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izkDdFku

jk"Vªh; HkkSfrd iz;ksx'kkyk dh o"kZ 2005&2006 dh okf"kZd fjiksVZ lg"kZ izLrqr gSA ,u-ih-,y- ,d eq[;
iz;ksx'kkyk gksus ds dkj.k bldh xfrfof/k;ksa ds LisDVª~e ds vUrxZr jk"Vªh; ekud] inkFkZ foKku vkSj
ok;qe.Myh; HkkSfrdh ds {ks=k vkrs gSaA

HkkSfrdh ds bu izeq[k {ks=kksa esa mUur vuqla/kku] foHkkxh; lajpuk ftlesa lkr foHkkx vkrs gSa] esa fd,
tkrs gSa fQftdks&eSdsfudy LVS.MMZ] bySfDVªdy ,.M bySDVª~kWfud LVS.MMZ] bathfu;fjax eSVhfj;Yl] bySDVª~kWfud
eSVhfj;Yl] eSVhfj;Yl dSjsDVjkbts'ku] jsfM;ks ,oa ok;qe.Myh; foKku] lqij daMfDVfoVh o Øk;kstsfuDlA

tcfd ekiu ds jk"Vªh; ekudksa dk vuqj{k.k ,oa vixzsMs'ku ¼eki ,oa rksy vf/kfu;e 1956 ,oa 1976
ds fo/kku ds vuqlkj] laln ds 1976 ds vf/kfu;e ds vUrxZr 1998 esa iqu% tkjh½ jk"Vªh; HkkSfrd

iz;ksx'kkyk dh laoS/kkfud ftEesnkjh gSA HkkSfrdh ds ÝafV;j {ks=kksa esa xgu vuqla/kku ,oa fodkl dk;Z fofHkUu fuf/kc) vkSj bu gkml
izkstsDV ds vUrxZr fd, tkrs gSaA lh-,l-vkbZ-vkj- }kjk izkjaHk dh xbZ usVodZ ifj;kstukvksa esa ls dbZ esa ,u-ih-,y- fu.kkZ;d Hkwfedk
fuHkk jgk gS ftls bl okf"kZd fjiksVZ esa mfYyf[kr xfrfof/k;ksa }kjk ns[kk tk ldrk gSA

o"kZ 2005&2006 ds nkSjku rkieku rFkk vknzZrk ekud vkSj fuokZr ekudksa dh va'kkadu ekiu {kerkvksa dk vUrjkZ"Vªh; rduhdh
fo'ks"kKksa }kjk ihvj fjO;w fd;k x;k rkfd bls ch-vkbZ-ih-,e&,e-vkj-,- (BIPM-MRA) ds ifjf'k"V *lh* esa lekfo"V fd;k tk
ldsA LVS.MMZ ds nks foHkkxksa us fofHkUu vUrjkZ"Vªh; Lrj ij vk;ksftr vUrrqZyuk esa Hkkx fy;kA ,u-ih-,y&,u-,-ch-,y-,e-vks-;w-
(NPL-NABL MoU) ds vUrxZr Mh lh izfrjks/kd ds n{krk ijh{k.k ds izFke pj.k dks vkSj /kkfjrk ekiu dk f}rh; pj.k Hkh
,u-,-ch-,y- vf/kd̀r iz;ksx'kkykvksa }kjk iwjk fd;k x;k gSA

inkFkZ vfHky{k.ku izHkkx us ,u-ih-,y- ds fofHkUu xzqiksa rFkk bl izdkj vU; laLFkkvksa@m|ksxksa us c̀gr~ fofo/k mUur inkFkksZa ij
XRD, HRXRD, SEM, TEM, EPR, FTIR, UVS, AAS, ICPES & SIMS rduhdkssa dk iz;ksx djrs gq, vuqla/kku fd;k gSA bl
o"kZ ds nkSjku ftu inkFkksaZ dk vfHky{k.ku fd;k x;k muesa dkcZu uSuks V~;wc] WO

3
 rFkk InSb fQYesa] high Tc vfrpkyd]

lanhfIr'khy inkFkZ ;Fkk vYQk ,sY;qfeuk] lja/kz flfydkWu ijrsa]  Si/Co/Si, Si/V/Si and Si/Fe/Si cgqijrh; lajpuk,a] NLO ,dy
fØLVy rFkk Qsjks¶y;wM ikWyhej daiksftVl bR;kfn 'kkfey gSaA

,d vUrj iz;ksx'kkyk lg;ksxh dk;ZØe ds vUrxZr izekf.kr funsZ'k nzO;ksa dh ;kstuk] rS;kjh rFkk izdh.kZu bl izHkkx dh ,d vU;
egRoiw.kZ xfrfof/k gSA NGRI rFkk eSllZ gV~Vh xksYM ekbUl daiuh fyfeVsM] dukZVd ds lg;ksx ls mPp xzsM Lo.kZ Hkw&jklk;fud funsZ'k
nzO; (BND 3401.01) dk ,d u;k CRM, rS;kj fd;k x;kA  NRSA, gSnjkckn ds lg;ksx ls ,f'k;k iSflfQd usVodZ (APN) LokLF;
ifj;kstuk rFkk bljks th ch ih (ISRO-GBP) izkstsDV ds vUrxZr ,sjkslkWy dk HkkSfrd&jklk;fud v/;;u fd;k x;k rFkk Vsªl xSlksa
dks dk;kZfUor fd;k x;kA

eksuksfQykesaVjh Ag DySM high Tc vfrpkydh; (Bi, Pb)-2223 Vsil~ ftldh yackbZ 30 ls 35 ehVj gS vkSj tks 'kq: ls var rd
vfrpkyd gS rFkk ftls 4.2K ij 50A ds fØfVdy djaV ij ys tk;k tk ldrk gS] dks fodflr fd;k x;k gSA

ekuo lalk/ku fodkl esa ,u-ih-,y- us fo'ofo|ky;ksa vkSj vU; 'kSf{kd laLFkkuksa ds fo|kfFkZ;ksa dks muds ifj;kstuk dk;Z ,oa
izf'k{k.k ds fy, lqfo/kk,a miyC/k djkus esa viuk ;ksxnku fn;k gSA lEiw.kZ Hkkjr esa fLFkr fofHkUu laLFkkvksa ls yxHkx 250 ¼nks lkS
ipkl½ fo|kFkhZ tks M.Sc., M.E./M.Tech., MCA, B.E./B.Tech. vkfn esas v/;;u dj jgs gSa] mUgksaus ,u-ih-,y- ls vYidkyhu
o nh?kZdkyhu izf'k{k.k izkIr fd;k gSA pkj fjlpZ Qsyks ds 'kks/k izcU/k iw.kZ gksus ij mUgsa  Ph.D. dh fMxzh iznku dh xbZA  lksyg izf'k{k.k
dkslZ vk;ksftr fd, x, ftuesa 362 O;fDr;ksa] ftlesa b.MLVªh ls Hkh 'kkfey gSa] us Hkkx fy;kA blds vfrfjDr ,u-ih-,y- esa vkus
okys 'kS{kf.kd laLFkkvksa@laxBuksa ds vkxeu dh O;oLFkk dh xbZA



o"kZ 2005&2006 ds nkSjku 172 fofHkUu tjuy~l esa oSKkfud ,oa rduhdh 'kks/k i=k izdkf'kr gq,A fofHkUu jk"Vªh; ,oa vUrjkZ"Vªh;
lEesyuksa esa 248 isilZ izLrqr fd, x, ftuesa ls 77 isilZ lEesyu dk izkslhfMaXl esa izdkf'kr gq,A ,u-ih-,y- us laLFkkuksa@lkslkbfV;ksa
ds la;qDr :i ls nks lEesyuksa dk vk;kstu ,u-ih-,y- ifjlj esa fd;kA blds vfrfjDr nks lEesyuksa dk vk;kstu fd;k x;k ftuesa
oSKkfud izLrqrhdj.k fgUnh esa  fd, x,A Hkkjr esa vkB isVsUV~l vkSj fons'k esa chl isVsUV~l iathd̀r djk, x,A iwoZ o"kksZa esa iathd̀r
djk, x, vkB isVsUV~l Hkkjr esa rFkk pkj isVsUV~l fons'k esa 2005&06 ds nkSjku Lohd̀r gq,A 26 ¼NCchl½ u;h ifj;kstuk,a izkjaHk dh
xbZa vkSj 977 ¼ukS lkS lrÙkj½ yk[k #Ik, dk ECF vftZr fd;k x;kA

eSa ,u-ih-,y- ds oSKkfudksa] bathfu;jksa vkSj iz'kklu] foÙk] Hk.Mkj ,oa Ø;] oSKkfud rFkk rduhdh lgk;d lfoZlst] jktHkk"kk ;wfuV
rFkk bUÝkLVªDpj lfoZlst LVkWQ lnL;ksa dh #fp ,oa lg;ksx ds ;ksxnku ds izfr vkHkkj O;Dr djrk gwWaA Jh izse pan] Jh eunhi flag]
Jh ,u-ds- ok/kok vkSj Jh vfHk"ksd dk fof'k"V iz;kl ljkguh; gSA

vUr esa] eSa izdk'ku lfefr rFkk lEc) Vheksa dk fo'ks"k vkHkkjh gw¡ ftUgksaus bl fjiksVZ dks rS;kj djus esa viuk vewY; ;ksxnku
fn;k gSA

¼foØe dqekj½

funs'kd

vi
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Foreword

It is my pleasure to present the NPL Annual Report for the year 2005-2006. NPL being a prime laboratory

for physics, the spectrum of its activities covers the areas of National Standards, Material Sciences and

Atmospheric Physics.

Advanced research in important areas of physics is carried out under the Divisional Structure comprising

of seven divisions namely Physico-mechanical Standards, Electrical & Electronic Standards, Engineering

Materials, Electronic Materials, Materials Characterization, Radio and Atmospheric Sciences,

Superconductivity and Cryogenics.

While maintenance and upgradation of National Standards of Measurements remains the statutory

responsibility of NPL (as mandated by the standards of weights and measures Act 1956 and 1976 and under

the rules of 1988 for the standards of weights and measures Act 1976), intensive R & D in frontier areas of

Physics is carried out under several externally funded and in-house projects. With the initiation of Network-

projects programme of CSIR, NPL has been playing a crucial role in many of these projects as can be seen by

the activities presented in this Report.

During 2005-06, Calibration Measurement Capabilities (CMCs) of Temperature & Humidity Standards

and Vacuum Standards were peer-reviewed by technical experts for inclusion in the Appendix C of the BIPM-

MRA. There was participation in various internationally organized inter-comparisons from the two divisions

of Standards. Under the NPL-NABL MoU, the first phase of Proficiency testing on DC-resistance and the

second phase of capacitance measurement was also completed for the NABL accredited labs.

In Materials Characterization Division a large variety of advanced materials from different groups of NPL

as well as other Institutes/Industries were investigated mainly using XRD, HRXRD, SEM, TEM, EPR, FTIR,

UVS, AAS, ICPES & SIMS techniques. Some of the materials characterized during this year include carbon

nanotubes, WO
3 
and InSb films, high Tc  superconductors, luminescent materials like alpha alumina, porous

silicon layers, Si/Co/Si, Si/V/Si and  Si/Fe/Si multi layered structures, NLO single crystals and ferrofluid polymer

composites etc.

Planning, preparation and dissemination of Certified Reference Materials under an inter-laboratory

collaborative programme is another important activity of this division. A new CRM of high grade gold

geochemical reference material (BND3401.01) was prepared in collaboration with NGRI and M/s. Hatti Gold

Mines Co. Ltd, Karnataka. Physico-chemical studies of aerosol and trace gases were also carried out under

Asia Pacific Network (APN) health project and ISRO-GBP project in collaboration with NRSA, Hyderabad.

Mono-filamentary Ag clad High Tc superconducting (Bi, Pb) - 2223 tapes of length varying from 30 m to

35 m, which are superconducting end to end and can carry critical transport current of 50 A at 4.2 K have

been developed.

In the human resource development, NPL has been contributing by providing facilities to students from

Universities and other educational institutes for project-work and training. About 250 students studying

M.Sc., M.E./M.Tech., MCA, B.E./B.Tech.etc. from various institutes located all over India have undergone

short and long term training. Four research fellows on completion of their thesis work have been awarded

Ph.D. Sixteen training courses were organized where 362 persons including persons from industry, other

institutions and NPL participated. Besides number of visits by educational institutes/organization to NPL

were arranged.



During 2005-2006, 172 scientific and technical papers were published in various journals. 248 papers

were presented at various national and international conferences out of which 77 papers were published in

conference proceedings. NPL organized three conferences jointly with institutes/society at NPL. Besides,

two conferences were organized where scientific presentations were made in Hindi. Four patents were filed

in India and twenty were filed abroad. Eight patents filed in India and four patents filed abroad in previous

years were granted during 2005-2006. Twenty six new projects (sponsored and consultancy) were undertaken

and an ECF of about Rs. 977 lakhs was generated.

I would like to acknowledge the contributions of NPL Scientists, Engineers, and the staff of administration,

finance, stores and purchase, the Scientific & technical Services Support staff and the infra-structure services

for their interest and cooperation. Special efforts made by Shri Prem Chand, Shri Mandeep Singh, Sh. N.K.

Wadhwa and Sh. Abhishek are also appreciated.

Last, but not the least, I would like to acknowledge the contributions of the publication committee and

the associated teams in bringing out this report.

(Vikram Kumar)

      Director
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Preamble

National Physical Laboratory was one of the first National Laboratories set up under CSIR. Its foundation

stone was laid by the first Prime Minister of India, Late Pandit Jawahar Lal Nehru on 4th January 1947. Late

Dr. K.S. Krishnan, FRS, was the first Director of the laboratory. The main building was opened by the then

Deputy Prime Minister, Late Sardar Vallabhbhai Patel on 21st January 1950.

CHARTER

The main objectives of NPL has been a) to establish, maintain and improve National Standards of

Measurements and to realize the Units based on International system, b) to identify and conduct research

in areas of Physics, which are most appropriate to the needs of the nation and for the advancement of the

field, c) to assist industries, national and other agencies in their developmental tasks by precision

measurements, calibration, development of devices, processes and other allied problems related to physics

and d) to keep itself informed of and study critically the status of physics.

CUSTODIAN OF NATIONAL STANDARDS OF MEASUREMENT

National Physical Laboratory has the responsibility of realizing the units of physical measurements

based on the International System (SI units) under the subordinate legislations of Weights & Measures Act

1956 (reissued in 1988 under the 1976 Act). NPL also has the statutory obligation to establish, maintain

and update the national standards of measurement & calibration facilities for different parameters. The

Seven SI base units are metre, kilogramme, second, kelvin, ampere candela, mole (mol) and the SI

supplementary units are radian (rad) & steradian (sr). The other derived units for physical measurement

that the laboratory currently maintains are: force, pressure, vacuum, luminous flux, sound pressure, ultrasonic

power; ac voltage; current and power; low frequency voltage; impedance and power; high frequency voltage;

power; impedance; attenuation and noise; microwave power; frequency. impedance; attenuation and noise.

NATIONAL APEX BODY FOR CALIBRATION

The laboratory provides apex level calibration services in the country; offering National Accreditation

Board for Testing and Calibration Laboratories (NABL), the national accreditation body in the country (i) its

qualified assessors as needed for establishing best measurement capability of the applicant laboratory (ii)

its technical input to enable NABL to decide the suitability of the applicant laboratory  for accreditation,

and (iii) its faculty to train testing laboratories for estimation of uncertainty in their measurements.

Besides, the laboratory is engaged in development of Certified Reference Materials to ensure high

quality measurement and traceability of analytical measurements to national/international measurement

system (SI unit) in order to fulfill the mandatory requirement of quality system (ISO/IEC 17025) and of the NABL.

MAJOR ACHIEVEMENTS

National Physical Laboratory has to its credit innumerable number of achievements. A few major

achievements are: a) Introduction of Metric system of measurements in India, b) Development of Indelible

ink – the indelible contribution to Indian democracy, c) Estimation of methane gas emission from India – a

nationwide measurement campaign giving countrywide advantage in environment protection, d) Setting

up a pilot plant for development of Electronic components (ferrites), which led to setting up a public sector

Unit called Central Electronics Ltd. (CEL) in 1973, e) Development of  know-how of the Electrostatic

Photocopying machine using indigenous materials and f) Indian Standard Time.



R & D ACTIVITIES

The main running projects in NPL are in three major areas:

(A) Metrology

• Calibration & Testing Services to Industries

• Electrical & Electronic Standards

• Physico-mechanical Standards

• Certified Reference Materials (CRMs)

• Primary Standards

• Realization of SI units

(B) Materials

• Metals & alloys

• Metal-metal composites

• Carbon & Carbon composites

• Plasma processed materials

• Superconductivity, Superconducting materials and devices

• Conducting Polymers & Composites

• Organic Light emitting diodes

• Organic Solar cells

• Smart windows

• Fuel cells

• Silicon, Photovoltaic

• Sensors e.g. Bio, Gas, Chemicals, MEMS

• Advanced Characterization

(C) Atmospheric Sciences

• Ionosphere & Troposphere

• Global Climate Change

• Antarctica Studies

• Radio – Propagation

• Communications (Mobile)

ORGANIZATION AND MANAGEMENT

The laboratory has structured its total activities under seven scientific decision units. These are: (i)

Physico-mechanical standards, (ii) Electrical and Electronic Standards, (iii) Engineering materials, (iv) Electronic

materials, (v) Material characterization, (vi) Radio and Atmospheric sciences and (vii) Cryogenics and

Superconductivity.

In addition, it has set up nine support units for its organization and management. These are (i) Director’s

Secretariat, (ii) Administration, (iii) Finance & Accounts, (iv) Stores & Purchase, (v) Library, (vi) Scientific

Support Services, (vii) Technical Support Services, (viii) Workshop and (ix) Centre Computer Facility.

x



xi



I
J

- - - - - - ---------~-



HkkSfrd & ;kaf=kd ekud

HkkSfrd & ;kaf=kd ekud izHkkx] jk"Vªh; HkkSfrd iz;ksx'kkyk] Hkkjr ds lkr vkj ,.M Mh izHkkxksa esa ls ,d gSA izHkkx fuEu iSjkehVlZ lfgr

;kaf=kd ekiu xfrfof/k;ksa ls laLFkkfir gS %&

1- nzO;eku] vk;ru] ?kUkRo vkSj ';kurk ekud

2- yEckbZ ,oa foeh; ekfidh

3- rkieku vkSj vknzZrk ekud

4- izdk'kh; fofdj.k ekud ¼ǹ';eku vojDr vkSj ijkcSaxuh {ks=k½

5- cy] VkdZ vkSj dBksjrk ekud

6- nkc ,oa fuokZr ekud

7- /ofud ekud

8- rjy cgko ekud ¼dsoy ikuh ek/;e½

9- ijkJO; ekud

10- iz?kkr ,oa laosndksa ij vuqla/kku ,oa fodkl

bl izHkkx dk mijksDr xfrfof/k;ksa ls lEcfU/kr ekiu ds jk"Vªh; ekudksa dh LFkkiuk] mudk vuqj{k.k vkSj yxkrkj vixzsM djus vkSj ekudksa

dk izpkj djus o mlds }kjk ns'k ds m|ksxksa vkSj laLFkkuksa dks mPp Lrj dh va'kkdu lsok,a miyC/k djkus dk mÙkjnkf;Ro gS vkSj bl izdkj

buls fufeZr ekiu dh vuqekxZ.kh;rk dks lqfuf'pr djuk gSA

ekiu vkSj va'kkdu esa layXu lHkh dh ekiu vkSj va'kkdu {kerkvksa dk led{k ¼ihvj½ iqujh{k.k fo'o dh vxz.kh NMI ds rduhdh fo'ks"kKksa

