. A.K. Dw�ved� - 200� 

17. Material Research Society of India (MRSI) 
Awards          

 MRSI - ICSC Superconductivity and Materials  

 Science Award (Senior)

 Dr. S.K. Josh� - 1���

 MRSI - ICSC Superconductivity and Materials  

 Science Annual Prize 

 Dr. A.V. Narl�kar - 1��1

 Dr. Ashok  K. Gupta - 1��3

 MRSI  MEDAL

 Dr. O.P.Bahl - 1��1

 Dr. B.K.Das - 1��2

 Dr. Kr�shan Lal - 1��3

 Dr. An�l K. Gupta - 1��� 

 Dr. Subhash Chandra - 1��6

 Dr. R.G. Sharma - 1��6

 Dr. Neeraj Khare - 1���

 Dr. R. Bhattacharya - 2000
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 Dr. B.D. Malhotra - 200�

 Dr. S.M. Sh�vaprasad - 2006

18. Indian Cryogenics Council Awards

 A. N. Chatterjee Memorial Prize 

 Dr. A.V. Narl�kar, Dr. S.N. Ekbote, Mr. S.P. Sur�,

 Dr. B.V. Redd�, Mr. V.S. Yadav and  Mr. S.B. Samanta  

 - 1�77 

 Indradipti Medal  

 Dr. A.P. Ja�n, Mr. R.B. Saxena, Mr. N.K. Babbar, 

 Mr. Y.S. Reddy and Dr. J.S. Va�shya - 1�7�

 M. C. Joshi Memorial Prize  (West Zone)

 Dr. A.P. Ja�n, Mr. S.C. Gera, Mr. R.B. Saxena,

 Mr. Kastur� Lal,  Mr. N.K. Babbar, Dr. Har� K�shan and  

 Mr. Raveesh Kumar - 1���

 Special Prize  

 Dr. A.V. Narl�kar, Dr. S.N. Ekbote, Dr. Ashok K. Gupta  

 and Dr. R.G. Sharma - 1�77

 Dr. Ashok  K. Gupta and others - 1��0

19. Miscellaneous  Awards

 Premchand Roychand Award, Mouat Gold Medal 

 Dr. A.P. M�tra - 1���

 Vasvik Award on Environment Science and   

 Technology

 Dr. A.P. M�tra -  2002

 WIPO Gold Medal Award (World Exhibition of  

 Achievements of Young Inventors, Bulgaria) 

 Dr. Mukesh Chandra - 1���

 17th IETE Hari Ramji Toshniwal Gold Medal Award

 Dr. P. Banerjee - 2006

 L. C. Verman Award (IETE)

 Dr. Ka�lash Chandra - 1���

 Charles E. Pettinos Award (American Carbon  

 Society)

 Dr. O.P. Bahl - 1���

 Indian Merchants’ Chamber Gold Shield 

 Dr. G.D. Sootha - 1�70 

 

 Rajib Goyal Medal (Goyal Foundation Awards -  

 Kurukshetra University) 

 Dr. S.K. Josh� - 1��3

 Rajib Goyal Young Scientist Prize 

 Dr. Neeraj Khare - 2002

 Dr. V.P.S. Awana - 200�

 Special Medal (Asian Federation for Societies of  

 Ultrasound in Medicine and Biology)  

 Dr. V.R. S�ngh - 1��7

 Bharat Nirman Award

  Dr. (Ms.) S.A. Agn�hotr� - 1��0

 FIE Research Foundation Award,  Maharashtra 

  Mr. M.K. Dasgupta - 1��2

 Khosla National Award (University of Roorkee)

  Dr. A.V. Narl�kar - 1��� 

 Pt. Govind Vallabh Pant Award 

 Dr. V.D. Sharma - 1���

 B. D. Bangur Award (Indian Carbon Society)

 Dr. O.P. Bahl - 1���

 Dr. R.B. Mathur - 2006

 Asia Pacific Metrology Programme Lizuka Award for  

 Young Scientists

 Dr. (Ms.) N�ta D�lawar - 200�

 National Unity Award for Professional Excellence  

 (Govt.  of India)

 Dr. Har�sh Bahadur - 1���

 Meghnad Saha Medal (Asiatic Society)  

 Dr. A.P. M�tra - 1���

 Young Scientist Award (START USA)

 Dr. (Ms.) Sumana Bhattacharya - 1��� 

 Dr. T.K. Mandal - 1���

 University Grants Commission - Sir C.V. Raman  

 Award

 Dr. A.P. M�tra - 1��0

 DAE - SSPS Golden Jubilee ‘Young Achievers Award’

  Dr. V.P.S. Awana - 200�
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 Antarctica Award (Deptt. of Ocean Development) 

     Dr. Jaya Na�than� - 2002

20. Honorary D.Sc. Degrees

 Dr. A.V. Narl�kar ( Un�vers�ty  of Cambr�dge )   

 Dr. S.K. Josh�   ( Kumaun Un�vers�ty )    

 Dr. S.K. Josh�   ( Kanpur Un�vers�ty )   

 Dr. S.K. Josh�   ( Banaras H�ndu Un�vers�ty ) 

 Dr. Kr�shan  Lal  ( Russ�an Academy of Sc�ences,  

 S�ber�an  Branch )     