}kjk fd;k x;kA bl izdkj jk"Vªh; HkkSfrd iz;ksx'kkyk BIPM ds ijLij ekU;rk nsus lEcU/kh O;oLFkk dh vis{kkvksa dks iwjk djrh gS] ftldh

jk"Vªh; HkkSfrd iz;ksx'kkyk ,d gLrk{kjdÙkkZ (Signatory) gSA ifj.kke Lo:i mijksDr xfrfof/k;ksa ds CMCs dks BIPM osclkbV (www.bipm.org)

ij Mkyk x;k gS vkSj jk"Vªh; HkkSfrd iz;ksx'kkyk dh bu xfrfof/k;ksa }kjk tkjh fd, x, va'kkdu izek.k&i=k iwjs fo'o esa Lohdk;Z gSa A

bu xfrfof/k;ksa us BIPM vkSj vFkok APMP ¼,f'k;k islhfQd eSVªksykWth izksxzke½ @ RMO ¼jhtuy eSVªksykWth vkxsZukbts'ku vkWQ ,f'k;u

jhtu½ }kjk vk;ksftr@lefUor vUrjkZ"Vªh; vUrrqZyuk laxksf"B;ksa esa fu;fer :Ik ls Hkkx fy;k rkfd ,l vkbZ  (SI) ;wfuV] ;wfuV dh vUrjkZ"Vªh;

iz.kkyh dh ;wfuV vkSj ek=kkvksa dks fu;fer :Ik ls ØkWl pSd fd;k tk lds o ekU;rk iznku dh tk ldsA

o"kZ 2005&2006 esa izHkkx dh fofHkUu xfrfof/k;ksa us pkj vUrrqZyukvksa esa lQyrkiwoZd Hkkx fy;k] m|ksxksa] laLFkkuksa vkSj izR;kf;r

iz;ksx'kkykvksa dks 2907 va'kkdu fjiksVZsa tkjh dh] ekfidh lEcU/kh leL;kvksa dks gy djus ds fy, nks izkbosV@ifCyd m|fe;ksa dks ijke'kZZ

laca/kh lsok,a iznku dh] ns'k esa ekfidh ds {ks=k esa n{k ekuo 'kfDr (man power) ds fodkl esa ;ksxnku nsus ds fy, fofHkUu iSjkehVlZ esa vkB

izf'k{k.k dk;ZØe vk;ksftr fd,A

izHkkx us tjuyl~ esa 22 ys[k izdkf'kr fd, vkSj jk"Vªh; o vUrjkZ"Vªh; lEesyuksa esa 49 isilZ izLrqr fd,] 67 vkeaf=kr okÙkk,Za iznku dh

vkSj ekfidh ds {ks=k esa muds }kjk vftZr Kku dk izpkj djus] xq.koÙkk iz.kkyh vkSj va'kkdu iz;ksx'kkykvksa dks LFkkfir djus esa lgk;rk iznku

dhA

rki o vknZzrk vkSj fuokZr ekudksa dh va'kkdu ekiu {kerkvksa dk ihvj iqujh{k.k Øe'k% PTB, Germany] NIST, USA ds rduhdh

fo'ks"kKksa }kjk fd;k x;kA BIPM osclkbV ds ifjf'k"V ^lh* ij CMCs dks Mkys tkus ls iwoZ CIPM MRA ds fn'kk funsZ'kksa ds vuqlkj APMP

lfpoky; vkSj muds rduhdh lfefr ds v/;{k }kjk CMC dk lw{e ijh{k.k fd;k x;kA

bl izHkkx ds oSKkfud ijh{k.k vkSj va'kkdu iz;ksx'kkykvksa ds fy, jk"Vªh; izR;k;u cksMZ (NABL), Hkkjr esa va'kkdu vkSj ijh{k.k

iz;ksx'kkykvksa ds izR;k;u ds fy, ,d ljdkjh fudk;] ds ekxZn'kZd vkSj rduhdh fu/kkZjd gSa tks jk"Vªh; ekiu iz.kkyh ds usVodZ dks fodflr

dj jgs gSaA



xzqi ds nzO;eku] yackbZ] nkc vkSj rki xfrfof/k;ksa us NABL }kjk vuqeksfnr bu iz;ksx'kkykvksa dh csgrjhu ekiu {kerkvksa@vuqeksfnr

vfuf'prrkvksa dh rqyuk esa NABL izR;kf;r va'kkdu iz;ksx'kkykvksa dh rduhdh {kerkvksa dk vkdyu djus ds fy, ,d n{krk ijh{k.k dk;ZØe

dk vk;kstu fd;kA bl izdkj ,u ih ,y ns'k dh jk"Vªh; ekiu iz.kkyh dks ll'kDr cukus esa NABL dks oSKkfud ,oa rduhdh lgk;rk iznku

dj jgh gSA

bl izHkkx ds oSKkfudksa dks BIS,  ubZ fnYyh dh fofHkUu foHkkxh; lfefr;ksa dk v/;{k@lnL; ukekafdr fd;k x;k gS vkSj os ekfidh o vU;

{ks=kksa ls lEcfU/kr fofHkUu Hkkjrh; ekudksa dks lw=kc) djus dh vko';drk dks lqfuf'pr djus ds fy, BIS dks rduhdh vkSj oSKkfud tkudkjh

miyC/k djk jgs gSaA



Physico-Mechanical Standards Division is one of seven R & D Divisions of National Physical Laboratory,

India. The division constitutes of mechanical measurement activities involving the parameters of

1. Mass, Volume, Density and Viscosity Standards

2. Length and Dimensional Standards

3. Temperature and Humidity Standards

4. Optical Radiation Standards (visible, infrared and ultraviolet region)

5. Force, Torque and Hardness Standards

6. Pressure and Vacuum Standards

7. Acoustic Standards

8. Fluid Flow Standards (Water medium only)

9. Ultrasonic Standards

10. R & D on Shock and Vibration Sensors

The division is responsible to establish, maintain and continually upgrade the National Standards of

Measurements related to above said activities and disseminate the standards by providing the apex level

calibration services to the industry and institutions of the country and thus ensures the traceability to

measurements made in the country.

The calibration and measurement capabilities (CMCs) of all the activities except Fluid Flow engaged in

measurement and calibration have been peer-reviewed by Technical experts of leading NMIs in the world.

NPL has thus met the requirements of Mutual Recognition Arrangement (MRA) of BIPM of which NPL, India

is the signatory. As a result, the CMCs of the peer reviewed activities are posted on BIPM website

(www.bipm.org) and the calibration certificates issued by these activities of NPL are acceptable world over.

The activities regularly participate in international inter-comparison organized/coordinated by BIPM

and or APMP (Asia Pacific Metrology Program) / RMOs (Regional Metrology Organization of Asian region)

regularly to cross-check and to validate the units and quantities of International System of Units, SI units.

In 2005-06 various activities of the division successfully participated in four intercomparison, issued

2907 Calibration reports to industries, institutions and accredited laboratories, provided consultancy to

two private/public entrepreneur in solving the metrology related problems, eight training programs in

various parameters were organized contributing to the development of skilled man power in the field of

metrology in the country.

The scientists of the division published 22 articles in Journals and presented 49 papers in national and

international conferences, delivered 67 invited talks and helped in disseminating the knowledge acquired

by them in the field of metrology, quality system and setting up of calibration laboratories.

Calibration Measurement Capabilities (CMCs) of Temperature & Humidity and Vacuum Standards were

peer-reviewed by technical experts from Physikalish-Technische Bundesapstalt (PTB) Germany and NIST, USA

respectively. The CMCs are being scrutinized by APMP Secretariat and respective Technical Committee

Chairman as per guidelines laid down by ClPM MRA before CMCs are placed on Appendix ‘C’ of BIPM

website.

The scientists of this division are the Lead and Technical Assessors for National Accreditation Board for

Testing and Calibration Laboratories (NABL), a Govt. body for accreditation of the Calibration and Testing

Laboratories in India which is developing the network of National Measurement System. The scientists

have helped NABL in assessing technical capabilities of several laboratories.

PHYSICO-MECHANICAL STANDARDS



Mass, Length, Pressure and Temperature activities of the group have organized proficiency testing

program in assessing the technical competence of NABL accredited calibration laboratories vis-a-vis the

approved uncertainties / best measurement capabilities of these laboratories as approved by NABL. NPL

have thus been providing scientific and technical support to NABL in strengthening the National

Measurements System in the country.

The scientists of this division are nominated as Members/Chairmen of various Sectional Committees of

Bureau of Indian Standards (BIS), New Delhi and have been providing technical and scientific inputs to BIS

for deciding the requirements for formulating the various Indian Standards related to Metrology and other

areas.
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MASS, VOLUME, DENSITY AND VISCOSITY

STANDARDS

Periodic calibration of the National Standards of

Mass and Precision Balances/Mass Comparators,

Volume Density and Viscosity as per Internal

Calibration Schedule of our quality system was

maintained. Two new sets of Density Hydrometers

(20 hydrometers per set) were purchased and

calibrated against the transfer solid density

standards.  These serve as Reference Grade

Hydrometers for   calibration work. A Set of

Standards of Mass (50 kg to 1 mg) was calibrated

during the Year for United Arab Emirates (UAE).

APMP.M.M.K2 Intercomparison

The group is coordinating and piloting the

APMP.M.M.K2 intercomparison in mass. Two sets of

Mass Standards (each with five weights) are in use.

One of these two sets is under circulation among 11

participating countries for intercomparison. This set

has been recalibrated by us during June 2005 and

then again in March 2006 to check the stability of

the mass values of this set against the second set

maintained by us for this purpose.

APMP.M.M.K6 Intercomparison

Participated in APMP.M.M.K6 intercomparison in

mass measurements in which 13 countries of Asia-

Pacific region have participated.  The Comparison

has been completed in September 2005 by us at NPL

and its report is awaited.

NPL-NABL Proficiency Testing Program

NPL is coordinating PT program in Mass

measurements where 20 calibration laboratories will

participate. The artifact to be used for this

intercomparison has been procured and a revised

protocol is being prepared.

LENGTH AND DIMENSIONAL STANDARDS

Length and Dimensional standard realizes SI Unit

’metre’ definition, maintains apex level standards

and disseminates traceability by way of calibration

and testing services. This section, participated in

measurement campaign (C-II, 2005) for BIPM

intercomparison, LK-11 for iodine stabilized

He-Ne Laser during November 2005. Detailed

investigations were carried out on NPL-I (1) 633nm

iodine frequency stabilized He-Ne laser used to

realize definition of ‘metre’.  This involved calibration

of Iodine finger temperature display; Measurement

of output power; Electronic offset; Frequency

stability of laser and measurement of  Frequency shift

with respect to modulation width and  iodine cell

temperature to estimate sensitivity coefficients of

laser frequency w.r.t. these parameters. Finally, the

laser frequency was measured with respect to BIPM

frequency Comb. The results of intercomparison

were satisfactory and will be published soon by

BIPM.

A project “Generic Development of Nano

metrology for nanotechnology at NPL-I” has been

initiated. The aim of the project is to develop

infrastructure and standards to disseminate

traceability to the instruments & artifacts used in

measurement for nanotechnology, materials and

devices. This project is funded by DIT for an estimated

amount of Rs 11.50 crores. The first installment of

Rs. 5.5 crores was received in Jan. 2006. The

procurement of various items for project is in

progress.

A preliminary facility for study of thermal

expansion behaviour of metallic blocks and rod was

setup. The set-up utilizes a temperature controlled

oil Bath with ±0.04 °C stability, Temperature sensors

with better than 0.1 °C accuracy and a probe with

resolution of 0.01mm. An uncertainty of ± 6% in

thermal expansion measurement was achieved. This

facility has been setup in NPL first time.

The Coordinate Measuring Machine is being

upgraded under network project CMM 24. Now this

machine is equipped with the window based

software which offers ease of CNC programming and

curve measurement. The performance evaluation of

machine is in progress.

The calibration services were provided to

industries, institutions and other organizations and

over 400 calibration reports were issued.

New software has been developed entitled

“Gauge Block Interferometry, A software tool for

research” and copy right SW-2353 through CSIR, New

Delhi has been obtained.
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TEMPERATURE AND HUMIDITY STANDARDS

The activities of Temperature & Humidity

Standards Group have been peer reviewed by the

international technical expert Dr. Joachim Fischer

from PTB, Germany during 2-4 August 2005. 14-CMC

claims were audited namely 4 in Glass thermometry,

8 in Thermocouples, 2 in Radiation Pyrometry and

1 in Humidity during the peer review.  The CMCs

will be published in the BIPM website Appendix ‘C’

after review by APMP.

Calibration facilities were provided to NABL

accredited laboratories and industries in the area of

temperature measurement in the overall range from

–90°C to 2200°C. This included high precision

thermometers, noble metal thermocouples and

digital thermocouple indicators, liquid baths,

Beckman thermometers, digital temperature

hygrometers, optical and infrared radiation

thermometers and tungsten strip lamps. An ECF of

about 16.6 Lakh has been realized through

calibration and  191 calibration reports issued.

A three-day “Advance Training Course on

Temperature & Humidity Measurement” was

organized for participants of NABL accredited

laboratories in the area of temperature and humidity

parameters at NPL, New Delhi during 8-10 November

2005. About 44 participants from different

laboratories and industries attended this training

course.

OPTICAL RADIATION STANDARDS

Calibration facilities for the photometric

parameters were extended to various lamp and

lighting industries, R and D institutions etc.  The

research and developmental work on studying the

photometric characteristics of light emitting diodes

including their color characteristics, wavelength and

intensity variations on the environmental conditions

were carried out.  The calibration facility for the

photometric parameters of the LEDs a frontier area

is being planned. Calibration & Measurement

facilities in air UV spectral region were maintained

and extended to user industries and institutions.

Sponsored projects

Birla Management Corporation Limited, Bombay

Sponsored project entitled “NIR spectroscopy

technique for cellulosic materials”

The project is in progress and is likely to be

concluded soon.

DST sponsored project on “Studies on the effect of

dynamic multiple scattering on the frequency shift

of spectral lines and applications”

Doppler-like wavelength shift by dynamic

multiple scattering of radiation (Hg lines emanated

from Hg discharge source) by a medium whose

dielectric susceptibility is a function of both time

and space called an anisotropic plasma medium (the

source and the medium are at rest with respect to

the observer) has been observed in the redshift and

broadening the lines emanated from Hg discharge

source. These results are expected to produce new

insights for the astronomical domain, particularly

for discordant redshifts in quasars.

Space Application Sponsored project on

“Development of Calibration-Validation (CAL-VAL)

site at Kavaratti Island”

Performance evaluation of the instruments (sources

and detectors) procured by SAC, Ahmedabad for the

parameters and uncertainties as per manufacturer’s

certificate was done at NPL, New Delhi.  Research on

the determination of the immersion factor was also

carried at various levels of water and various type of

water Calibration procedures.

Special achievements

Information encoding by spectral anomalies of

spatially coherent light diffracted by an annular

aperture

Study has been carried out to investigate spectral

behavior of spatially polychromatic coherent light

diffracted by an annular aperture. It is found that

the spectrum of the radiation at observation plane

exhibits anomalous behavior after passing through

an annular aperture. Experimental observations

show that at some diffraction angle, the diffracted

spectrum splits into two lines, while at other

diffraction angles the spectrum either shifts towards

lower frequencies or shifts towards higher

frequencies. These spectral changes take place in the

vicinity of the dark ring of the Airy pattern. Moreover,

the behavior of the spectrum in far zone along a

circle crossing a critical direction is also studied and



HkkSfrd & ;kaf=kd ekud

okf"kZd izfrosnu 2005&20068

it is found that these spectral changes are

qualitatively different from the spectral changes of

spectrum of focused waves on a circle centered at a

singular point. It is discussed that such spectral

anomalies of spatially coherent light may be

exploited for information encoding and information

hiding for free-space communications.

Construction of spatial - coherence spectral filters

The schematics of the experimental setup for the

generation of special type of filters called spatial

coherence spectral filters is shown in Fig.1.1 and

the filters realized are shown in the Figs. 1.2 and

show the scatter in the values of ten measurements.

These filters might find applications in (i) astronomy

(in the search of particular spectral lines) (ii)

developing spectrum-selective optical interconnects

or (iii) in cryptography.

The experimental setup for the generation of

special type of filters called spatial coherence spectral

filters and the filters realized are shown in the Figs.

1.1, 1.2 and 1.3. Theses filters might find

applications in (i) astronomy (in the search of

particular spectral lines) (ii) developing spectrum-

selective optical interconnects or (iii) in

cryptography.

1.3.  Results of the observation for producing low

pass filter (passing lower frequencies or higher

wavelengths) are shown in Fig. 1.2 using a circular

source A
1
, The filtered spectrum of the high intensity

tungsten halogen lamp was obtained with optics

(A) at an angle of observation equal to 00, (B) in the

direction of 140 from the optic -axis and  (C) in the

direction of 280 from the optic -axis.  Results of the

observation for producing bandpass filters (passing

a band of frequencies or wavelengths)are shown in

Fig. 1.3 using an annular source A
1
, The filtered

spectrum of the high intensity tungsten halogen

lamp was obtained with optics (A) at an angle of

observation equal to 120 (B) in the direction of 200

from the optic -axis (C) in the direction of 250 from

the optic -axis. In these figures solid dots show the

average value of ten observation and error bars

Fig. 1.2. Low pass SCSF at different angles

Fig.1.1 Schematics of the experimental setup for observation
of spatial-coherence spectral filters (SCSF) using a
Fourier-achromat.  S is a tungsten halogen lamp, A1,
A2 and A3 are the circular apertures, An is the annular
aperture (which replaces circular aperture A1, for
producing no-uniform band pass filter), FA is the
Fourier -achromat.
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FORCE, TORQUE AND HARDNESS STANDARDS

Design, Development and fabrication of torque

transducers of capacity 1000 Nm

Torque is an important physical parameter,

largely used in mechanical, automobile,

infrastructures and power industries. In the recent

past there has been an increasing demand from the

industries to measure torque more precisely

particularly on rotating parts. The commercially

available torque measuring instruments are of

mechanical type and have an accuracy of ± 1% to

± 5 %. It is inevitable to develop high accuracy torque

transducers to be used as transfer torque standard

for harmonizing the unit of torque and to

disseminate the torque scale to the user industries

timely and economically.

Reaction type torque sensing elements having a

capacity of 1000 Nm were indigenously designed

and fabricated using a strain gauge technology (Fig.

1.4). The metrological characterization of the torque

transducers so developed (Fig. 1.5) are found to show

a repeatability of ± 0.03 % and reproducibility of

± 0.12 %. The overall estimated uncertainty

associated with the torque measuring device is found

to be better than ± 0.10% (k=2), taking into account

the best measurement capability (BMC) of the

machine ± 0.05% (k=2). The designed and

fabricated sensing elements can be used as a

reference standard for precise measurement of

torque by user industries where the uncertainty in

the measured torque is not required to be better

Fig. 1.3. Bandpass SCSF at different angles than ± 0.10%. Further work is in progress to develop

torque transducers for the extended torque range

and also to lower down the uncertainty in the torque

measurement.

Indigenous development of 500 kg dead weight

machine with lower uncertainty

To meet the requirement of standardization of

load cells, the National Physical Laboratory (NPL),

New Delhi, has indigenously designed, developed

and fabricated a fully automatic dead weight

machine, for Regional Reference Standard

Laboratories at Ahmedabad & Bhubaneshwar, Min.

of Consumer Affairs, and Food & Public distribution,

Govt. of India.

Fig. 1.4. Indigenously designed and developed Torque
transducer
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The machine uses a novel method for loading

and unloading of dead weights individually using

pneumatically operated cylinders, there by reducing

the stabilization time and enhancing the

repeatability considerably. These features have led

Extramural Human Resource and Development

The Central Manufacturing Technology Institute,

Bangalore is involved in manufacture of standard

hardness blocks for meeting the requirement of the

Indian industry. The institute, though manufacturing

good quality blocks, was facing the difficulty of

assigning precision and accurate hardness values

traceable to national standards. To solve this

problem, an MOU was signed between CMTI,

Bangalore and NPL, India under which it was agreed

that CMTI would manufacture good quality hardness

blocks and NPL, India would assign standard

hardness value to the blocks, which would enable

NPL to add additional ECF of about Rs. 4-5 lakh every

year, besides providing traceability to hardness blocks

in the country.

to development of a machine with lower uncertainty

of ± 40 ppm (0.004%) throughout the range of

measurement and improved efficiency of calibration

process using window-based software.

Establishment of a new Torque primary standard facility

at NPL (Among the First One in Asia Pacific)

A new torque primary standard has been

established by supporting a lever on a strain

controlled elastic hinges as shown in Fig. 1.6. The

machine can be used to calibrate the torque

transducer in the range of 20-2000 Nm with an

uncertainty of ±0.01% (k=2). A preliminary

comparison measurement between the PTB,

Germany and NPL, India in 2000 Nm torque range

using a 2000 Nm torque transfer standard are in

significant agreement.

Establishment of Hardness primary standard for Vicker’s

and Brinell scales

The group is providing national traceability for

Rockwell Hardness but a need was felt to cover all

the scales of hardness i.e.  Brinell and Vikers. A special

grant of Rs. 2.15 crore was obtained from DST

through NABL to establish these facilities at NPL.  The

order for both the machines has already been placed

and the L/C is opened. It is expected that these

facilities would be in operation before the end of

2006.

PRESSURE AND VACUUM STANDARDS

Characterisation and Establishment of Hydraulic

Controlled Clearance Primary Pressure Standard up

to 1.0 GPa and computation of associated

uncertainties

Controlled clearance type piston gauge (CCPG)

is an ultimate primary instrument for the hydrostatic

pressure measurements and its use as reference or

primary standard is well established and

internationally accepted. However, the rheological

properties, mainly, the viscosity and density of the

pressure transmitting fluids contribute significantly

above 500 MPa.  Systematic studies were carried out

to characterise such a controlled clearance piston

gauge, established at NPL, India, in the hydraulic

pressure region up to 1000 MPa. During this process,

Fig.1.5. Performance characterization of the indigenously
desgined and developed 1000 Nm in Torque
transducer

Fig.1.6. Newly established Torque primary standard
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the combination of several working fluids viz. pure

J-13 and mixture of J-13 and aviation turbine fuel

(ATF) (one part of J-13 and 2 parts of ATF), pure

di-ethyl hexyl sebacate, pure unleaded white

gasoline, mixture of white gasoline and sebacate oil

were used as pressure transmitting fluids and finally

the mixture of white gasoline, J-13 and sebacate oil

was found suitable to generate the pressure upto

1.0 GPa. Using the mixture of 5 % straight run

unleaded white gasoline, 10 % pure J-13 and 85 % di

ethyl hexyl sebacate, it was possible to generate the

hydrostatic pressure up to 1.0 GPa, the ultimate full

scale pressure of our primary pressure standard. The

detailed studies were carried out on the

measurement of piston fall rate as a function of the

applied jacket pressure (p
j
) for each of several loads

(50 kg.). Following the W & H method, the cube

root of the fall rate was plotted as a function of

applied p
j
 and extrapolating the linear portion of

the curve to zero fall rate which provides the values

of p
z
 for different loads. From the p

z
 at different loads,

the zero clearance between the piston and cylinder

was determined. The values of jacket coefficient are

computed by analyzing the dependence of effective

area and the jacket pressure, p
j
 using a theoretical

method as well as an experimental method. The

detailed uncertainty budget is prepared at 1.0 GPa

using all the possible associated uncertainty

contributions. Some of the results obtained during

the period under report are shown in Fig. 1.7 and

Fig. 1.8.

Supplementary Comparison APMP.M.P-S2 (bilateral

comparison) at a nominal pressure of 0.05 Pa

(Collaborative R & D work with NIST(USA))

Nominal pressures of 0.05 Pa are generated (i)

at the NPLI by their Static Expansion System (SES)

using the method of single stage expansion and (ii)

at the NIST by their mid-range orifice flow standard.

NPLI had recently made a fresh determination of the

volume ratio of their SES using two resonance silicon

gauges of different full-scale ranges to measure the

initial and the final pressures. NPLI carried out

bilateral comparison with NIST, USA. This comparison

is listed as a supplementary comparison APMP.M.P-

S2 in the BIPM data base. NPLI served as the pilot

lab for the comparison.  At each laboratory, multiple

measurements of the accommodation coefficients of

two rotors were made using the respective high

vacuum standards of NPLI and NIST. In this

comparison, the degree of equivalence between the

nominal pressure generated by the vacuum primary

standards of NPL of India and NIST was tested. Both

standards were fully equivalent for the pressure

0.05 Pa.

Coordination of Proficiency Testing in the Hydraulic

Pressure Measurements up to 70 MPa under MoU

with NABL

NPL, is coordinating four more NABL sponsored

proficiency testing program, these are PT004, PT005,

PT006 and PT007 in the pressure range 0 – 70 MPa

using one dead weight tester, digital pressure

calibrator and two pressure dial gauge, respectively

as artifacts. The total number of 65 NABL accredited

pressure laboratories form all over India have agreed

to participate in these programmes. The technical

protocols have been prepared. The characterization

of the artifacts have been completed. The artifacts

will be circulated to the participants soon.

Fig. 1.7. Fall rate data at ten different loads

Fig. 1.8. Pj as a function of Pm
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Characterisation of a compact 200 MPa controlled

clearance piston gauge as a primary pressure

standard using the Heydemann and Welch method

(Collaborative R & D work with NIST(USA))

Controlled-clearance piston gauges are used as

primary pressure standards at many National

Metrology Institutes. The National Institute of

Standards and Technology (NIST), in collaboration

with the National Physical Laboratory (India), are

studying the performance of a new generation of

controlled clearance gauges that offer the potential

for reduced uncertainties. The gauges are also well

suited for inter-laboratory comparisons because of

their smaller, integrated design, and use of existing

mass sets. The characterization of a 200 MPa oil-

operated controlled clearance gauge using a 2.5 mm

nominal diameter piston and cylinder was carried

out. The gauge is operated with an external cylinder

pressure of 0 MPa to 80 MPa. The piston fall rate

measurements, deformation measurements, piston

diameter measurements, and modeling calculations

using the Heydemann-Welch (HW) method on two

occasions over a two-year time period have been

studied in details. The relative standard uncertainties

in the effective area (A
e
) using the HW method range

from 17x10-6 at 20 MPa to 24x10-6 at 200 MPa. We

have compared results of the HW method to the

present NIST hydraulic pressure scale. For pressure

of 180 MPa and lower, there is agreement in A
e
 within

the combined standard uncertainty; at 200 MPa there

is agreement within the combined expanded (k=2)

uncertainty.

ACOUSTICS STANDARDS

The Acoustics Section continued with the

following activities, viz.

i) Maintenance of Primary Standards of Sound

Pressure & Vibration Amplitude

ii) Calibration & Testing of electro-acoustical items

and acoustic products.

iii) Rendering consultancy in Building Acoustics,

Noise & Vibration & Sodar.

iv) R & D in Technical Acoustics.

Preparations were carried out towards

renovating the acoustics laboratories and

undertaking internal audit prior to International Peer

Review scheduled for September, 2006.

During the period 246 calibration/ Test Reports

were issued and the ECF realized was to the tune of

Rs.66 lakh including three consultancy projects

undertaken.

The following consultancy / R&D projects were

of national importance in view of the press coverage

and publicity obtained for the same.

1. Tentative Noise Control Measures for the

Commonwealth Games Village near NOIDA Mor.

A ‘package of noise control measures’ were

proposed to bring down the expected noise levels

in and around the Games Village within acceptable

limis.  These measures include the following options:

1. Erection of a half-Y noise barrier of 4 m height

and 1 m projection slanting at 30° towards the

traffic side near the rail corridor, NH24 and Link

Road. The barrier can be of modular

construction, fabricated elsewhere and joined at

site.

2. A thick plantation should be grown on the sloppy

terrain stretching over 50-100 m along the

railway track / highways. It should consist of non-

deciduous straight growing trees with dense

bushes / shrubs in between.

3. An environmental noise barrier can also be

constructed along the Games village boundary

facing the rail corridor with suitable mound /

earth berm and a noise barrier erected at the

top. This could well be integrated into the

surrounding with proper landscaping /plantation

4. The residential units should be designed based

on ‘self protecting’ concept with critical areas

located away from facing noise sources with

buffer zones housing in less critical areas.

5. The sound insulation of buildings elements of

upper floors of residential units facing the rail

corridor / highways should be enhanced by using

double glazing, cavity walls, insulating gaskets

etc.

6. As the farthest line of traffic / rail tracks dominates

the noise at the receiver, it is highly desirable to

erect an additional noise barrier ( with dense

shrubs / bushes grown on both sides ) of height

1.5 m between the two carriage ways / rail tracks

to contain  tyre / wheel rail noise effectively.
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7. As absorptive barriers are preferred to plain

barriers, it is desirable to grow some dense

bushes or shrubs along the track / road side of

the noise barriers.

8. Improved signaling , fencing and proper security

arrangements can definitely help to declare the

rail corridor a ‘horn free’ zone

9. Similarly proper maintenance of track and rolling

stock will definitely help to reduce the emitted

source noise levels.

10. It is also important to consider quieter road

surfaces for NH 24 and Link Road. These include

porous asphalt, rolled asphalt, whisper concrete

etc.

2. Noise Control Measures for Delhi Metro

It was observed that the operation of metro

trains in underground corridor created higher interior

noise levels inside the cars by about 5-10 dB from

the specified values.  Hence a package of noise control

measures was suggested to reduce the higher noise

levels.  The major stress was given to the following

immediate measures like i) acoustic treatment of the

tunnel side walls in a composite fashion, ii) provision

of ballast beds and ballast mats, iii) improved sound

isolation of the various  elastomeric  mounts / pads

used in the car, iv) systematic maintenance of the

wheel & rail surfaces , v) installation  of wheel tread

condition monitoring system etc. Also certain long

term measures were proposed. These included

introduction of disc brakes, wheel skirts, acoustic

enclosures for auxiliary units, bogie shrouds,

installation of low movable noise barriers, spiked

wheels etc.

ULTRASONICS STANDARDS

The ultrasonic Standards continued to provide

services to the industries for the calibration of

ultrasonic non-destructive testing equipment,

ultrasonic medical equipment and underwater

acoustic equipment. Method of measurement and

associated uncertainty in measurement was

established in evaluating the mass of milligram

weights in water as a function of time. This will help

in reducing the uncertainty in evaluation of change

in mass of target due to irradiation of ultrasonic

power in milliwatt range. Design of transducer holder

was also modified for ultrasonic low power

measurement to accommodate probe of any

diameter provided with mini UHF connector.

Uncertainty in the ultrasonic power measurement

due to drift of float target was reduced and brought

to nearly zero by introducing a specially designed

glass aperture which arrests the drift within 1 mm.

Development of ultrasonic transducer to work at 2,

5 and 10 MHz with high power output levels was

studied. Material selection and procurement has

been completed besides the cutting, polishing, etc.

Samples of carbon fibre composites were subjected

to very large number of experimental studies. Water

was let to ingress in steps and measurements were

made for increase in mass and ultrasonic parameters

using Lab View software. Correlation between

various parameters up to a moisture level of 1% has

been established.

FLUID FLOW STANDARDS

The primary Standard Facility for Fluid Flow

(water) is under up gradation and modernization to

make it operator friendly, with indigenous software

so that the system is understandable and in

full control to enable the in house maintenance.

Significant modifications in the domestic water

meter facility have been made in the existing facility

to enhance the rate of testing of the meters. Testing

of the water meters was carried out for the water

meter industry. A consultancy project entitled

“Augmentation of the domestic water meter facility

at Aman Engineering Works Jalandhar “was

successfully completed and the detailed project

report submitted for future use.

R&D ON SHOCKS AND VIBRATIONS

Piezoelectric Accelerometers

The pioneer work on the development of various

accelerometers has always been a proud of the

laboratory. The availability of indigenous

accelerometers with proven overall excellent

characteristics comparable to the International

quality at reasonably affordable prices has

contributed significantly towards the economic

growth of the country by way of saving the large

amounts of precious Foreign Exchange. As a result

of the efforts of NPL and the confidence shown by

the users in its accelerometers, the world’s largest

manufacturers of this device have reduced their prices
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in the Indian market. One of the world best

manufacturers M/s Kistler Instruments (Pte) Ltd,

Singapore, has also approached NPL for a protocol

to get their accelerometers manufactured by NPL,

for its prospective sale in the Asia-Pacific Region. This

high-tech development is therefore expected to

foresee export potential (generation of usable

resources through exports) in the near future.

This year, M/s Techno Instruments Co., Delhi, has

acquired the technology. The firm is manufacturing

the accelerometers successfully, based on the

technological know-how developed at the

laboratory. Many other industries are also in the

queue to acquire this unique technology. In the

current year, a very special module of voltage mode

accelerometer is developed with an in built low cost

charge to voltage preamplifier, and is designated as

PL-1100CV. The developmental work of PL-1100CV

was completed by successfully integrating the

miniature charge amplifier circuit with in the

accelerometer housing followed by performing

extensive quality evaluation and endurance tests on

the unit satisfactorily. Characteristic specifications

of voltage mode accelerometer type PL-1100CV are

given in the table below, along with other modules

developed previously. Technological Process Know-

Hows for commercial production of all of these low

cost, high performance accelerometers are readily

available from NPL.  Many high profile potential users

from the core sectors, Defence, Space, Nuclear, Power,

and Aerospace, etc., have also requested us to

develop specific accelerometers for their intrinsic

requirements.

As part of its regular on going activities the

group continued to provide its specialized scientific

services to the users from almost every sector, and

provided them low cost, high value solutions for

their requirements. Test and Calibration services are

also provided to a number of industries and other

organizations.
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ELECTRICAL AND ELECTRONIC STANDARDS

Electrical and Electronic Standards Division covers the following Standards activities:

1. Time and Frequency

2. Quantum Hall Resistance & Superconducting Devices

3. Josephson Voltage and DC Current, Voltage & Resistance Standards

4. DC High Voltage Standards

5. AC Power and Energy Standards

6. AC High Current and High Voltage Standards

7. LF and HF Impedance Standards

8. LF and HF Voltage, Current & RF Power Standards

9. RF Attenuation & Impedance Standards

10. Magnetic Standards

11. Biomedical Measurement & Standards

The Division maintains Primary/National Standards of various electrical and electronic parameters and

disseminates them by providing traceability through calibration.

Various areas in the Division are also actively involved in the international intercomparisons organized by

international bodies like BIPM, APMP and so on and also the bilateral comparisons to establish international

traceability and the degree of equivalence.

The Calibration and Measurement Capabilities of most of the parameters covered in the Division are

internationally accepted and appear on the BIPM website. This is a result of Peer Reviews conducted under

APMP guidelines.
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Time and Frequency Standards

One of the commercial Cesium atomic clocks is

used to maintain UTC(NPLI). With the procurement

of two multi-channel GPS Receivers calibrated by BIPM,

the uncertainty of UTC(NPLI) has improved to ±  7.6

ns. The cesium clock has been steered to follow the

UTC within ±100 ns.

NPLI participated in GPS Receiver calibration

campaign conducted by APMP during January-

February 2006. Result of this campaign is awaited.

NPLI disseminates standard time and frequency

signals (STFS) via geostationary satellite INSAT with

an accuracy of ±10 µs, which can be improved to ± 1

µs using differential mode. Another time service via

telephone line (known as Teleclock service) is also

being provided by NPLI.

Development of Laser cooled Cesium Fountain

clock has been undertaken by NPLI. The overall design

of the optical setup and the physics package has been

finalized. The system is in process of integration.

Work has been done on the application of

squeezed states for enhancement of laser cooling

force. For Coherent Population Trap (CPT) atomic clock

electronic circuits for 1.5 GHz Synth, VCSEL driver has

been developed. The VSCEL chip packaging got

completed. A new compact vacuum system for filling

Rb85 cells has been developed.

Quantum Hall Resistance Standard &

Superconducting Devices

Quantum Hall Resistance Standard

NPL is maintaining primary standard of dc

resistance based on quantum Hall effect which

provides a reference standard of resistance linked to

fundamental constants. The quantum Hall resistance

standard is used to calibrate a secondary 1kΩ resistor

by using a room temperature direct current

comparator bridge, at different temperatures with

uncertainty of 0.08 ppm. To improve the accuracy and

extend the range of calibration, the system is being

upgraded with the development of cryogenic current

comparator (CCC).

Low Temperature Transport Study of Double Layered

Manganite

The bulk samples of double layered

La
2-2x

Ca
1+2x

Mn
2
O

7
 manganite for different

compositions x = 0.1, 0.2, 0.3 and 0.4 were prepared

by solid state reaction method. X-ray diffraction

studies showed phase purity with tetragonal structure.

The temperature dependence of resistivity in low

temperature region (4.2 ≤ T ≤ 50 K) have been studied.

At low temperatures the resistivity increases with the

decrease in temperature. The resistivity minima were

observed at temperatures of 13, 16, 17 and 19 K for

composition x = 0.1, 0.2, 0.3 and 0.4 respectively.

Studies were also made for temperature dependence

of real part of AC susceptibility for La
2-2x

Ca
1+2x

Mn
2
O
7

(x=0.1, 0.2, 0.3 and 0.4) in the temperature range

from 4.2 K to 50 K.  The real part of AC susceptibility

decreases slowly with the decrease in temperature and

then at a temperature it decreases sharply for all

compositions. This is attributed to the onset of

antiferromagnetic ordering in the sample. The

antiferromagnetic ordering temperature (T
N
) at which

sharp decrease of ac susceptibility occur, is found to

be 21, 16, 14 and 37 K for samples with dopant

concentration x=0.1, 0.2, 0.3 and 0.4 respectively. For

analyzing the experimentally observed temperature

dependence of resistivity, the resistivity - temperature

curves were simulated using weak localization,

electron - electron scattering and electron – phonon

scattering mechanisms.

Josephson Voltage Standard and DC Current,

Voltage and Resistance Standards

Josephson Voltage Standard

Josephson series array voltage standard is being

maintained at 1 volt level. The “National Standard” of

volt is calibrated at regular intervals against the

Josephson Voltage Standard. The establishment of the

Josephson series array voltage standard at 10 volt level

is in progress.

DC Current, Voltage and Resistance Standard

National Standards of unit volt and ohm are being

maintained in the form of a bank of 1Ω resistors and

bank of zener reference standards. These are

monitored and calibrated at regular intervals to

maintain the traceability.

The second phase of proficiency testing program

under NPL-NABL MoU on DC resistances (1 Ω, 100 Ω,

1 kΩ and 10 kΩ) has been completed and the report

is under process. A total of 18 laboratories participated

and NPL was coordinating this program.
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NPL received a project entitled “Generic

development of nanometrology for nanotechnology

at NPLI” from Department of Information Technology,

New Delhi. This project aims at establishing a

nanometrology laboratory to provide high precision

calibration for some parameters.

DC High Voltage Standards

The aim of this activity is establishment,

realization, upgradation and maintenance of National

Standard of DC high voltage through continuous

research and development. It is providing calibration

facility for High Voltage DC equipments ie. DC High

Voltage probe, DC High Voltage divider, DC High

Voltage Power Supplies and DC Volt meter, upto 100

kV.  Primary standard of DC High Voltage is the

Resistive Divider, which is traceble to Josephson

voltage standard.

Peer Review of DC high voltage laboratory was

conducted as per APMP guidelines. The claimed

Calibration and Measurement Capabilities have been

uploaded on the BIPM website after review.

AC Power & Energy Standard

Calibration facilities, traceable to PTB Germany,

have been established for Active Power & Energy in

the frequency range of  70 Hz to 400 Hz using reference

AC Power & Energy standard (ILM-03) for 0.01 W to

69120 W (voltage: 10 V to 576 V, current: 0.01 A to 120

A, power factor : 0.1 I/C to 1.0  for  power and 0.25 I/C to

1.0 for  energy). The uncertainty of measurement is (200

to 500) cos∅ mW/W. This facility will be mainly utilized

for defence departments.

To solve the problem of influence of magnetic

fields (AC/DC) on the performance of energy meters,

a detailed study has been done by applying different

magnetic field strengths (AC/DC) on all the  accessible

surfaces of different energy meters. It was observed

that by applying AC  magnetic fields of more than 10

milli Tesla and DC magnetic field of 100 milli Tesla, in

general the energy meters record less energy, either

due to the influence on the CTs and other components

used inside the meters or  influence on the servomotor

used for driving the mechanical registration counters.

By applying proper soft iron shielding and by

maintaining proper air gap, the influence was

minimized. Based on our report Central Board of

Irrigation and Power has included several AC/DC

magnetic influence tests in Technical Report CBIP –

88 (a technical specification for static energy meters)

and Technical Report 69 (a technical specification for

electromechanical energy meters).

AC High Current & High Voltage Standards

This section is maintaining National Standards of

AC High Current & High Voltage Ratios at power

frequency (50 Hz) by using Reference Standard Current

Transformers and Reference Standard Voltage

Transformers.

LF and HF Impedance Standards

This activity is maintaining the primary standards

of capacitance, inductance and ac resistance. Value to

the 10 pF capacitor is assigned through primary

standard, calculable cross capacitor, with an

uncertainty of 0.6 ppm using precision ac bridges.

Scale of capacitance is build up from 10 pF to 1 F

using transformers bridges. The unit of inductance,

Henry, is realized from capacitance and resistance

using Maxwell-Wien Bridge.

The unit of ac resistance, Ohm, is also realized

from capacitance. using Quadrature Bridge and other

precision ac bridges at 1kΩ . The scale of resistance

from 1Ω to 1 MΩ is build up with Kelvin double arms

ac bridge.

Precision reference airlines are being used as

primary standards of HF impedance in frequency range

of 10 kHz to 250 MHz.

LF & HF Voltage, Current & RF Power Standards

Facility for calibration of ac-dc current shunts and

measurement of ac current up to 100 amperes in the

frequency range 40 Hz to 10 kHz has been established.

For this the transconductance amplifier and ac-dc

current shunts have been procured through funds

under CSIR Networking Project CMM0024. The

reference standard current shunts have been made

traceable to the primary standard of ac-dc current

transfer using ac-dc substitution technique. The

photograph (Fig 2.1) shows the set up for inter

comparison of a 30 ampere current shunt against a

20 ampere current shunt.
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RF Attenuation and Impedance Standards

The Calibration facilities have been established for

Broad-band complex S- parameter measurements

using Vector network analyzer system (Fig. 2.2).

We have participated in the CCEM International

Key Comparison CCEM.RF-K5b.CL “Scattering

Coefficients by Broad-Band Methods 2 – 18 GHz - Type

N connector ”. Under this comparison, the real and

imaginary components of complex S-parameters were

measured for one-port and two port components

(Seven artifacts) at 17 frequency points. Also the

studies of the covariance matrix and correlation

coefficient have been done for the comparison.

Nineteen NMIs all over the World have participated

in the BIPM Key comparison.

iron nanoparticles have been synthesized by exploding

wire technique for the purpose. Room temperature

magnetic hysteresis measurements upto a field of 1

Tesla were performed on these nano particles in the

form of  powder. The M-H loop , indicated that the

particles are super paramagnetic in nature. The

saturation magnetic moment was found to be of the

order of 60 emu/gm. Transmission electron microscopy

revealed the size of the nono particles to be in the

range of 10 nm to 50 nm.

This study will help in decontamination of ground

water.