 Dr. A.R. Verma ( Banaras H�ndu Un�vers�ty ) 

 Dr. S.K. Josh�   ( Un�vers�ty of Burdwan )      

 Dr. A.P. M�tra    ( Un�vers�ty of Man�pur )

 Dr. A.P. M�tra    ( Un�vers�ty of Calcutta )

 Dr. A.P. M�tra    ( Jadavpur Un�vers�ty )

 Dr. A.P. M�tra    (Un�vers�ty of Burdwan)
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 S.No. Name of Speaker Year Title

 1. Dr. K. R. Ramanathan 1965 The Life of Prof. K.S.Krishnan

 2. Dr. Fredrick Seitz 1966 Evolution of the Government-Science Relationship in the United States

 3. Dr. S. Bhagavantam 1967 Magnetic Effects in Crystals

 4. Dr. D.S. Kothari 1968 Nuclear Explosions

 5. Dr. Kathleen Lonsdale 1969 Geometrical Changes Occurring in the Structures of Single Crystals

 6. Dr. G. N. Ramachandran 1970 Molecular Biophysics and Crystallography

 7. Dr. S. N. Bose 1971 Development of Scientific Research in India

 8. Dr. A. Kastler, NL 1972 Virtual Interaction Between Atoms and Electro-Magnetic Fields

 9. Dr. M.G.K. Menon 1973 Physics Deep Underground

 10. Dr. F.C. Auluck 1974 Superfluidity and Superconductivity

 11. Dr. A.P. Vinogradov 1975 The Metallic Phase of Planets and Meteorites

 12. Dr. A. Guinier 1976 The Role of Crystallography in Solid State Physics

 13. Dr. R. S. Krishnan 1977 Raman Effect : Discovery and After

 14. Dr. F.C. Frank 1979 Interaction Between Scientific Disciplines : Can Study of Liquid Crystals Teach  

    Anything of Importance for Geophysics?

 15. Dr. Raja Ramanna 1982 Recent Advances in Nuclear Physics

 16. Dr. I. Prigogine, NL 1983 Thermodynamic Aspects of BCLD Theory

 17. Dr. P.W. Anderson, NL 1986 Puzzles and Surprises in Condensed Matter Physics

 18. Dr. D. Shoenberg 1987 Sealing Wax and String

 19. Dr. A. Hewish, NL 1988 Pulsar Era

 20. Dr. S. Chandersekhar, NL 1989 The Intellectual Achievement that the Principia is

 21. Dr. J.M. Thomas 1990 The Genius of Michael Faraday

 22. Dr. C.H. Townes, NL 1991 What is Happening at the Centre of Our Galaxy

 23. Dr. D. Kind  1992 Current Trends Towards National and International Metrology Systems

 24. Dr. N. F. Ramsey, NL 1993 Time and Physical Universe

 25. Dr. Govind Swarup 1995 Large Scale Structure of the Universe

 26. Dr. P.G. de Gennes, NL 1996 Rice to Snow: The Description of Granular Materials

 27. Dr. P. J. Crutzen, NL 1997 30 Years of Progress in Atmospheric Chemistry

 28. Dr. R.L. Mossbauer, NL 1998 Neutrino Physics at Nuclear Energies

 29. Dr. Kota Harinarayana 2004 Towards Development of Complex Systems : Issues

    and Challenges

 30. Dr. Hideki Shirakawa, NL 2005 Discovery of a Conducting Polymer – Polyacetylene – Fortuity and Inevitability

 31. Dr. C. N. R. Rao 2006 Transition Metal Oxides – Some New Directions

(NL - Nobel Laureate)

*As a humble tribute to Dr. K. S. Krishnan, the founder Director of the NPL, the Laboratory organizes the Krishnan Memorial Lecture 
almost every year.

KRISHNAN MEMORIAL LECTURES* 
1965-2006

Dr. A. R. Verma, Director, NPL, honouring Dr. K. R. Ramanathan (the 
speaker for Krishnan Memorial Lecture 1965), with a shawl

Dr. S. N. Bose, the speaker for Krishnan Memorial Lecture 1971, flanked by

Dr. Atma Ram, DG, CSIR, Dr. D.S. Kothari and Dr. A. R. Verma, Director, NPL

Dr. S. Chandersekhar, NL, the speaker for Krishnan Memorial Lecture 1989, 

with Dr. A. P. Mitra, DG, CSIR, (right) and Dr. S. K. Joshi, Director, NPL (left)

Dr. D. Kind, the speaker for Krishnan Memorial Lecture 1992, with
Dr. S. K. Joshi, DG, CSIR, (left) and Dr. E. S. R. Gopal, Director, NPL (right)

Dr. Hideki Shirakawa, NL, the speaker for Krishnan Memorial Lecture 2005, 
with Dr. R. A. Mashelkar, DG, CSIR and Dr. S. K. Dhawan, NPL (right) and 
Dr. Vikram Kumar, Director, NPL and S. K. Chakladar, NPL (left)

Dr. C. N. R. Rao, the speaker for Krishnan Memorial Lecture 2006, 
flanked by Dr. R. A. Mashelkar, DG,CSIR, (right) and Dr. Vikram Kumar, 
Director, NPL, and Dr. A. K. Gupta, NPL (left)