Besides, industrial metrology of different tests on

magnetic measurements have been undertaken by the

group and is also undertaking the testing of magnetic

materials received from industries for intrinsic

magnetic material properties  measurements which

have been investigated using Vibrating Sample

Magnetometer (VSM). Facilities are available for

the measurement of M-H loop upto magnetic field

1.4 T .

Biomedical Measurements and Standards

Basic Tissue Characterization

Extensive research has been pursued on

ultrasonic, acoustic, electrical, and dielectric

parameters of tissue equivalent phantoms for

biomedical applications. These parameters will be

highly useful for developing standard phantoms of

vital human organs such as lever, kidney etc. A few

samples of tissue equivalent phantoms developed by

this group are shown in Fig. 2.3.

Fig. 2.1 : Set up for comparison of 30 A shunt  against 20 A
shunt.

Fig. 2.2. Complex S-parameter measurement facility

Magnetic standards

An active research participation with Delhi

University has been fostered on the nano-particles of

iron in colloidal form to investigate its magnetic

behavior using Vibrating Sample Magnetometer.  The

Independent Component Analysis

Biomedical signals like ECG and EEG are usually

weak signals, which are often contaminated by

artifacts and noise, pose a great challenge to diagnose

Sample 2Sample 1

Fig. 2. 3. Samples of tissue equivalent phantoms
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properly the root cause of EEG related problems. The

group has developed an ICA algorithm for removing

EEG, ECG artifacts and noise from the biomedical

signals for better understanding and accurate

diagnosis of the problem.

ECG Standard Facility

The laboratory has undertaken the task of setting

up a centralized state of the art facility for providing

to the user agency, the best of calibration services of

electro-medical equipments. A standard bio-simulator

system with 1mV in built signal generating capability,

calibrated at NPL, is used as a secondary reference source

for calibrating the ECG machines. The set up of ECG

calibration facility will look like as shown in Fig. 2.4.

Quality System

NPLI has been following Quality System based on

the international standard ISO/IEC 17025, in the area

of Test and Calibration. From the standards area,

seventeen activities have been Peer Reviewed by

technical experts from other NMIs. A total of 445

Calibration and Measurement Capabilities (CMC)

claimed by NPLI have been verified, found correct and

appear on the BIPM website. Similarly, 58 key and

other comparisons, wherein NPLI participated, appear

on the BIPM website. All the test/calibration areas of

NPLI are periodically audited to confirm the continued

compliance to the international standard.

A revised Quality Manual based on the revised

standard is under preparation. Efforts are on to include

material and chemical testing and calibration activities

in the Quality System.

A delegation from NPLI participated in APMP

General Assembly and related meetings in 2005, held

in Jeju, Korea.Fig. 2.4 ECG calibration set up
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ENGINEERING MATERIALS

The Division of Engineering Materials mainly comprises of Metals & Alloys, Advanced Carbon Products,

Polymeric & Soft Materials and Liquid Crystal groups. The objective of this division is to develop materials,

processes and technologies for components, devices and systems in the above mentioned areas. The R&D

output of the division includes the development of aerospace metallic materials, composites, advanced

carbon products, liquid crystals, conducting polymers, optoelectronic devices, organic light emitting diodes,

sensors, health care devices etc. These materials find applications in strategic and industrial applications;

General Motors have sponsored a collaborative project to NPL on the development of extrusion technology

of Mg alloys for automobile applications. More such industrial linkages with other industries like Reliance

Industries, Rane Group of Industries are envisaged for future.

Several developmental projects, such as, CSIR network, sponsored, grant-in-aid, collaborative and

consultancy are successfully being implemented/ completed for different R&D organizations, both in the

public and private sectors.
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A. METALS & ALLOYS

Development of different grades of Magnesium and

Aluminium light weight alloys and their composites

Work was extended during the year to develop

light weight Magnesium and Aluminium alloys for

their possible application in aerospace and

automobile sectors, with emphasis both on material

and component development. The thrust, however,

is on developing Mg-alloys under various

Consultancy, Network and Sponsored projects,

primarily due to the resurgence of Mg-alloys as a

structural material for automobile and aerospace

applications. Under the General Motors consultancy

project, the effect of die design, alloy composition

and extrusion parameters were studied in order to

develop extruded Mg-alloys circular rods and tubes.

Under CSIR Network project on Mg-alloy

development of rare-earth doped Mg-alloys using

spray forming, most of the target properties, as laid

down under the project, pertaining to the porosity,

yield and grain size have been met.  Work was also

continued under an in-house project on the

development of Functionally Gradient Metal Matrix

Composites using the modified stir-casting

technique.  MMC composites work was also

continued in another CSIR Network Project under

which Cu-based MMCs are being developed using

the powder metallurgy technique.

Magnesium Alloys

General Motors Sponsored Project entitled

“Advanced Magnesium Extrusion Alloys”

Magnesium alloy development is currently been

extensively driven by aerospace & automobile

industry requirements for lightweight materials to

operate under increasingly demanding conditions.

As a result, several automobile companies world

wide, have launched massive R & D initiative in this

direction in order to achieve potential weight savings

to reduce vehicular emission and increase fuel

efficiency.  However, one of the main limitations of

Mg-alloys, currently faced by industry, is the poor

formability of these alloys due to limited room

temperature ductility (owing to its hcp structure).

In this context General Motors sponsored a project

to NPL on “Advanced Magnesium Extrusion Alloys”.

Under this project, effect of die design, alloy

composition and extrusion parameters is to be

studied to develop Mg alloys possessing high

strength and high ductility.

Extensive experimentation were conducted using

Mg alloy billets to fabricate hollow circular tubes

using a conical/dish shaped and a porthole die.

Detailed characterization including microstructural

examination and evaluation of mechanical properties

was carried out and it was found that although port-

hole die is more industrially common, the Mg-alloy

tubes extruded using conical/dish shaped dies gave

comparable results.  The interesting results have

been obtained in the case of circular extruded rods

of Mg alloys. The rods were extruded at different

extrusion ratios, i.e., 9:1, 25:1 and 36:1. It was found

that optimum properties are obtained at the

extrusion ratio of 25:1, achieving high ductility.

A typical SEM of tensile fractured surface of this

Mg-alloy extruded rod is shown in Fig. 3.1, clearly

showing features of a ductile fracture.

Fig. 3.1 :  SEM of tensile fractured surface of Mg-alloy
extruded rod showing ductile fracture

The main advantage of this high ductility

observed is that such extruded alloys can further be

secondary processed with ease for development of

various components for specified automobile

applications, using hydroforming, bending and other

forming operations. The investigations on more alloy

compositions and extrusion-processing parameters

are under progress.

CSIR Network project on “Synthesis of Mg-alloys

using rapid solidification and employing spray

forming followed by secondary processing”

Under this Network project on development of
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Mg-alloy L126 (Mg-RE-Zn-Zr), experiments was taken

up using spray-forming technique by depositing the

atomised droplets on a water-cooler copper

substrate employing the spray atomisation and

deposition unit.  Various spray forming process

parameters are being optimized like, melt

temperature, flight distance, diameter of delivery

tube (Gas to metal ratio), protrusion of the delivery

tube, substrate motion, etc., in order to obtain

conical deposits with equiaxed microstructure, low

porosity, high yield and improved mechanical

properties. All these processing parameters were

found to have considerable effect on the shape,

microstructure and mechanical properties of the

spray formed deposits.

After taking several precautions, it was possible

to eliminate the formation of MgO-phase in all the

spray formed deposit, as indicated by X-ray

diffraction study.  Typical spray forming yields were

found to be in the range of 60-65% of the weight of

the melt.  After optimising the process parameters,

the porosity levels in the deposit were found to be

around 2-3%, which is a considerable improvement

over 5-7% that were obtained in spray forming

experiments last year.  The microstructure of the

spray-formed deposit exhibits a fine equiaxed

microstructure having grain size of 20-40 microns

throughout the core of the deposit, although grain

size of 5-20 microns were also observed in some

experiments. Fig. 3.2 shows the microstructures of

spray-formed Mg-alloy deposits showing equiaxed

microstructure with different grain sizes depending

on the process parameters.  However, the mother

cast alloy used for melting exhibited a non-uniform

microstructure with grain size of ~ 150-600 microns.

The values of mechanical properties of the spray

formed deposits were found to be  : UTS = 215-228

MPa with elongation of 8-9%, as compared to the

properties of the cast alloy used for spray forming

which are : UTS = 117-123 MPa with a elongation

of 2.8-3.3%. These results are taken from at least ten

different longitudinal and transverse regions of the

spray-formed deposit, suggesting thereby that the

properties are reasonably uniform throughout the

spray-formed deposit.  These mechanical properties

are expected to improve after secondary processing

which would eliminate the residual porosity in spray

formed deposits.

This project was reviewed twice during the last

year in the project monitoring committee meetings

held in NAL, Bangalore.

Vikram Sarabhai Space Centre (VSSC) sponsored

project on “Spray forming technology of Mg-alloys”

Under this project, spray-forming experiments

to synthesize AZ31 Mg-alloy (Mg-Al-Zn) were

conducted using the smaller crucible size with lower

melt weight. After optimising the process parameters

it was observed that porosity in the spray formed

deposit was found to be quite low ~2-3% in the

Fig. 3.2 :  Microstructures of spray-formed rare-earth doped
Mg-alloy deposits showing equiaxed
microstructure with different average grain sizes
depending on the process parameters  (a) 10-30
mm  (b) 5-20 mm

20 µµµµµm

20 µµµµµm
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core of the deposit as compared to 4-5% obtained

earlier. Similarly the grain size also was found to be

considerably reduced in these spray formed deposits.

Work is being continued under this project to

reproduce these results over a few experiments and

to attain the target properties.

Aluminium Alloys

In-house project on Spray atomisation and

deposition of Al-Si alloys

Under this in-house project, work was

commenced and a few experiments were conducted

to  spray deposit hypereutectic Al-Si alloys with Si

~ 17 wt%, on the spray atomisation and deposition

unit.  The master alloy of Al-Si, used for spray-forming

was made using liquid metallurgy based stir-casting

technique.  The spray formed deposits are being

characterized for their metallurgical, mechanical and

wear characteristics, the results of which will be used

in optimizing the process parameters.

Composites

CSIR Network project entitled, “Development of Cu-

based MMCs using Powder Metallurgy technique for

brake pad applications

The CSIR Network project was continued and

under this project a Vacuum Sintering Furnace with

maximum operating temperature of 1350 °C at a

Vacuum of 10-6 mbar has been procured.  This furnace

has been installed and commissioned.  Cu-based

Metal Matrix Composites (MMC) have been fabricated

using Powder Metallurgy technique and these have

been sintered at different temperatures in the

Vacuum Sintering Furnace in an inert atmosphere.

These composite discs are being characterized using

optical microscopy and microhardness.  MMCs with

different volume fraction of reinforcement are being

synthesized and their wear properties of these MMCs

discs will be now be evaluated on the wear and

friction monitor.

In-house project on the synthesis of 2124Al/SiCp

functionally gradient metal matrix composite (MMC)

material

Work was continued under this in-house project

in which functionally gradient 2124Al/SiCp MMCs

were synthesized using conventional stir-casting

technique with bottom melt pouring arrangement.

Several experiments were conducted to study the

effect of stirring speed on the gradient of

reinforcement in the synthesized FGM material.

Different stirring speeds in the range of 200-450 rpm

were used for the synthesis of these FGMs.  It was

observed that on increasing the stirring speed the

gradient of reinforcement in the FGM along the

direction of pouring becomes steeper although the

volume fraction of reinforcement at the bottom of

the FGM billet increases sharply.

An experimental set-up was also made to

synthesize one-dimensional Functionally Gradient

MMC Material of 2124Al/SiCp using the modified

Gradient Slurry Disintegration and Deposition

technique.  In this technique a slurry of molten matrix

metal and ceramic reinforcement, stirred at high

speeds is disintegrated by high velocity gas jets from

an atomizer and the resultant droplets are deposited

on a substrate placed at a specified distance below

the atomizer.  Different atomizer configuration were

fabricated and exploratory experiments have been

conducted to study the disintegration and

deposition process using Al-alloy.  This work will

now be extended to make FGM MMCs of 2124Al-

alloy/SiCp system.

Synthesis of BN nanotubes

Work was initiated to synthesize BN nanotubes

using Mechanothermal Process as well as by chemical

process. In the Mechanothermal process fine powder

of hBN was ball milled for about 100 hours using a

high-energy ball mill to transform it into a

disordered state (100-200nm). This disordered

sample was annealed at temperatures 950-1350°C

in nitrogen atmosphere to get an ordered BN

structure. Some work on the synthesis of BN

nanotubes was also initiated using KBH
4
 and NH

4
Cl

at high temperatures under nitrogen atmosphere.

In this process the disordered BN of nearly the same

grain size (100-200 nm) were obtained in just two

hours, which were annealed to a temperature of

1300°C in nitrogen to get BN nanotubes. The samples

were characterized by XRD. It is a planned to

continue the work on both these processes next year.

B. ADVANCED CARBON PRODUCTS

A leading centre in India dedicated to research in

both pure and applied science of Carbon with
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Principal motives :

(i) To develop the process technology of newer

carbon products which hold strategic

importance and are not available to the country

at any cost

(ii) To develop products which can be made cost-

effective by innovative process suitable to

available infrastructure, expertise and resources

in India

(iii) To promote overall growth of carbon science

and technology in the country     through

sustained R&D, research publications, patents,

technology transfer, consultancy to industry,

national & international conferences and

refresher courses etc.

Silicon Carbide Nanofibres

Silicon carbide nanofibers were synthesized from

coal tar pitch blended with sol-gel derived silica.

Substituted silicon alkoxide was hydrolyzed to

obtain the silica sol, which was blended with the

pitch dissolved in a suitable solvent. The pitch silica

mixture was heat-treated to 1400°C followed by

oxidation at 700°C to get silicon carbide nanofibers.

IR, Raman and X-ray studies reveal (Fig.3.3) the

formation of silicon carbide while SEM and TEM

studies show silicon carbide nanofibers having the

diameter in the range 45-60 nm.

Silicon carbide nanomaterials were also

synthesized using jute cloth and silicon alkoxides.

Jute cloth and carbonized jute cloth were evacuated

and impregnated with sol-gel silica derived from

silicon alkoxides and pyrolysed at 1400°C. It was

found that the non-carbonized jute cloth + sol-gel

silica gave silicon carbide whiskers while the

carbonized jute cloth + sol-gel silica yielded silicon

carbide nanofibres as revealed by SEM studies.

Synthetic of carbon nanotubes and their applications

in composites

(Indo-US and In-house project)

Synthesis of Carbon nanotubes by CVD technique

 CNTs have been synthesized by using different

hydrocarbons namely toluene, benzene, and xylene

in the presence of ferrocene catalyst by CVD

technique in two-zone reaction furnace with different

diameter of quartz reactor. CNTs with different

characteristics have been observed with the variation

of process parameters and type of precursor material.

These parameters have been optimized for CNTs

preparation to maximize the yield.  In this study

upto 5.0 gm of CNTs are synthesized per batch with

little amount of catalytic impurities in a 42 mm dia

quartz reactor placed in a suitable electric furnace

by using toluene as the carbon feed source and

ferrocene as the catalyst precursor. The synthesized

CNTs are 90 % pure with < 8% of  metallic impurities.

Small amount of catalyst was also observed in the

form of  nanowires  inside the nanotube cavity.

Carbon Nanotubes Reinforced Polymer Composites

 As synthesized carbon nanotubes by CVD

technique were dispersed into different polymers,

such as Phenolic resin, PMMA and molded into

composites. Two techniques, dry mixing and wet

mixing followed by solvent evaporation were tried

to uniformly disperse the nanotubes in the polymer

matrix. Various proportions of carbon nanotubes

(1 wt.% to 50 wt.% ) were molded into composites

of size 50 mm x 5mm x 3mm. The curing

temperature in case of phenolic resin was kept as

180ºC.  For comparison composites with neat

phenolic resin (0% CNTs) were prepared of similar

Fig.3.3
A –  SEM Photograph of Pitch + MTEOS  derived SiC Nanofibers
(Pyrolysed at
        HTT = 1400o C)
B –  TEM Photograph of Pitch + MTEOS  derived SiC Nanofibers
(Pyrolysed at
         HTT = 1400o C)
C –  SEM Photograph of Jute + MTEOS (HTT = 1400o C)

D –  SEM Photograph of Carbonised Jute + TEOS ( Mixture
Pyrolysed)

A B

C D
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dimension. These samples have been characterized

for their mechanical properties. Mechanical

properties of the composites was measured on

INSTRON tensile testing machine and the fracture

surface of the broken composites was observed

under SEM for analyzing the nature of the nanotube/

polymer bonding.

Fig. 3.4 shows the SEM picture of the fractured

surface of one of the composites. It is quite evident

from the micrograph that the CNT/matrix bonding

is not very strong and there are regions where

considerable tube pull out has taken place. Flexural

strength as well as flexural modulus  of the resulting

composites as shown in Fig.3.5. As shown in the

Fig. 3.5 both the flexural strength and the flexural

modulus of the nanotube reinforced composites

registers an increase of 100% with only 4% by wt. of

CNT reinforcement. The strength value of 127 MPa  with

multi-walled carbon nanotube reinforced phenolic

resin composites has not been reported so far.

Development of High Thermal Conductivity Carbon

Materials for specialized applications

Studies on the development of high thermal

conductivity carbon materials, namely Carbon-

Carbon Composites and Special Graphite were

continued under the special project sanctioned by

CSIR in lieu of NPL winning the 1999 CSIR Process

Technology Shield.

Carbon-Carbon Composites

The C-C composites envisaged  to be developed

are to have a bulk density of 1.7 g/cc, compressive

strength of 150–200 MPa and a thermal conductivity

of 100–150 W/mK. The mesophase pitch based

fibers (dialed type) of high thermal conductivity of

the order of 540 W/m.K were used in the chopped

form alongwith special high softening pitch

(developed in house) as well as  imported mesophase

pitch to obtain the  C-C composites.  The samples of

dimensions 15mmx15mmx3mm were prepared

using the above fibers and both types of pitches

separately. These green samples possessed bulk

densities of 1.50-1.60 and 1.55-1.65 g/cc for the two

types of pitches respectively. These samples when

carbonised to 1000
0

C and successive impregnated

(five times) led to bulk density of 1.70-1.75 and 1.75-

1.80 g/cc respectively and electrical resistivity values

of 0.55-0.60 mohmcm for the two of pitch matrix

systems respectively which correspond to a very

high estimated value of K (>200 W/mK)of the

composites. The thick samples 15mmx15mmx8mm

prepared from dialed chopped fibres and inhouse

developed high softening pitch give a density of

1.7 g/cc and electrical resistivity of 0.40 mohmcm

at a HTT of 2500
0

C and three successive

impregnation which again indicate high thermal

conductivity of the composites. Three dimensional

(3-D) performs of size 100mmx50mmx50mm were

also prepared from (dialed) pitch based fibres which

were impregnated with a special pitch to obtain density

of 1.40 g/cc at 1400
0

C after two impregnation cycles.

The composites are being processed further to obtain

bulk density of 1.70 g/cc along with other desired

characteristics.

Special Graphite

The special graphite to be developed is to have

a thermal conductivity of 90–120 W/mK, besides a

bulk density of ≥ 1.80 g/cc, bending strength of

Fig. 3.5  Flexural strength as well as flexural modulus of the
CNT composite

Fig.3.4  SEM of the fractured CNT composite
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≥ 40 MPa, Young’s modulus of 8–12 GPa, Shore

hardness of 50–75, electrical resistivity of 1.0–2.5

mWcm, etc. The work was continued to produce

the graphite by isostatic pressing green coke mixed

with (prepared inhouse)  natural graphites two types

in different proportions graphite followed by

carbonisation to 1000
0

C and 2500
0

C. Isostatically

moulded block possess a bulk density of 1.85 g/cc

at 15% addition of natural graphite beyond which it

decreases to 1.78 g/cc at 30% addition of natural

graphite.

Development of High thermal conductivity carbon-

carbon composites for thermal  Management (CSIR

network project)

Studies on the development of high thermal

conductivity carbon-carbon composites possessing

thermal conductivity values of the order of 250-275

W/m.K in the longitudinal direction and 75-90 W/

m. K in the transverse direction and  bulk density of

Development of fuel cells based on hydrogen

(NMITLI Project)

Development of porous conducting Carbon paper

and advanced composites bipolar  plate

The objective of the project is to develop a

technology on batch scale for producing (i) Porous

conducting carbon paper of size 100mm x 100mm

x 0.3mm and (ii) advanced composite bipolar plate

of similar size for use as two important components

in Polymer Electrolyte Fuel Cell (PEM) under the New

Millennium Indian Technology Leadership Initiative

(NMITLI) programme.

A bipolar plate is one of the key components of

proton exchange membrane fuel cells. Development

of suitable material for use as bipolar plate is

scientifically and technically exigent due to the need

to maintain high electrical conductivity, better

mechanical properties and low manufacturing cost.

At NPL, advanced composite bipolar plates were

prepared by compression molding technique.

Natural graphite, synthetic graphite, carbon fiber,

carbon black is used as different types of reinforcing

Fig.3.6  Photographs of the 3D Carbon fibre preform and the
resulting C-C composite

1.75-1.80 g/cc  were continued. Carbon composites

possessing such high thermal conductivity values

make them suitable as the  first wall material in a

fusion reactor. Efforts were made to develop bigger

size of composite samples using pitch based carbon

fibers and PAN based carbon fiber as reinforcement

for 3D preform of size 100 mm x 50 mm x 50 mm.

One of  the performs was balanced weave while the

other two were  unbalanced weave. In case of

balanced weave all the fibre tows in all the three

directions i.e. x, y and z were from  high modulus

pitch based carbon fibers, while  it was pitch fibres

in  x direction T-300 PAN based carbon fibres in the

y  and  z directions in case of unbalanced weave.

Fig. 3.6  shows the 3D carbon fiber preform and the

resulting C-C composites developed at NPL. Fig.3.7 (b) I-V characteristics

Fig.3.7(a): Advanced composites bipolar plate prepared at
NPL
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constituents and phenolic resin as polymer matrix.

It is found that single filler in natural graphite–

phenolic resin composites does not give desired

properties to satisfy the requirement of bipolar plate

for use in fuel cells. A judicious combination of

reinforcing fillers such natural graphite, synthetic

graphite, carbon fiber and carbon black with can

produce a  bipolar plate with characteristic as bulk

density >1.80 g/cc, electrical resistivity between

0.002-0.007Ω cm, shore hardness ~65, flexural

strength~45MPa and modulus ~12GPa respectively.

The current density performance of the composite

bipolar plates depends upon the bulk density of the

composites. The higher is the bulk density better is

current density performance of bipolar plate.

By applying the pressure during the processing of

bipolar plate, one can develop the bipolar plate of

much better physico-mechanical properties and

therefore the power density performance. Composite

bi polar plates of size 100mm x 100mm x 5mm

developed at NPL by using suitable combinations

of various components discussed above were

supplied to CECRI, Fuel Cell Research Center, Chennai

(our Collaborators in the project) for unit cell

evaluation. Fig.3.7 (a) shows the composites bipolar

plate prepared at NPL and Fig.3.7 (b) their I-V

characteristics, and its performance  was found

comparable to the standard commercial “Schunk”

plate.

Development of Speciality Carbon Materials for

novel nuclear reactor (BARC project)

The objective of the project to develop the carbon

fiber reinforced composites tubes for novel nuclear

reactor as flow fluid channels.  The nuclear rector

operators at high temperature, therefore there is

requirement of stringent materials, which can

withstand high temperature. This should be stable

under irradiation, constant mechanical strength, low

atomic weight with high scattering probability etc.

Graphitic carbons derived from C-C composites are

suitable material as compared to monolithic

graphite. In this direction NPL is developing the

carbon-carbon composites tubes of length 100 mm,

OD 50 mm and ID 25 mm by filament winding

technique using different type of carbon fibers.  So,

for NPL is developed (Fig.3.8) the C-C composites

using different type PAN based carbon fibers and

from woven carbon fabric. Phenolic resin as well as

coal tar pitch is used as a carbon matrix precursor.

The properties of C-C composites tubes after three

cycles of densification / carbonization are given

follows.

Bulk Density : 1.60 g/cc

Real density : 1.75 g/cc

Open porosity : 9.1 %

Shore Hardness : 28

Deg. of graphitization : 68 %

Consultancy Projects

(1) The Consultancy project  entitled “upscaling of

the NPL’s technology on  green coke based high

density graphite” sponsored by M/s Graphite

India Ltd, Bangalore was completed. The

consultancy was provided to the firm in respect

of raw materials, type of reactor for the

production of green coke, modification of green

coke by physico-chemical treatments and other

processing conditions. The green coke fine

powder was isostatically pressed into blocks

which were carbonised to 10000C and

graphitised to 25000C without any impregnation

treatment.  The graphites so produced possessed

an apparent density of more than 1.85g/cc

alongwith high bending/compressive strengths

and fine microstructure. The final report was

submitted to the industry.

(2) The consultancy project relating to impregnating

grade coal tar pitch from coal tar sponsored by

M/s Coalchem Industry, Bhilai was undertaken.

The coal tar raw materials provided by the party

were characterised and used to prepare

Fig.3.8 : Carbon/Carbon Composites tubes
developed at NPL
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impregnating grade coal tar pitch.  Optimization

of process is under progress.

New Project Initiated

A new project entitled “Development of Carbo-

Graphite for Aerospace Applications” was

sanctioned by DMSRDE, Kanpur for use as carbon

seal in the Kaveri Engine.  Preliminary work was

initiated on the characterization of carbo-graphite

with respect to various physical characteristics.  The

developmental efforts for this special graphite are

in progress

C. POLYMERIC AND SOFT MATERIALS

Ferroelectric Liquid crystal

A number of practical applications of FLCs such

as displays, image control, spatial light modulators

or memory devices make them popular in today’s

world. But these too come with respective

constraints. One has to work with constraints of

thickness such as Surface Stabilized Ferroelectric

Liquid Crystals (SSFLCs) geometry. Recently at NPL,

it has been found that thickness independent

memory effect is predicted in the FLC materials

where Electroclinic coefficient C
E 
=dè/dE is very large

and such type of materials are also called Electroclinic

liquid crystal materials. Though investigation at this

stage does not reveal the exact mechanism behind

the memory in these materials, probably on

application of bias field the molecules get clamped

to one position and do not come back to their

original scattering state due to electrically induced

inertia of the molecules. It can be visualized from

Fig. 3.9(a) that dechiralization lines are present in a

virgin cell in deep Sm C* phase. On application of

30 V bias for 2-3 minutes at the same temperature,

the dechiralization lines completely vanish as shown

in Fig. 3.9(b). It clearly shows the cell is in one of

the stable states. Now when the bias has been

removed we find no such lines (Fig. 3.9(c)). In fact

Fig. 3.9(c) very much resembles Fig. 3.9(b) in which

bias is being continuously applied. Figure 3.9(d)

shows the appearance of dechiralization lines after

the interval of nearly half an hour. One can say that

the molecules have been clamped on to one side

due to electrically induced inertia. Further

investigation is still going on to find the basic

mechanism, which is causing the molecules in the

constraint state even after the removal of the bias.

Conducting Polymers

Synthesis of Conducting Polymer-nano ferrites

composites for its applications in Micro Wave

Absorption coatings

Conducting polymer composites with

nanoclusters of ferrite constituent in which ferrite

constituents act as a core and conducting polymer

make the shell of the composite have been

synthesized. Different formulations of conducting

polymer composites have been designed in order

to see the effect of electrical conductivity on the

loading levels of ferrite constituents. The resulting

conducting ferrimagnetic composite possess the

unique magnetic as well as electrical properties. VSM

studies and electrical conductivity measurements

have revealed that these composites have a

magnetization saturation (Ms) value of the order of

48.9 emu/g and conductivity of the order of 1.2 S/

cm. X-ray diffraction studies of the powder sample

shows a crystallite size of the ferrite constituent of

the order of 9.4 nm. The characterization of the

composite has been carried out by FTIR, UV-Visible,

SEM, X-ray diffraction, TGA and DSC techniques.

Modified Growth parameters for the synthesis of

polyanilines and its copolymer and achieved thermal

stability of 280-300oC

The processing and solubilization of conducting

polymers are still the major unsolved problems from

scientific and industrial point of view. The reason

for this is the extensive delocalization of ð-electrons

Fig. 3.9 Optical micrograph of Electroclinic liquid crystal in
Sm C* phase at 140C at (a) 0 V (b) 30 V bias (c) five minutes
after removal of bias (d) Half an hour after removal of bias.
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which in turns gives the formation of rigid structure.

To solve the unprocessible nature of these

conducting polymers, synthesis has been carried by

certain specific dopants and substitution has been

carried out in the monomer moiety so that the

resultant polymer so obtained is soluble in organic

solvents like MEG, DMF, NMP, isopropanol etc. The

conducting polymer so obtained was found

thermally stable upto 280-300oC and hence can be

easily melt blended with insulating polymers like

PC+PPO, HIPS, PAN etc.

Synthesized copolymers of PEDOT and PANI for ESD

Copolymers of ethylene dioxythiophene (EDOT)

and aniline have been synthesized by emulsion

polymerization which can be used for making

composites with conventional polymers like PS,

PMMA, and HDPE etc. These conducting composites

have been tested for static decay time

measurements.

Synthesized copolymers of perylene and pentacene

with substituted aromatic hydrocarbons for OLED

devices and polymer solar cells

Copolymerization of toluene, xylene with

perylene and pentacene has been carried out via

oxidative coupling mechanism. The resultant

copolymer is soluble in common organic solvents

like chloroform, methylene chloride, THF, NMP and

benzene. The copolymer shows red electro

luminescence with a maxima at 698 nm at a onset

voltage of ~10 volts. Copolymer has been

characterized using spectroscopic and thermo

gravimetric techniques.

Organic Light Emitting Diodes

We have studied the current-voltage (J-V)

characteristics at different temperatures in hole only

devices of poly (2-methoxy 5-(2-ethylhexyloxy) 1,

4-phenylene vinylene) (MEH-PPV), which is very

important luminescent material for OLEDs

applications. The J-V characteristic of MEH-PPV at

98 K on log-log scale is shown in Fig. 3.10. The

curve shows ohmic conduction at low voltages, trap

limited conduction at intermediate voltages and trap

filled conduction at higher voltages. From these

experiments we calculated hole mobility to be

0.2´10-5 cm2V-1s-1 and the hole trap density of 1x1018

cm-3 in MEH-PPV.

Bimolecular and Sensor Electronics

Development of DNA biosensor

Double stranded calf thymus deoxyribonucleic

acid (DNA) was physisorbed on to polypyrrole-

polyvinyl sulphonate (PPy-PVS) films

electrochemically deposited onto ITO coated glass

plates. These DNA immobilized films have been

optimized using various conditions and

characterized using FTIR, AFM and cyclic

voltammetric techniques. The amperometric

response studies were carried out as function of 2-

aminoanthracene (2-AA) and o-chlorophenol (OCP).

It has been reveled that 10 ppm of 2-AA and 25

ppm of OCP is  capable of reducing the guanine

oxidation current to zero.

Development of Conducting Polymer based

Cholesterol Biosensor

Cholesterol oxidase, cholesterol esterase and

peroxidase have been co-immobilized onto

electrochemically prepared polyaniline films. These

polyaniline enzymes films have been characterized

using spectroscopic techniques and have been used

to fabricate a cholesterol biosensor. Polyaniline

based cholesterol biosensor have a response time

of 240 sec, Km values as 75 mg/dl and can be used

to estimate cholesterol concentration upto 500 mg/

dl (Fig 3.11).

Fig. 3.10. J-V characteristic of conducting organic polymer
MEH-PPV at 98 K. The symbols represent the
experimental data, dotted line shows calculated
curve, while solid line represents the trap filled V2

region.
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Organic Insulating Polymers for Device Application

To find suitability of organic insulating polymers

in various device applications such as

photoreceptors, light emitting diodes and polymer

solar cells the role of polymer as interface barrier

layer was studied in photoreceptor mode. To be

precise effect of poly (styrene-acrylonitrile)

[P(S:AN)]copolymer interface layer was studied on

x-ray sensitivity of amorphous selenium using the

potential decay technique. Dark and x-ray decay

characteristics of amorphous selenium (a-Se) films

(~100mm) were studied (Fig.3.12) as a function of

P(S:AN) interface barrier layer film thickness (0 -

10000Å). Based on these investigations it was found

that x-ray sensitivity of a-Se films increased from

6.3R-1 (without interface layer) to ~ 22.9 R-1 (with

interface layer thickness of ~ 10000Å). This

enhancement in x-ray sensitivity was attributed to

the mechanism of blocking, trapping and field

enhanced mobility role of P(S:AN) interface barrier

layer. A typical curve showing potential decay

characteristics of a-Se films with and without P(S:AN)

interface layer. Curve A corresponds to without

interface layer and curve B with P(S{AN) interface

layer of thickness ~10000Å.

Organic Solar Cells

The electrical conduction and morphology are

important properties for organic solar cell

applications. At NPL we have studied the surface

morphology and electrical conductivity of poly(3-

otylthiophene) [P3OT] films in both their pristine

and doped states using the scanning electron

microscopy and dc conductivity variation in the

temperature range 10-300 K. Pristine P3OT film

exhibits a mat-type structure whereas ferric chloride

doped P3OT film shows conducting domains in the

range 40–80 nm. The room temperature dc

conductivities of pristine and doped P3OT films are

~1×10-8 S cm-1 and 8.2×10-4 S cm-1, respectively.

The temperature dependence of dc conductivity in

the region 77–300 K, where hopping conduction

dominates, is well described by Mott’s three-

dimensional variable range hopping transport.

Automation Group

Computerized R-T measurement Setup, I-V-T

measurement Setup in the range 20K to 300K for

Cryogenics. I-V measurement Setup, Light intensity

vs Voltage measurement Setups (for two different

Light Intensity measuring instruments) for OLED

lab.

Fig. 3.11 Response of PANI/ChEt/ChOx/POD films as a
function of cholesterol oleate concentration (mg/
dl) at pH 7.0, phosphate buffer (50mM), phenol
and 4-aminoantipyrine.

Fig. 3. 12    Dark and x-ray decay characteristics of Al/P(S:AN)/
a-Se films. Curve A with no interface layer and
Curve B with  P(S{AN) interface layer of thickness
~ 10000Å.
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Developed the electronic circuitry for automatic

controlling of the coloration of back view mirror in

case of light falling on it, electronic circuitry for

taking data from 16 different BOD sensors, for I-V

measurements of Solar Cells, for 0-100V 100mA

power supply.

Documented in detail the control cum data analysis

program used for controlling the Solid Density

Standard Setup.

D. LIQUID CRYSTAL MATERIALS AND DEVICES

Fabrication of micro patterned structures with

contrasting physical properties

Soft lithography (micro contact printing) offers

exciting prospects to create micro patterned

structures on various solid surfaces with contrasting

physical, chemical and surface charge properties for

variety of application in the fields of biotechnology,

biosensors and fundamental cell and culture studies.

Micro contact printing (mCP) of alkane thiols

SH(CH
2
)
n
X with different functional groups where X

could be methyl, alcohol, amide, imine, COOH, etc.

has been utilized to create patterns structures on

metal surfaces with contrasting hydrophilic and

hydrophobic regions with dimensions going down

to a few microns. In the first place, a monolayer

coating of hexadecanethiol is done on selected

regions of metal film by utilizing (mCP).

Subsequently the substrate is dipped in 1mM

ethanolic solution of mercepta hexadecanol to cover

the remaining regions of the substrate. The

sequential deposition of two S AM monolayers with

different functional groups (CH3 and COOH)

attached at their ends results in strongly

hydrophobic and hydrophilic regions, respectively.

When such a substrate is exposed to water vapor,

the water wets only selected regions coated with

polar group and repels from regions coated methyl

groups.

Substrates showing such contrasting properties

are being explored to selectively deposit

biomolecules such as proteins and cells. Some initial

results have been obtained and  detailed

investigations are being carried out to create  pattern

structures of biomolecules.

Control of the surface properties of Polydimethyl

Siloxane (PDMS)  rendering them hydrophilic

 Polydimethyl Siloxane (PDMS) is widely used

for  µCP technique and for fabrication of microfluidic

networks and devices. But µCP by PDMS has some

drawbacks because it is strongly hydrophobic

(contact angle (CA) of water on its surface is nearly

110°). If the ink is of a polar nature it does not

spontaneously wet the PDMS stamp, drying inked

stamps leads to inhomogeneous patterns; Surface

hydrophilization of PDMS stamp is consequently

needed for micro contact printing of polar inks.

The plasma oxidation is one of the best tool for

the cleaning and waste removal from the surface.

We used the plasma oxidation treatment on the

PDMS for surface modification. It has been observed

Fig. 3.13 (a, b) show the strongly hydrophobic and
hydrophilic character of the PDMS surface with
and without plasma oxidation.

A

B
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that the surface properties of PDMS can be selectively

rendered hydrophilic (showing water contact angle

< 10°) and hydrophobic (showing water contact

angle > 100°) with spatial resolution of a few

microns as shown in Fig. 3.13

Fig. 3.13 (a, b) show the strongly hydrophobic

and hydrophilic character of the PDMS surface with

and without plasma oxidation.

However the surface quickly (with in  less than

a hour) regains its hydrophobic character if left in

the air. It has been found that that the recovery time

(change in the contact angle of PDMS) under various

storage conditions. It can be clearly seen that the

hydrophobic recovery is greatly influenced by

storage conditions. However the PDMS surface could

not be rendered permanently hydrophilic by plasma

oxidation alone. We are presently working on

grafting of suitable PEG based polymer to render

the PDMS surface permanently hydrophilic.

Preparation of PDMS membrane with desired

perforation

A new technique has been developed to create

perforation in polymer membranes. In the first place,

a  desired pattern is created on the glass plate or

silicon wafer using the SU-8 negative photo resist

of appropriate thickness using standard

photolithography. Subsequently PDMS prepolymer

solution is spun on the patterned sample such that

the thickness of spun PDMS film is less than the

thickness of the photo resist film. The baking of the

substrate  is done at 50-60°C for  one hour &  the

polymer membrane is peeled off from the substrate.

We get the PDMS membrane with desired

perforations as shown in Fig. 3.15. We can use these

perforated PDMS membranes for the patterning of

bio-molecular and for other applications.

could be increased to a few weeks if the treated

surfaces were preserved under proper environmental

conditions. A detailed systematic investigations has

been carried to evaluate the role of various

experimental parameters such as the time of

oxidation and partial pressure of oxygen in the

plasma chamber, the power of the rf coil,

composition of PDMS substrate on the change in

the surface properties of PDMS. We have also studied

in detail the time of hydrophobic recovery on the

conditions of storage of the plasma treated PDMS

stamps. Fig. 3.14  shows the time of recovery
Fig.3.15 Perforations in PDMS with perforations of size

~80microns

Fig. 3.14  Recovery time and contact angle of PDMS under
different procurement conditons.
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bysDVªkWfud lkexzh izHkkx ljdkjh rFkk futh laLFkkvksa dh :fp ds fofHkUu izdkj ds vuqiz;ksxksa ds lEcU/k esa lkefxz;ksa] lk/kuksa rFkk iz.kkfy;ksa

dh O;kid fofo/krk ij vuqal/kku vkSj fodkl dk;Z dks vkxs c<+kus esa lfØ; :Ik ls dk;Zjr jgk gSA izHkkx esa vusd lewg fofHkUu izdkj ds

dk;Zdykiksa esa dk;Zjr gSa ftudk foospu uhps fd;k x;k gS %

lanhfIr'khy lkexzh rFkk lk/ku lewg vxz.kh ljdkjh rFkk futh laxBuksa dh egRoiw.kZ ekaxksa dks iwjk djus ds fy, fofHkUu izdkj ds vdkcZfud

QkWLQksjl rFkk lacaf/kr lk/kuksa ds fodkl ls lacaf/kr vuqla/kku vkSj fodkl dk;ksZa esa jr gS] ;s egRoiw.kZ ekaxsa gSa & Vh oh dh fiDpj V~;wcksa ds

fy, lYQkbM QkWLQksjl] vf/kd ÅtkZ ¼1&15 ,e bZ oh½ ,Dljs besftax ds fy, izfrnhIr LØhuksa ds fy, nqyZHk ènk vkWDlhlYQkbM] laof/kZr

LQqjnhfIr fo'ks"krkvksa lfgr fo'ks"k QkWLQksjl ds fy, jaxhu Vh oh QkWLQksjl rFkk {kkjh; ènk ,syqfeusV~l miyC/k djokukA bl lewg us fo|qr

lanhfIr'khy QkWLQksjl vkSj iSuy fodflr fd, gSa tks ikmMj vkSj ruq fQYe nksuksa :Ik esa gSaA blus uSuks QkWLQksjl vkSj vkS|ksfxd vuqiz;ksxksa

ds fy, lk/kuksa dk fodkl djus ds fy, Hkh ,d O;kid ;kstuk rS;kj dh gS A

lkexzh lewg dk IykT+ek izkslsflax lewg gky gh esa laLFkkfir yst+j vk/kkfjr nkc eki O;oLFkk dk iz;ksx djds ,e bZ ,e ,l rFkk lsalj

vuqiz;ksxksa ds fy, eksVh (SiO2) fQYeksa esa nckoksa ds v/;;u esa dk;Zjr gSA vkj ,Q IykT+ek laof/kZr jklk;fud ok"i fu{ksi.k }kjk ekbØks rFkk

uSuks fØLVyh; flfydkWu fQYeksa dk fu{ksi.k rFkk ruq fQYe lkSj lsyksa vkSj lQsn ysM esa vuqiz;ksx ds fy, budk vUos"k.k vuqla/kku vkSj fodkl

dk ,d fujUrj vuq/kou {ks=k FkkA gkbMªkstu] ukbVªkstu vkSj cksjkWu lekos'ku lfgr prq"Qydh; vfØLVyh; dkcZu ds fodkl vkSj fo'ks"krkvksa

ij vUos"k.k dk;Z tkjh jgkA

flfydkWu vkSj flfydkWu lk/ku] ,e bZ ,e ,l (MEMS) rFkk lsalj xzqi Ik̀"B xfBr rFkk ifj"d̀r fØLVyh; flfydkWu lsyksa ds fodkl vkSj

vfHky{k.k funsZ'ku esa dk;Zjr gSA ck;ksizkslsl vuqoh{k.k ds fy, lwl[e iz.kfy;ka fodflr djus ds fy, flfydkWu esa fu{kkfjr ekbØks pSuyksa esa

laj?kz flfydkWu rS;kj fd;k x;k gSA

uSuks lajfpr] izdk'kh; oS|qrØksfed rFkk cgqyd lkexzh fodkl lewg us fuEufyf[kr {ks=kksa esa fofHkUu izdkj ds dk;Z vkjaHk fd, gSa &

• uSuksfØLVyh; dksckYV QsjkbV ikmMjksa vkSj ruq fQYeksa dk vUos"k.kA

• xSl laosndksa esa iz;ksx ds fy, tyrkih; ikmMj la'ys"k.k }kjk rS;kj uSuks lajfpr lkexzhA

• ladh.kZ cSaM ikjd ruq fQYe fQYVjksa dk fodklA

• IykTek cgqydhdj.k fu{ksi.k iz.kkfy;ksa rFkk fofHkUu izdkj dh cgqyd fQYeksa ds fu{ksi.k dh izfØ;kvksa dk fodklA

• uSuks lajfpr e/;ja?kz VaxLVsu vkWDlkbM fQYeksa] tks nzqr xfr;qDr gSa] dk oS|qr Øksfed LekVZ foaMkst esa iz;ksx ds fy, fodklA

• vusd izdkj ds ?kksy & izØe.kh; l;qfXer cgqydksa vkSj lfEeJksa dk cgqyd lkSj lsyksa ds fodkl esa iz;ksx ds fy, la'ys"k.k vkSj vfHky{k.k

funsZ'ku A

mPp rkieku okys vfrpkyd inkFkZ rFkk mUur èfrdk f'kYi lewg mPp /kkjk ifjogu ds fy, Bi2223 rFkk Bi2212 V~;wc@NM+ pkydksa]

HTSC pqEcdh; fQjfd;ksa rFkk rkjksa ds fy, Bi2223 iznh?kZ yEckbZ okyh ,dy@cgq rarq Viksa vkSj /kkjk rkjksa ds fodkl] V~;wcksa dks tksM+us dh

,d ubZ Ik)fr ds fodkl] (Bi,PB) ,d Mh&cSaM gksLV ds fy, fiu ca/ku dsUnzksa dh lHkkouk,a ryk'kus vkfn ds dk;Z esa layXu gSA blds vykok]

chVk ,syqfeuk dk lw{e rji rkiiaqtu vkSj èfrdk vk/kkfjr ,y ih th laosndksa dk fodkl dk;Z izxfr ij gSA ty iznw"k.k vuqoh{k.k ds fy,

lkWy tsy ls izkIr izdk'kh; tSo laosnd ij dk;Z dk izLrko j[kk x;k gS A

Ik̀"B HkkSfrdh rFkk uSuks lajpuk lewg Bksl Ik̀"Bksasa ij Ik̀"B ?kVuk tSls mPp lwpdkad  Si (5512) ,e vkbZ ¼5512½ ij mi ,dy ijr izkoLFkkvksa

dk fuekZ.k vukòÙk] xSMksfyfu;e uSuks d.kksa dh fLFkjrk vkSj gkbMªkstuhdj.k]  SiO2 fQYeksa esa ifj{ksfir D;wfcd rFkk "kVdks.kh; CdTe lw{e d.kksa

dh flaVfjax ds nkSjku vkWDlhtu dh Hkwfedk vkSj XPS xgjkbZ ifjPNsfndk rFkk izdk'kh; ekiuksa }kjk vUosf"kr Vksiks (TOPO) vkPNkfnr CdSe

uSuks fØLVyksa ij vYi ÅtkZ vk;u izsfjr izHkkoksa ds v/;;u esa dk;Zjr Fkk A



ELECTRONIC MATERIALS

MANDATE AND MAJOR ACHIEVEMENTS

The Division of Electronic Materials has been actively engaged in pursuing R & D work on a large

variety of materials, devices and systems, for multifarious applications of interest to government and private

institutions. Several groups in the Division are involved in a host of different activities, enumerated below:

Luminescent Materials and Devices Group is engaged in R & D activities related to the development of

variety of inorganic phosphors and related devices, to meet the strategic demands of leading government

and private organizations — sulfide phosphors for TV picture tubes, rare earth oxysulfides for fluorescent

screens for high energy (1-15 MeV) X-ray imaging, colour TV phosphors and alkaline earth aluminates for

special phosphors with enhanced phosphorescence characteristics. The group has developed

electroluminescent phosphors and panels both in powder and in thin film form. It has also drawn up an

extensive plan for development of nanophosphors and devices for industrial applications.

Plasma Processing of Materials Group has been engaged in studying the stresses in thick SiO
2
 films for

MEMS and sensors applications, using a recently installed laser based stress measurement set-up. The

deposition of micro and nano crystalline silicon films by RF plasma enhanced chemical vapour deposition

and their investigation for applications in thin film solar cells and white LED’s was an ongoing area of R &

D. Investigations on the growth and characteristics of tetrahedral amorphous carbon with hydrogen, nitrogen

and boron incorporation continued.

Silicon and Silicon Devices, MEMS and Sensors group has been engaged in the development and

characterisation of surface-textured and improved crystalline silicon solar cells. Porous silicon has been

grown in microchannels etched in silicon to develop microsystems for bioprocess monitoring. Growth of

nano- and micro-structured porous silicon has also been undertaken.

Development of Nanostructured, Optical, Electrochromic and Polymeric Materials group has undertaken

multifarious activities in

• Investigations of nanocrystalline cobalt ferrite powders and thin films

• Nanostructured materials prepared by hydrothermal powder synthesis for use in gas sensors

• Development of narrow bandpass thin film filters

• Development of plasma polymerization deposition systems and processes for the deposition of a variety

of polymeric films

• Development of nanostructured mesoporous tungsten oxide films with fast kinetics for applications in

electrochromic smart windows

• Synthesis and characterization of a variety of solution-processable conjugated polymers and composites

for application in the development of polymer solar cells

High Temperature Superconducting Materials and Advanced Ceramics group is engaged in the development

of Bi-2223 and Bi-2212 tube/rod conductors for high current transport, Bi-2223 long length mono/

multifilamentary tapes and current leads for HTSC magnetic spools and cables, development of a novel

method of joining (Bi, Pb) – 2223 tubes, exploring the possibilities of pinning centers for a d-band host, etc.

Moreover, the microwave sintering of beta alumina and the development of a ceramic-based LPG sensor are

in progress. Work on sol-gel derived optical biosensor for water pollution monitoring has been proposed.

Surface Physics and Nanostructures Group was engaged in several studies regarding surface phenomena

on solid surfaces, such as formation of Sb submonolayer phases on high index Si (5 5 12) surface, stability

and hydrogenation of “bare” Gadolinium nanoparticles, role of Oxygen during sintering of cubic and hexagonal

CdTe nanoparticles dispersed in SiO
2
 films and low energy ion induced effects on TOPO capped CdSe

nanocrystals probed by XPS depth profiling and optical measurements.
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R & D ACTIVITIES

Advanced Luminescent Materials and Related

Devices

Luminescent materials known as phosphors are

able to convert absorbed (invisible) energy in the

form of moving particles or quanta of radiation into

visible light. The major and important applications

of phosphors are in light sources, display devices

and detection system. The Luminescent Materials

and Devices group continued its work towards

developing phosphors, with special emphasis to

nanophosphors, for applications such as solid-state

lighting using blue LED, field emission and other

display devices.

Nanophosphors have been synthesized during

the last few years by many processes and techniques

as these have demonstrated their application

potential for various novel and efficient displays and

devices. A brief review of different synthesis

techniques employed all over the world for the

development of industrially important

nanophosphors was prepared and published for the

benefit of the R & D community.

The field of solid-state white lighting has become

very active globally as better energy efficiency can

be achieved compared to present day light sources.

YAG:Ce phosphor in nanophase has been synthesized

for this purpose and studied.  Fig. 4.1 shows

excitation and emission spectra of the synthesized

phosphor. Other phosphors with excitation in the

range of 450-470 nm are being explored for use with

blue light emitting LED for generation of white light.

A Japanese company showed interest in developing

this category of phosphors.

Development of long persistence phosphors is

another important activity. These phosphors find

applications in emergency escape route markings

and for locating important objects in the dark. Green

emitting phosphor is the most common, but to get

full colours in the dark, phosphors emitting in blue

and red are also needed. A process to prepare blue

light emitting long decay/persistence phosphor

excitable with ambient light has been developed,

with a persistence time of 6-8 hrs (Fig. 4.2).

Fig. 4.1.  Excitation and emission spectra of YAG:
     Ce nanophosphor

Fig.  4.2. Model of Taj Mahal coated with blue-  emitting long
decay phosphor, viewed in the dark

To achieve the goal of developing nanophosphor

based devices, a simple methodology has been

developed for dispersing the silica-capped ZnS:Mn

nanophosphors with controlled particle density as

two-dimensional (2D) layers. Size-controlled ZnS:Mn

nanoparticles were capped with silica for their surface

passivation, growth retardation, and stabilization

against environmental attacks. Controlled particle

density, uniform particle distribution, good room

temperature photoluminescence, etc. were

important achievements.

Plasma Processed Materials, Devices and Systems

A CSIR Network project on MEMS and sensors is

being undertaken, whose major objective is to study

the stress in thick SiO
2
 films. A laser based stress

measurement set-up has been installed and thick

silica films were analysed for stress.
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A physical vapor deposition technique known as

“Filtered cathodic vacuum arc” (FCVA) for the

deposition of tetrahedral amorphous carbon (ta-C)

films has been set up and a reactor for the same

custom designed and indigenously developed,

perhaps for the first time in India. Fig. 4.3 is a

photograph of the system developed under a DST

sponsored project. The system consists of (a) water

cooled cathode and anode (b) S bend magnetic filter

on 6 inch duct to remove the macro particles and

neutrals generated in the arc and (c) an 8 inch S.S.

Cross deposition chamber with a provision of biasing

the substrate. The system is evacuated by two turbo

pumps backed by two rotary pumps and a base

pressure of ~1x10-6 mbar is achieved in the system.

The magnetic filters are energized by using three

different D.C. power supplies.  A mechanical striker

initiates the arc. The film is deposited by

condensation of highly ionized plasma on any

substrate including low melting point plastic at room

temperature. The cathodic vacuum arc offers the

opportunity of growing various forms of carbon

ranging from highly diamond-like to graphite- like

and various intermediate materials like tetrahedral

amorphous carbon (ta-C), hydrogen and nitrogen

incorporated tetrahedral amorphous carbon,

nanoclustered carbon , nanocomposite and  carbon

nano tubes.

The system developed has been used so far to

grow (i) ta-C films, (ii) hydrogen and nitrogen

incorporated ta-C films and (iii) boron and

phosphorous incorporated ta-C films. The

investigations on undoped and doped ta-C films

involving electrical conductivity, activation energy,

stress, hardness, optical band gap, space charge

limited conduction, electron paramagnetic

resonance, spectroscopic ellipsometry, X-ray

photoelectron spectroscopy, X-ray Auger electron

spectroscopy, photoluminescence, SEM, AFM and

field-emission measurements etc, have been carried

out. The effect of varying substrate bias on the

properties of as grown (undoped) ta-C films, varying

amounts of hydrogen and nitrogen incorporation

and the effect of varying the amount of boron and

phosphorous dopants on the properties of ta-C have

been studied.

Tetrahedral amorphous carbon (ta-C), relatively

a new semiconductor, which is somewhat analogue

to a-Si and a-Ge is of great technological importance

due to its possible applications in displays and

vacuum microelectronics etc. The system so

developed will be used to grow a new form of

amorphous carbon thin films having nanoparticle

inclusions and nano tubes using novel modified arc

based techniques in future and its application for

field-emission type of display devices and

tribological coatings will be explored.

Fig. 4.3. A custom designed and indigenously developed
S bend FCVA process equipment

Silicon Devices, Mems and Sensors

A silicon solar cell usually consists of a diffused

p-n junction made in a thin silicon wafer.

Texturization is one of integral parts of fabrication

of crystalline silicon solar cell to enhance absorption

of light in the cell. To achieve this, the reflectance of

the solar cell has to be reduced as much as possible

so that the weak incident light can be trapped on

surface to get the maximum output. Anisotropic

etching is a well-known technique in the field of

silicon micro-machining or V-groove etching on

<100> oriented silicon wafers to produce three

dimensional structures. The texturization of the mc-

Si for solar cell with alkaline or acidic solution has

been investigated. It has been found that the

reflectance of a mc-untextured silicon surface is

reduced marginally by alkaline or acidic textured mc

surface and so are not good enough. Hence a λ/4

coating of silicon nitride (λ about 600nm) can reduce

the reflectivity to about 5%. Silicon nitride also serves

as a surface and grain boundary passivator. This

silicon nitrite coating also serves as a surface as well

as grain boundary passivation to increase the

efficiency of mc-Si solar cell. The SEMmicrographs

of both alkaline textured and acidic textured mc-Si
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In the development of microsystems for

bioprocess monitoring, enzymes are commonly used

to obtain biospecific detection. The enzyme is

immobilized on the high surface area porous matrix.

As the sample passes through the packed bed the

substrate is covered by the enzyme, giving rise to

reaction products that can be detected optically or

electrochemically. Silicon surface when covered with

PS provides a large enhancement in surface area

(~200m2 cm-3) as compared to non-PS samples. The

surface area could be enhanced further if the PS layer

is grown on micro channels. In order to fabricate

microchannels on crystalline silicon (c-Si) alkaline

anisotropic wet etchants are used to have V (flat

bottom) and U- grooves on <100> and <110>

oriented wafers respectively. This is useful to make

microelectromechanical systems (MEMS) in general

and PS sensors in particular. The depth of the

channels was measured and came out to be 100±10

µm. A representative micrograph is shown in

Fig. 4.5.  PS was grown in an electrochemical bath

with Si was the anode while the counter electrode

consisted of a Pt wire mesh that was positioned in

the electrolyte at a distance of 2 cm from the anode.

The resulting thickness of the PS layer was measured

and found to be 250±15 nm.

NANOSTRUTURE DEVICES, OPTICAL THIN FILMS,

ELECTROCHROMIC DEVICES, POLYMER DEVICES

Thin Film Optical Coatings

The Leybold L-560 vacuum coating plant was

restored to operation and multilayer coatings of 35

layers were deposited, to serve as narrow bandpass

filters in the 800 - 900 nm range. Narrowband filters

had typical characteristics : Peak transmittance

68- 83%, halfwidth about 16 nm, center wavelengths

in 800-900 nm range, stopband range about 100

nm on either sides of the centre wavelength (Fig.

4.6). A glass block holder and calotte mount, monitor

plate holder and test plate holder were designed

and fabricated. A 17 layer high reflectance coating

of TiO
2
 and SiO

2
 λ/4 layers at 850 nm was deposited

on one face of a glass block for the fabrication of a

WDM device.

 Fig. 4.4.  SEM micrograph of textured mc-Si

Fig. 4.5. SEM micrograph of typical microchannel

are nearly same and a representative micrograph is

shown in Fig. 4.4.

Fig. 4.6.  Spectral characteristics of fabricated narrowband
filters

Development of Plasma Polymerisation Systems and

Thin Film Coatings

Total integration of the plasma polymerisation

deposition system for polymeric dielectric films has

been completed with incorporation of the in-house

designed and fabricated cold trap and the procured

automatic pressure controller and mass flow

controllers, along with the required couplings,

adapters, valves, etc.  A second deposition system

for polymeric conducting films, consisting of

deposition chamber with parallel plate electrodes,

gas manifold, liquid vapour delivery system, rotary,

roots and diffusion (turbo) pumps, has also been

fabricated and assembled. Both systems are
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operational (Fig. 4.7).

Good quality TiO2-like and SiO2-like polymeric

films have been deposited and characterized for

incorporation in antireflection coatings on

polycarbonate substrates. Transparent conducting

films of ITO with sheet resistances of about 40Ω/
with visible transparency of about 85% have been

achieved. Efforts to optimize the deposition

parameters for best film quality continue.

In a related study an unusual morphology in

solution processable P3OT synthesized in our

laboratory has been observed. The P3OT is

comparable with high quality regio regular poly (3 -

alkyl thiophene), rr-P3ATs. Upon thermal annealing

a rare well arranged corrugated-rod-type (CRT)

morphology has been observed for the first time by

SEM, supported by photoluminescence quenching,

red shift of l
max

 (π-π* absorption) in UV–vis spectra

and increase in conductivity. These improvements

in physical properties are perhaps due to the increase

in the planarity and 3D-π-π stacking of polymer

chains by gradual soft-thermal annealing. The

improvement in the quality of P3OT may induce self-

assembly due to increased π-π interactions. The

surface morphology and electrical properties of P3OT

films, in both their pristine and doped states, were

studied by SEM and the variation of conductivity

with temperature in the range 10–300 K. Pristine

P3OT film exhibits a mat-type structure whereas ferric

chloride doped P3OT film shows conducting domains

in the range 40–80 nm (Fig. 4.8). The room

temperature dc conductivities of pristine and doped

P3OT films are ~1×10-8 S cm-1 and 8.2×10-4 S cm-1,

respectively. The temperature dependence of dc

conductivity in the region 77–300 K, where hopping

Fig. 4.7. Plasma polymerization deposition systems

Polymeric Materials and Devices

Solution processable conjugated polymers and

their composites have been synthesized and

characterized for application in the development of

polymer solar cell. The important polymers of

polythiophenes family such as poly(3-

octylthiophene) (P3OT), poly(3-hexylthiophene)

(P3HT) have been synthesized by chemical

polymerization at low temperatures  using ferric

chloride (FeCl3) as an oxidant in an inert atmosphere.

Development of composites of P3HT, P3OT with

carbon nanotubes and fullerene and its derivatives

is in progress.

Fig. 4.8. SEM micrographs of pristine P3OT films annealed at
373 K for different interval of time (a) unannealed—
303 K (b) 1 h, (c) 5 h, (d) 12 h, (e)  24 h, (f) 48 h, (g) 72
h, (h) annealed for 5 h at 423 K, and (i) annealed for
5 h at 473 K.
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conduction dominates, is well described by Mott’s

three-dimensional variable range hopping transport.

A new mechanism of chemical doping of

p-conjugated polymer has been proposed.

Nanocrystalline Cobalt Ferrite Powders and Thin

Films

Cobalt ferrite, CoFe
2
O
4
, is unique among cubic

spinel ferrites with a cubic magnetocrystalline

anisotropy as high as that of hexagonal barium ferrite

and has been well studied for possible magnetic

recording applications. Nanoparticles prepared by

low temperature chemical methods and thin films

often show magnetic properties and cation

distributions that are different from bulk.

Stoichiometric cobalt ferrite nanoparticles in the

5-20 nm size range were prepared from a citrate

precursor by a self-ignition reaction initiated at near

dryness, to form fine brown flakes of ferrite. XRD

pattern of the self-ignited powder shows typical

inverse spinel structure with broad lines

characteristic of nanoparticles.  Particles in the of

5-20 nm size range were observed at different stages

of nucleation and growth by TEM. The hysteresis

loop shows a relatively low magnetization of 30

emu/g and a coercivity of 800 Oe. The magnetization

does not saturate in 10 kOe. Thin films (100 nm

thick) were deposited by a spray pyrolysis method.

Films annealed at 700°C and above showed single

spinel phase and coercivity of 1000 Oe.

Improvements have been made in the deposition

procedure and conditions to grow more than 10

microns thick films of barium ferrite, for applications

in microwave circulators.

Nanostructured Mesoporous Tungsten Oxide Films

With Fast Kinetics for Electrochromic Smart

Windows

A potential driven self-assembly of sodium

dodecyl sulfate/ tungsten oxide aggregates at the

electrolyte-electrode interface followed by template

extraction and annealing yielded mesoporous thin

films of electrochromic tungsten oxide (WO
3
). SEM

images revealed a hitherto unreported hybrid

structure comprising nanoparticles and nanorods,

with a tetragonal crystalline phase of WO
3
. This

resulted in coloration efficiency and switching

kinetics higher and faster than previously reported.

Repetitive cycling between the clear and blue states

has no deleterious effect on the electrochromic

performance of the film, indicating its potential as

cathode in practical electrochromic windows. A

simple and inexpensive strategy has been employed

to synthesize mesoporous tungsten oxide films with

a hybrid structure comprising nanoparticles and

nanorods with a tetragonal crystalline phase, not

been reported so far. Such a microstructure aided

ion-movement resulted in coloration efficiency and

color-bleach kinetics higher and faster than

previously reported for mesoporous nanostructured

WO
3
. The films also sustain 1000 color-bleach cycles

without any degradation, which hints at their

suitability for smart electrochromic windows.

As-deposited sol-gel derived amorphous

tungsten oxide films transform into nanostructured

films with an interconnected framework of grains

and pores and a dominant triclinic crystalline phase

upon annealing at 2500C. Microstructural changes

on annealing were studied by TEM, SEM, XRD, etc.

The effect of lithium ion intercalation on the chemical

composition of the WO
3
 films was studied in detail

using X-ray Photoelectron Spectroscopy for the first

time. Typical mesoporous WO
3
 films in blue and clear

states are shown in Fig. 4.9.

Fig. 4.9.  Mesoporous WO3 films in blue and clear states

Nanostructured Materials for Gas Sensors

Hydrothermal powder synthesis has been known

as a powerful technique for the preparation of fine,

high purity and homogeneous powders of various

single component and multi-component powders.

Hydrothermal reactions are usually performed in

moderate conditions, do not require expensive

precursors or equipments. The temperature, pH,

dilution can be controlled to obtain powders of

required size. The synthesis of SnO
2
, ZnO and ZnS
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powder using the hydrothermal synthesis route

under a variety of synthesis conditions was carried

out. The solvents, additives and dopants were varied.

Powders were characterized using XRD, TEM for

their particle size and morphology. The optical

properties of synthesized powders were investigated

by optical absorption and photoluminescence

studies. Nanocrystalline powders of various sizes and

morphologies obtained depended on the synthesis

conditions.

HIGH TEMPERATURE SUPERCONDUCTING

MATERIALS/DEVICES & ADVANCED CERAMICS

High Temperature Superconducting (HTS) Materials/

Devices

The core component for majority of the high

energy applications of HTS are HTS tube/rod

conductors and long length wires/tapes, which can

transport very high electrical current (>KA), can

provide high fields and can withstand very high

fields. This is the main object of applied work on Bi-

2223 & Bi-2212 HTS.

Applied Research Studies

• HTS (Bi, Pb)-2223 tube current leads of large size

(43 cm long, 4.8 cm diameter, 3 mm wall

thickness) have been developed (Fig. 10). Work

on joining of a pair of such tubes is in progress.

• A patent on a novel method for joining of a pair

of tubes of (Bi, Pb)-2223 HTS of lower dimensions

has been submitted. The joint is not only

superconducting but also stable for carrying

critical currents. There are no reports so far on

joining of superconducting tubes.

• Seven monofilamentary Ag clad (Bi, Pb)-2223

tapes (Fig. 4.10) of length varying from 30 m to

35 m, which all are superconducting end to end

and can carry critical transport current of 50 A at

4.2 K have been developed. A small magnet has

been assembled by stacking two pancakes in

series made by wind & react method and has

been tested. The optimization of wind & react

parameters and another magnet assembled by

stacking four pancakes in series is under testing.

Basic Research Studies

The only parameter at HTS compounds which

limits their use at 77 K in their low upper critical

field and which can be improved upon by a proper

understanding of the nature and mechanism of

electron/hole pairing and pinning of flux lines as

microscopic and macroscopic aspects of the HTS

compounds are highly interwoven and this is the

focal point of basic research.

(a)                                       (b)

Fig. 4.10. (a) High temperature superconducting (Bi, Pb)-2223
     tube current lead

               (b) monofilamentary long length tapes.

Ionic Conductors

Work on microwave sintering of beta alumina

was initiated. Initial studies reveal microwave

sintering is superior to conventional sintering

methods, which was substantiated by

microstructural studies. Scanning Electron

Micrograph of beta alumina processed at 1300 -

1600°C shows gradual grain size variations. As a

part of LPG sensor development the effect of Pb

incorporation, operating temperature, morphology,

and sensitivity were studied. Out of various sensor

compositions, sintered Pb doped SnO
2
  has shown

high sensitivity towards LPG.

Surface Physics And Nanostructures

• Formation of Sb submonolayer phases on high

index Si(5 5 12) surface

Sub-monolayer antimony nanostructures

using the highly trenched high index (5 5 12)

surface have been formed as templates for the

growth of single atom nano-wires for the first

time. Temperature treatment relaxes this one-

dimensional structure to form a zig-zig chain due

to strain relaxation. Chemical and structural

aspects are probed by surface sensitive electron

spectroscopies & Low Energy Electron

Diffraction.

• Synthesis of cubic and hexagonal CdTe

nanoparticles dispersed in SiO2 films: Role of

oxygen during sintering

CdTe nanoparticles formed by co-sputtering
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the constituent elements are sequestered in a

SiO2 matrix. It has been observed that annealing

this film in oxygen ambient leads to formation

of hexagonal core due to formation of oxide and

defects in the shell structure. Vacuum annealed

films resulted in defect-free cubic CdTe core,

demonstrating the influence of the nature of the

shell on the properties of the core in the

nanoparticle form.

• Stability and hydrogenation of ‘bare’ gadolinium

nanoparticles

Gadolinium formed by Activated Reactive

Evaporation in the nanoparticle form (5 nm) has

been observed to show very high stability

towards oxidation by x-ray photoelectron

spectroscopy.  Since Gd can be used in this form

for hydrogen sensing and storage without the

Pd cap layer, the sensitivity of such devices can

be greatly enhanced and can be used for

applications such as optical-mirrors with

hydrogen sensing switches.

SPECIAL ACHIEVEMENTS

• Low energy ion induced effects on TOPO capped

CdSe nanocrystals probed by XPS depth

profiling and optical measurements

CdSe nanoparticles were formed by using

tri-octo-phosphonic oxide (TOPO) organic

molecules to limit the size during synthesis by

the chemical route. The pre-cursor ratio was

optimized to obtain monodisperse and well-

defined CdSe nanoparticles of various sizes

showing size-induced optical property

variations. X-ray photoelectron spectroscopy in

conjunction with Argon ion sputtering was used

to reveal the core-shell structure formed. From

this study it was observed that a 2:1 Cd:Se

precursor ration provided optimal conditions for

the formation of high quality CdSe nanoparticles

of 5 nm. The depth profile also showed the

compositional changes from the optimal

conditions when ratios in the range (0.5:1 to 3:1)

were used. The study enabled the derivation of

a structural model for the various compositional

regimes that can be classified as a) selenium rich,

2) stoichiometric and 3) cadmium rich. The study

graphically demonstrates the dynamics of CdSe

synthesis by the chemical route and also the role

of the organic cap layers.





inkFkZ vfHky{k.ku

fofHkUu izdkj dh ubZ vkSj mUur lkexzh dk fodkl LFkwyrk] ruq fQYeksa vkSj fofHkUu izdkj dh izfØ;kvksa }kjk la'ysf"kr lw{e V~;wcksa rkjksa]

lw{e d.kksa vkSj lw{ejs'kksa tSlh lw{e lkexzh ds :Ik esa izfrfnu gks jgk gSA inkFkZ vfHky{k.ku izHkkx bu lkefxz;ksa dk vfHky{k.k funsZ'ku djus

ds fy, mÙkjnk;h gS rkfd 'kq)rk] rkfRod lajpuk] v'kq+)rk vUos"k.k laca/kh vuqekuksa lajpukRed fo'ys"k.k] fØLVyh; izkoLFkkvksa dh igpku]

ì"B rFkk varjkì"B vfHky{k.k funsZ'ku vkSj fØLVy nks"kksa laca/kh tkudkjh dk vfHkfu'p;u fd;k tk ldsA ;g izHkkx fofHkUu vuqiz;ksxksa ds

fy, yxHkx iw.kZ ,dy fØLVyksa ds fodkl esa Hkh dk;Zjr gSA ,d varj iz;ksx'kkyk lg;ksxh dk;ZØe ds vUrxZr izekf.kr lanHkZ lkexzh dk

fu;kstu] fuekZ.k vkSj izlkj bl izHkkx dk ,d vU; egRoiw.kZ dk;Z gSA ,u ih ,y ds fofHkUu vuqla/kku vkSj fodkl lewgksa rFkk vU;

vuqla/kku laxBuksa@m|ksxksa dks lkexzh vfHky{k.k funsZ'ku lqfo/kk,a miyC/k djk;h x;hA ;g izHkkx oSKkfud rFkk vkS|ksfxd vuqla/kku ifj"kn~

dh fofHkUu usVodZ ifj;kstukvksa tSls ^dLVe VsyMZ Lis ky eSVhfj;Yl* lh ,e ,e ¼022½ rFkk izekf.kr lUnHkZ lkexzh dk fuekZ.k vkSj izlkj

¼le ,e ,e 024½ esa Hkh lfØ; :Ik ls dk;Zjr gSA bl vof/k ds nkSjku ftu dqN egRoiw.kZ vuqla/kku vkSj fodkl dk;ksZa dks vkxs c<+k;k x;k

os bl izdkj gSa % &

¼1½ ok;q foy; vkdkj rFkk nzO;eku forj.k ds vykok fuyafcr d.k nzO; ¼,l ih ,e½ rFkk bldh jklk;fud lajpuk ds fy, fnYyh ds dksgjs

ij ekuoksn~Hkoh izHkko dk v/;;uA ,f'k;k iz'kkar usVodZ (APN) LokLF; ifj;kstuk vkSj ISRO-GBP ifj;kstuk ds vUrxZr tSo Hkkj

Toyu ij vuqjs[k.k xSlksa rFkk ok;q foy; HkkSfrd jklk;fud v/;;u Hkh fd, x,A

¼2½ {kkj teZukscksjsV rFkk lhls ds fcLeFk cksjsV dkap ds lEcU/k esa fofHkUu vkWDlkbM dkapksa ij EPR v/;;uksa us vusd izdkj dh egRoiw.kZ

tkudkjh iznku dh gSA lw{e fØLVyh; dksckYV QsjkbV ij fd, x, v/;;uksa ls vrkikuq'khrr uewuksa esa CoFe2O4 
vkSj d.kksa ds vfr

vuqpEcdh; Lo:Ik dk irk pyk tcfd d.k vkdkj esa òf) ds dkj.k rkikuq'khrr uewus bl izdkj dk O;ogkj ugha n'kkZrsA vU; laLFkku

ds lkFk lg;ksxh dk;Z ds vUrxZr fofHkUu laØe.k /kkrq vk;u Mksfir ,dy fØLVyksa dk Hkh v/;;u fd;k x;kA

¼3½ ,u ih ,y rFkk vU; laLFkkvksa@m|ksxksa ds fofHkUu lewgksa ls izkIr vR;f/kd fofo/krk okyh mUur lkexzh dks Hkh ,Dl vkj Mh] ,l bZ ,e

rFkk Vh bZ ,e rduhdksa dk iz;ksx djds vfHky{k.k funsZf'kr fd;k x;k gSA buesa ls dqN lkexzh gS dkcZu dh lw{e V~;wcas]  WO3 rFkk InSb

fQYesa] mPp Vh lh vfrpkyd] α-Al2O3 tSlh lanhIr lkexzh rFkk izcfyr rjy cgqyd lfEeJ vkfnA

¼4½ mPp xzsM Lo.kZ Hkw jklk;fud  lanHkZ lkexzh ¼ch ,u Mh 3401-01½ dk ,d u;k lh vkj ,e] ,u ih ,y] ,u th vkj vkbZ rFkk eSllZ

gkV~Vh xksYM ekbal dEiuh fyfeVsM] dukZVd jkT; ds lg;ksx ls rS;kj fd;k x;k gSA u, {ks=kksa tSls LisDVªeh] ,&,sywfeuk] isVªksfy;e]

izkd̀frd ty] isLVuk'kh rFkk ,dy vo;h ?kksyksa esa lh vkj ,e rS;kj djus dk dk;Z Hkh vkjaHk fd;k tk pqdk gS A

¼5½ en ok"iu ?kksy fodkl rduhd  (SEST) }kjk mPp xq.koÙkk okys dkcZfud vjSf[kd izdkf'kd (NLO) ,dy fØLVy rS;kj fd, x,

gSaA HRXRD v/;;u lja?kz flfydkWu ijrksa Fe Mksfir LiNbO3 rFkk fg iwfjd vEy ds ?kksy esa fodflr fØLVy vkfn ij fd, x, Fks

rkfd fØLVyh; iw.kZrk dk ewY;kadu fd;k tk ldsA

¼6½ Si iVfydk ij  Si/Co/Si, Si/V/Si & Si/Fe/Si dh vusd ijr okyh lajpuk ds varjkì"B feJ.k ds O;ogkj dk nks iwjd rduhdksa  SIMS

vkSj RBS dk iz;ksx djds v/;;u fd;k x;k FkkA lHkh rhuksa iz.kkfy;ksa ds fy, feJ.k njsa vkdfyr dh x;h Fkh vkSj ;g irk pyk gS

fd  SHI vfofdj.k ds varxZr V, Fe rFkk Co dh Si ds lkFk feJ.k nj dh âkleku izòfÙk gSA



 MATERIALS CHARACTERIZATION

Development of various types of new and advanced materials is taking place every day in the form of bulk,

thin films and nano materials such as nanotubes, nanowires, nanoparticles and nanofibres synthesized by

different processes. Materials Characterization Division is responsible to characterize these materials to ascertain

the purity, elemental composition, estimation of trace impurities, structural analysis, identification of crystalline

phases, surface and interface characterization and information on crystal defects. This division is also engaged

in the growth of nearly perfect single crystals for the various applications. Planning, preparation and

dissemination of certified reference materials under an inter laboratory collaborative programme  is another

important activity of this division. Materials characterization facilities were provided to various R&D groups

of NPL as well as to other research organizations/industries. This division also actively engaged in the various

CSIR network projects such “Custom Tailored Special Materials” CMM(022) and Preparation and Dissemination

of certified reference materials (CMM024). Some of the important R&D activities pursued  during this period

are:

(i) Studies on Anthropogenic influence on Delhi fog has been carried out for suspended   particle matter

(SPM) and its chemical composition apart from aerosol size and mass distribution. Trace gases and aerosol

physico-chemical studies were also carried out under Asia Pacific Network (APN) health project and ISRO-

GBP project in collaboration with NRSA Hydrabad on biomass burning.

(ii) EPR studies on different oxide glasses has provided many useful information for alkali germanoborate and

lead bismuth borate glasses. Studies on nanocrystalline coablt ferrite revealed the superparamagnetic

nature of  CoFe
2
O

4
 particles in unannealed samples while annealed samples do not exhibit this behaviour

due to increase in particle size. Different transition metal ion doped single crystals were also studied

under the collaborative work with the other institute.

(iii) A large variety of advanced materials received from different groups of NPL as well as other institutes/

industries have been characterized using XRD, SEM and TEM  techniques. Some of the materials are,

carbon nanotubes, WO
3
 and InSb films, high Tc superconductors, luminescent materials like,

ZnS nano particles embedded in SiO
2
, α-Al

2
O

3
 and ferrofluid polymer composites etc.

(iv) A new CRM of high grade gold geochemical reference material (BND3401.01) has been prepared in

collaboration with NPL, NGRI and M/s Hatti Gold Mines Co. Ltd, Karnatka state. Work on preparation of

CRM’s in new sectors namely spectroscopic, α-alumina, petroleum, nature water, pesticides and

monoelemental solutions have also been initiated.

(v) High quality organic nonlinear optical (NLO) single crystals have been grown by slow evaporation solution

growth technique (SEST). HRXRD studies were carried out on porous silicon layers, Fe doped LiNbO
3 
 and

solution grown crystal of hippuric acid etc to assess the crystalline perfection.

(vi)     The behavior of interface mixing  of multi layered structure Si/Co/Si, Si/V/Si and Si/Fe/Si on Si  wafer  was

studied using two complimentary techniques, viz, SIMS and RBS. Mixing rates were estimated for all three

systems and it is revealed that the mixing rate of V, Fe, and Co with Si has a decreasing tendency under SHI

irradiation.
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Analytical Chemistry

Analytical chemistry section has carried out work

related to metrology in chemistry, apart from

characterization of materials for ascertaining purity,

chemical composition and environmental species

analysis for various areas viz.  environment & health,

chemicals, metals & alloys, and ores. It catered the

need of industries, government agencies and

institutions for characterization of a large variety of

materials e.g. poly aluminum chloride and alumina

ferric used for treatment of water by Delhi Jal Board;

indelible ink for election purpose from Election

Commission of India; gas mixtures; water; metal &

alloys and graphite brushes. The Gas Chromatographic

techniques have been utilized for evaluation of

gaseous samples from different sources for

Greenhouse Gases (GHGs), and pollutants viz. CO, NO-

NO
2
-NO

x
, CO

2
 using respective online gas analyzers.

In organometallic synthesis, two symmetrical

organotellurium(IV) compounds and one new

unsymmetrical telluroxides, have been synthesized

and FTIR, UV-Vis. & photo-luminescent spectroscopic

measurements studies have been made.

During November 2005, the section has completed

three sponsored projects from MoEF/UNDP of GHG

uncertainties reduction & their inventories under

National Communication (NATCOM) in agriculture sub-

sectors viz. Rice Cultivation, Livestock and Agricultural

Residue Burning, apart from one project of Agriculture

sector inventory. Under the CPCB & NPL collaborative

work for anthropogenic influence on Delhi Fog,

studies by the group have been done for Suspended

particulate matter (SPM) and its chemical composition

apart from aerosol size and mass distribution by

Anderson and quartz crystal microbalance (QCM).

Methane emission measurements have been carried

out in Karnal, Haryana during July-October 2005 with

integration of GIS/ RS tools for up scaling.  New

projects in collaborations with Tezpur univ. Assam

(Prof. K.K. Baruah)/ DST, TIET Patiala (Dr. R. Agarwal)/

DST, APN-health (Dr. Mitra)/ APN, Biomass burning EF

(TK Mandal)/ DST, and dry/wet acid deposition under

Swedish CAD project (Prof. H. Rodhe) have been

initiated.

The group has carried out trace gases & aerosol

physico-chemical studies at NPL Delhi  under the Asia

Pacific Network (APN) health project during 2005-06

winter period. Under the ISRO-GBP project on biomass

burning in collaboration with NRSA Hyderabad, a field

campaign from January 29 to March 20, 2005 in

Arunachal Pradesh  was carried. Another project of

ISRO-GBP period for integrated campaign on aerosols

and radiation budget (ICARB) on observational

platforms viz. land fixed sites, mobile sea cruises (SK-

222 BoB area & SK-223 arabian sea area) on ORV Sagar

Kanya and aircraft, during the period Feb.15 to May

12, 2006, has been carried out and group has

participated in land (Delhi, and Darjeeling) observation

& synchronous to above sea cruises period. These

simultaneous measurements are first of its kind. It will

provide extensive data-base for understanding the role

of aerosols and trace gases for their radiative forcing

over northern Indian region and would be very useful

for climate modeling.

           Itanagar, Arunachal Pradesh

Aerosol mass-size concentration at Itanagar

EPR & IR Spectroscopy

EPR study has been made to determine the

microstructure of different ternary oxide glasses

depending upon composition for alkali

germanoborate and lead bismuth borate glasses.
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Glasses with composition xGeO
2

 

(0.30-x)

M
2
O.0.70B

2
O

3
(M=Li, K) and xBi

2
O

3
 (0.30 - x)

PbO.0.70B
2
O

3 
were prepared (O < x < 0.15 mole%)

containing 2.0 mol % of V
2
O

5
 by normal melt quenching

technique in collaboration at Physics Department,

M.D. University, Rohtak.

In GeO
2
. Li

2
O.B

2
O

3
 glass system, EPR parameter

g
11

 /g  do not show any variation on increasing GeO
2

content which reveals no change in tetragonal nature

of  V
4
+O

6
 complex ion and the size of 3dxy orbital

of unpaired electron in VO2+ion. While in

GeO2.K2O.B2O3 glass system, the variation in EPR

parameter,  ∆gII/∆g⊥ has been observed and it increases

with the increase in GeO2

 
content. The octahedral

symmetry of V
4
+O

6
 is reduced which may leads to

the increase in tetragonal nature of V
4
+O

6
 complex

ion and expansion of 3 d
xy

 orbital. The dc conductivity

increases on increasing temperature from 373 to 523K

and the contribution of germanium ions in electrical

conduction is not observed in both glass systems.  The

electrical conductivity is induced by  the mobile alkali

metal ion (Li+ and K+) and depends upon their

concentration. Hence it is concluded that germanium

ions are present as network former and not as network

modifier in both these glass series. In another heavy

metal based oxide glass xBi
2
O

3
.(0.30- x)PbO.0.70B

2
O

3
,

EPR studies showed the increase in tetragonal nature

of V
4
+O

6
 complex ion with increasing Bi

2
O

3
 content

and contraction of 3dxy orbital. The dc conductivity

at first decreases on increasing Bi
2
O

3
 content  upto

0.8%  then increases with a maxima at x = 0.1% and

further  decrases upto x = 0.15 mol% of Bi
2
O

3
.  The

first decrease in dc conductivity was attributed to the

decrease in charge carrier (Pb2+) concentration and

increase in dc conductivity was discussed in terms of

the expansion in  glass structure.

Different  transition metal ion doped single

crystals were studies under the collaborative work

with Physics Department, University of Allahabad,

Allahabad. Single crystals of Mn2+ doped zinc

ammonium phosphate hexahydrate, Cr3+ doped

tetramethyl ammonium cadmium chloride and Cr3+

doped diammonium hexaqua magnesium sulphate

grown by slow evaporation process were

characterized by EPR and optical spectroscopic

techniques.  Optical spectra of these single crystals

were measured in 1100-200 nm range to estimate

orbital energies of transition metal ions. These studies

showed that transition metal ion (Mn2+ and Cr3+)

substitutes in crystal lattice by replacing zinc,

cadmium and magnesium ions with distorted

octahedron structure and revealed the existence of

covalent bonding between transition metal ion and

ligand.

Study of  superparamagnetic behaviour in

nanocrystalline cobalt ferrite (CoFe
2
O

4
) was carried out

in collaboration with X-ray group of our  division.

Nano crystalline CoFe
2
O

4
 superparamagnetic particles

were prepared by chemical co-precipitation method.

The particles have spherical shape with 5-10 nm size.

The crystallize size can be increased from 5-28 nm by

changing the annealing temperature.  This increase

in crystallite size has also increased the saturation

magnetization from 18 emu g-1  to 74 emu g-1 and

coercivity from 0 Oe to 1200 Oe. The electron

paramagnetic resonance studies revealed the

superparamagnetic nature of these particles in

unannealed  samples while in annealed samples due

to increase in particle size this behaviour is not

exhibited.

FT-IR  spectroscopic studies have been continued

on single crystals of ZnSe, ZnS, CaF
2
, KBr and Quartz.

The results of investigations reveal that there is no

predominant absorption peaks in the IR transmittance

and specular reflectance spectra of ZnSe. ZnS, CaF
2

and KBr and their respective average  values are

complementary to each other. FT-IR and FT-Raman

spectra of a number of samples related to

development projects of various divisions of NPL were

characterized.

Calibration of polystyrene films, pyroelectric

detector and IR thermometer from various

organizations such as Sipra Lab. Ltd, Hydrabad, Choski

Lab. Ltd., Indore, Maruti Udyog Ltd., Gurgaon, Manisha

Analytical Lab. Pvt. Ltd., Mumbai, Trading Corporation

(regd) India, Delhi and Northern Lab. Pvt. Ltd., Mumbai

were also undertaken.

X-ray Analysis

Characterization of materials by XRD & XRF

techniques

Characterization of  materials by X-ray diffraction

and X-ray fluorescence method  were carried out for

samples from various groups of NPL and out side

institutions. These materials includes carbon -carbon
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laboratories, for analyzing the material using their

equipments on given prescribed  experimental

parameters for round robin  test. Data received has

been analyzed for the certification  and dissemination

of certified reference materials. Repeatability of the

powder data result was verified by conducting

different experiments  over a period of  time. The

material is now ready for the for  the certification.

Nano-crystalline CoFe
2
O

4
 particles were

synthesized under the research activity of ferrofluid.

The crystallite size of  the  powder varied  from 5-28

nm on changing the annealing temperature from 373

K to 1173K.  On heating, the crystallite size increases

with a increase of  saturation magnetization(Ms)  from

18 emu g-1 to 74 emu g-1. The coercivity (Hc) also

changes from 0 Oe to 1200 Oe on increasing the

crystallite size.  X-ray diffraction pattern of the sample

shows the  single  crystalline phase of CoFe
2
O

4
 at all

the annealing temperatures. The electron

paramagnetic resonance study  shows the super-

paramagnetic nature of the particles.

The electromagnetic interference effect of super-

paramagnetic particles (Fe
3
O

4
, MnZnFe

2
O

4
, CoFe

2
O

4
)

of ferrofluid in polymer matrix in relation to

conductivity of the composites were studied. The

measurement of shielding effectiveness (SE)  was

carried out in X and K band  of microwave region and

it is observed that the shielding effectiveness increases

with the increase of doping and graphite  filler loading

level. Samples were characterized  by  XRD, EPR, SEM

and TEM techniques. The correlation of shielding

effectiveness and electrical conductivity is

investigated.

X-ray powder diffraction data on CuZnGa
3
Te

6
, has

now been included in the Powder Diffraction File (PDF)

of the International Center for Diffraction Data, the

pattern number is 56-1258 (2006).   Also X-ray powder

diffraction data on CuInSeTe and ZnGa
2
Te

4
 were

included in the PDF  file vide No 53-O457 and 55-

0260 (2005).

Electron Microscopy

Electron Microscopy plays a very important role

in the characterization of materials for their

microstructure, chemical composition and phase

identification. NPL has Scanning and Transmission

electron microscope facility. The group is  involved in

composites, carbon nano tubes, Zr and Silicates

compounds, Mg alloy, WO
3
, TiO

2
 , PbTe, , AlSb, SnO

2

bulk and thin films, InSb, C-BN and hBN,  Magnetic

materials like Ba-hexaferrite, Fe
3
O

4
, MnZnFe

2
O

4
,

CoFe
2
O

4
 . Thin film samples  of TiO

2
, B

4
C composites,

ZnO, CO/Cu multiplayer thin films, carbon nanotubes,

high Tc superconductor, SiC, Ceramic lik ZrO
2
, ZrNi

ZrCu, orthoferrites like PrCaFeO
3
, MnO

3
, luminescence

materials like ZnS  nano particles embedded in SiO
2
,

Conducting polymers like PANI and their composites

etc.

  Bonding of silicon onto glass is gaining attraction

due to its versatile applications in modern technology.

It is going to  play a key role in the development of

gen-next solid-state sensors and actuators. Proton and

phosphorous implantation in single crystal silicon

wafer and  ion-cutting were carried  at SSPL , New

Delhi.  High resolution X-ray diffraction rocking curves

and topographs were recorded using a double crystal

X-ray diffractometer attached with a 12 kW rotating

anode  X-ray generator (Rigaku, Japan make).  A (001)

monochromator of 100 mm diameter was aligned for

400 relp with CuKα
1
 radiation.  The specimen was

used as a second crystal in (+, -) configuration. High

resolution X-ray diffraction (HRXRD) curves for (400)

reflection of silicon wafer, un-implanted and P-

implanted ion cut silicon layer transferred onto glass

were recorded.  A very sharp diffraction curve was

obtained with (400) diffracting planes of silicon wafer.

The half width of this curve was found to be only 6

arc sec.

  This indicate that crystalline perfection of the

silicon wafer is very good since this experimental value

is very close to the theoretical value i.e. 3.8 arc sec.

The rocking curves for (400) reflections of

unimplanted silicon layer transferred onto glass were

recorded at different positions of the thin layer.The

average half width of the diffraction curve was nearly

32 arc sec.  These indicate that defects were

introduced during the anodic bonding of SOG.

However the rocking curves for P- implanted layer

shows varying half width from 90-220 arc sec. at

different places of the specimens which show the

P-implanted SOG is more defective.

In the IRM activity under the  project of planning,

preparation and dissemination of certified reference

materials, 5 gm of  α−Al
2
O

3
  samples were sent to 20
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the characterization of various type of materials

developed by different divisions. The microscopy

group also carries out research in the area of growth

and characterization of   materials such as doped InSb,

BiTe, SnO
2
 and ZnO.  We have  a  LEO 440  SEM  with

EDS attachment.  The facility is extensively used by

the  groups in the laboratory working on the

development of advanced materials for different

applications. This  facility has also been used by

various industries located in and around Delhi for the

characterization of their samples for particle size,

shape analysis, surface microstructure, failure analysis,

chemical composition of their products etc.  SiC

incorporated Al alloys, Al-Mg alloys,  SiC nanofibres,

SiC, SiC + B4C Composites, CNT's with Ni and Co as

catalysts, CNT Composites, Pure carbon graphite,

Carbon fibres made from different pitch with different

concentrations of polymers, fibres and reinforced glass

fibres, Vapour grown Carbon fibres with and without

polymers, SiC Oxidised and carbonised, Ferrofluid

composites and thin films, ZnO, SnO
2
 and CdS

powders, ZnS nano particles with Mn as dopant,   ZnO

and SiN films on Si, Ce-Ti films on Tin oxide coated

glass, ZnO and TiO
2
 deposited on Nb substrate have

been characterized, TiO
2
 films grown on different

substrates, WO
3
 thin films, Porous Silicon  grown in

micro channels /Si, Metal doped PS+PANI Composites

etc.  High Tc Superconducting Bi2223, Y123, La-Sr-

MnO3, Pb-Ca-FeO3 CMR materials C-BN  films/Si by

PECVD and C-BN Composites were also analyzed.

 The SEM and EDS facility has also been  used by

the industry for carrying out different type of testing

and analysis work. The service was provided to  M/s.

Delphi Automotive systems, Noida ; Ranbaxy Chemical

Manufacturing, SAS Nagar Mohali and Gurgaon;

Maruti Udyog Ltd, Gurgaon , Garware Polyester Ltd.,

Aurangabad;  Subros Ltd, Noida, Samtel Color Ltd,

Ghazibad ;.Minipore Microproducts,  Ghaziabad and

GKN Drive Line (India) Ltd,  Faridabad.

Microstructural characterization of variety of

materials  has been done using the TEM (model JEOL

JEM 200 CX) facility.  This system has been used for

NPL and outside R&D organizations.  The process for

the procurement and installation of  a  new   Tecnai

G² F30 S-TWIN TEM  with excellent and versatile

capabilities for high resolution imaging as well as

extremely good analytical performance is under

process.

Ultra-fine objects of oxide semiconductors like

zinc oxide (ZnO) and cadmium oxide (CdO) are unique

materials possessing novel electrical, mechanical,

chemical and optical properties.  The present work

envisages the preparation of these materials

employing a vapor-solid mechanism by a simple

thermal evaporation technique. In this process the

growth is governed via vapor-solid, in which the metal

vapor evaporated from the starting material at a high

temperature reacts with the oxygen and directly

deposits on a substrate.

Fig. 5.1 exhibits the growth of very high yield

tetrapod morphologies of ZnO with a hexagonal

wurtzite crystal structure (a=0.33 nm, c = 0.52 nm).

CdO has been grown with a hybrid shapes of faceted

cuboids (Fig. 5.2a) and long smooth surfaced rods

(Fig. 5.2b) of NaCl-cubic structure (a=0.47 nm) with a

preferred direction along 002. These ultra-fine

nanostructured oxides with large surface area and

inherent physical, mechanical & thermodynamic

Fig. 5.1

Fig. 5.2a

Fig. 5.2b
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properties are futuristic materials for many usages.

Several papers have been presented and a patent has

also  been filed  on the growth of  nanostructured

ZnO.

Indian Reference Materials

Preparation and Dissemination of Certified Reference

Materials and Chemical Metrology

National Physical Laboratory is coordinating a CSIR

Network project on "Up gradation of SI Base Units,

National Standards of Measurements & Apex

Calibration Facilities and Creation of High Quality

Network of Testing and Calibration Laboratories and

Preparation & Dissemination of Certified Reference

Materials (CMM 0024)". Work on preparation and

dissemination of certified reference materials has been

included as Task 4 in this project. Thirty-five reputed

laboratories of the country are the partners in this

project. This year a new CRM of High Grade Gold

Geochemical Reference Material (BND 3401.01) had

been prepared in collaboration with NPL, New Delhi,

NGRI, Hyderabad and M/s Hatti Gold Mines Co. Ltd.

(HGML), Hatti, Dist. Raichur, Karnataka State. It is a

first CRM, which was prepared under a collaborative

programme with any industry. It was sent to the fifteen

laboratories in India, Canada, China and Tanzania to

measure the concentration of gold and other major,

minor, trace and REE elements after homogenization

and homogeneity test. Thirteen laboratories reported

the values and the concentration of gold have been

certified to be 12.12 + 0.68  g/g at a confidence level

of 95% (coverage factor k=2) on the basis of inter-

comparison results. Uncertified concentration of other

major, minor and 56 trace elements including all rare

earth elements (REE) had also been given for the

information to the user.

This CRM was released on January 24, 2006 by

Prof. Paul De Bievre, Member, ISO Council on Reference

Materials; Member, Consultative Committee on

Amount of Substance and Editor-in-Chief, Journal

Accreditation and Quality Assurance ("ACQUAL")

SPRINGER.

  Work on the preparation of following new CRMs

in different areas had also been initiated:

i) Spectroscopic (Metals & Alloys) Reference Materials.

   Six heats of Plain Carbon steel (200 kg each)

Containing elements responsible for their quality

and grade have been prepared at NML, Jamshedpur.

The concentration of these elements in different heats

varied to get the desired property of the steel. As an

typical example the concentration of carbon is in the

range of 0.003-1% C.  All the heats are under

homogenisation. The other elements to be certified

are:S, Si, Mn, P and Cr.

ii) ααααα-Alumina

A new XRD standard of α-alumina particle size

25 micron is prepared from commercially available

high purity material by grounding and annealing

at NPL. The material is under round robin testing

at 12 laboratories for its certification.

iii) Petroleum Standard

This material has been prepared at IIP,

Dehradun. Five elements namely Na, Ca, Mg, Fe

and V in known concentration have been doped

in the materials. After stability studies material

has been sent to 20 participating laboratories for

round robin testing.

iv) Mono Elemental Solutions

CRMs of  new elemental solutions  (a) BND

105.01: Lead,  (b) BND 205.01: Cadmium  (c) BND

1205.01: Zinc, (d) BND 1305.01: Iron, (e) BND

1405.01: Copper ,(f) BND 2101.01: Strontium, (g)

BND 2201.01: Cobalt, (h) BND 2301.01:

Magnesium, (i) BND 2401.01: Bariun , (j) BND

2501.01: Chloride and (k) BND 2601.01: Sulphate

Solution: with nominal concentration 5 mg/L

have been prepared and send to 20 participating

laboratories for round robin testing.

v) Nature Water

For preparation of CRM of multi elements

(cations and anions) in nature water raw water

has been collected from granite hard rock area of

Vairapalli near Hyderabad for certification of

cations and anions. The sample was divided in

two parts and cations and anions were stabilized

separately by the addition of stabilizing agents.

Both the materials are under round robin testing

at 18 participating laboratories.

vi) Pesticides

Four pesticides  Chlorpyriphos, Isoproturon,

Fenvalerate and Cypermethrin had been prepared

and purified at IICT, Hyderabad. These materials

have been sent to 13 participating laboratories
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to measure their concentration under round robin

testing.

vii)  Gas Standard

Certified reference material of Carbon dioxide in

nitrogen has been prepared at NPL. Its stability

has also been studied. The sample is ready for

dispatch for round robin testing.

Some of the important users belong to Defence,

Power, Petroleum, Bureau of Indian Standards,

National Test House, State Pollution Control Boards

and Public Health sectors. Nepal Bureau of Standards

and Metrology is also using these CRMs.

Crystal Growth  & Characterization

 A new activity of growing nonlinear optical (NLO)

organic and semi organic single crystals by slow

evaporation growth technique (SEST) has been started

first time at NPL. Some of the successfully grown

crystals are benzimidazole (BMZ), hippuric acid (HA),

8-hydroxy quinoline (8-HQ), L- alaninium maleate

(LAM), methyl p-hydroxybenzoate (p-MHB) etc. These

crystals have been characterized by various

instrumentation methods with the help of some

collaborators namely , (i) High-resolution X-ray

diffractometry (HRXRD) to evaluate crystalline

perfection., (ii) Powder XRD to confirm their structure,

(iii) FTIR and NMR to confirm functional groups, (iv)

DT/TGA to assess thermal behaviour, (v) UV-Vis. and

PL spectroscopic studies to characterize their optical

properties,  (vi) Kurtz Powder test to determine the

second harmonic generation (SHG) conversion

efficiency using Nd:YAG Laser source, (vii) Laser

damage threshold to see their strength needed for

device applications and (viii) Vickers micro hardness

test, to assess the mechanical strength. Enhancement

of crystalline perfection and other physical properties

due to thermal annealing in BMZ crystals was

observed.

After designing and fabrication of suitable

glassware apparatus a sample benzimiazole single

crystal in a predetermined unidirection by using a

suitable seed crystal has been grown first time by a

unidirectional slow evaporation solution technique

(USEST) similar to the recently invented SR method

and its crystalline perfection was found to be excellent

as evaluated by HRXRD.

We have carried out HRXRD studies for the

samples grown by our collaborators like

acenaphthene, sulphamic acid, doped KDP/ADP, Ben-

zophenone, Phthalic Anhydride, L-Lysine

monohydrochloride dihydrate (L-LMHCl), L-

Asparaginium Picrate (LASP), zinc thiourea sulphate

(ZTS) etc. to assess the crystalline perfection. In doped

ZTS crystals we have found some interesting facts by

HRXRD. Some organic dopants form complexation

with impurities in the solution in the form of an

epilayer and restrict the entry of imputies inside the

crystal, which results a better quality of the crystal

and at the same time, enhance the growth rate. We

also characterized the effect of irradiation on the crys-

talline perfection.

Point defects in as-grown and annealed bismuth

germanate (BGO) single crystals have been

characterized by high-resolution diffuse X-ray

scattering measurement technique. These studies

could explain the rarely observed colours along certain

facets and also revealed the changes in volume and

density of point defect clusters due to thermal

annealing.

Enhancement in crystalline, piezoelectric and

optical quality of undoped and Fe-doped LiNbO3

Dr. Paul Bievre, Member, ISO Council on Reference Materials;
Member, Consultative Committee on Amount of Substance and
Editor-in-Chief, Journal Accreditation and Quality Assurance
(“ACQUAL”) SPRINGER releasing a new Certified Reference
Materials High Grade Gold Geochemical Reference Material
(BND 3401.01) on January 24, 2006. Other dignitaries on the dais
from his left are Dr. Vikram Kumar, Director NPL; Dr. S.K. Gupta,
Head Materials Characterization Division and right Dr. A.K.
Agrawal, Coordinator, Certified Reference Material Programme;
Dr.V.P.Dimri, Director, NGRI; Mr.Ashok V. David, IAS, Managing
Director, HGML, Bangalore and Dr. V. Balaram, Scientist NGRI.
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single crystals by post-growth annealing and poling

has been studied by HRXRD, XRT, FTIR, UV-Vis. and

piezoelectric measurement techniques. These studies

are pertaining to CSIR network project (CMM-0022/

1G).

Porous silicon (PS) layers formed by anodization

on polished and textured substrates of (100)Si at

different current densities have been characterized

by HRXRD, topography, radius of curvature, strain

measurements etc. These studies indicate that the

structural, mechanical and optical properties of thick

PS formed on textured Si are superior to those formed

on polished Si substrates.

Secondary Ion mass spectrometry

Mixing behaviour of buried transition metal layer in

silicon due to swift heavy ion irradiation

Different transition metals have already been tried

to form silicides, which are widely used in

microelectronics and other applications. Amongst the

different synthesis techniques adopted to grow such

metal silicides, swift heavy ion beam mixing (SHIBM)

with post annealing is becoming more attractive in

term of its spatial selectivity, precise control and low

temperature process.

Apart from being technologically important the

behavioural changes that take place when energetic

ions lose their energy also requires to be thoroughly

investigated. We, in the present work, have

undertaken similar transition metals, V, Fe & Co, to

study the Si/V/Si, Si/Fe/Si and Si/Co/Si   systems, which

might give us an overall trend in mixing behaviour of

similar transition metals with Si due to SHI. For this

experiment the thin film samples were prepared by

depositing the transition metal (Me = V, Fe or Co) on

Si wafer using electron beam evaporation technique

under UHV condition at a base pressure of 1.5x10
-8

torr. 120 MeV Au ions were used to irradiate the Si/

Me/Si (Me=V, Fe, Co) samples using 15 UD Pelletron

at NSC, Delhi. The fluences used were varied between

1x10
13

 and 1x10
14

 ions/cm
2

.

The behaviour of interface mixing was studied

using two complementary techniques, viz, RBS and

SIMS. The RBS experiments were performed on both

the un-irradiated and irradiated samples using 1.0 MeV

He beam. A quadrupole type Secondary ion mass

spectrometry (SIMS) was used for studying the

interface profile of  Si/V/Si and Si/Fe/Si.  In case of Si/

Co/Si a dual beam of (Ar+ and Ga+) TOF-SIMS was

used. The depth profiling of the Si/V and Si/Fe samples

were carried out with oxygen primary ions of energy

and the +ve secondary ions were collected for

analysis. In case of Si/Co/Si, Ar+ ions of energy 1.0

keV with 13nA beam current were used for sputtering

and Ga+ions of 11.0keV with 1pA was used for

analysis. The layer thicknesses of the metal layers were

measured from the RBS data. These were further used

to normalize the depth scale of SIMS data for the

measurement of mixing layer width.

Mixing rates were estimated for all the three

systems. Mixing rate, k, is defined as k = ÄÙ2/Ö where

ÄÙ2 is the spatial mixing width and ÄÙ2 = ÄÙ
t
2 – ÄÙ

0
2,

Ö = maximum fluence. The k values are calculated

from the slope of the ÄÙ2 vs Ö graph. Mixing rate in

case of V is  kv~ 600 nm4, where as in case of Fe and

Co, mixing rates are kFe ~ 225 nm4, kCo ~ 125 nm4

respectively. This shows that the mixing rate of V, Fe,

and Co with Si has a decreasing tendency under SHI

irradiation. From the above data it is clear that as we

increase the atomic number (or mass) in the transition

metal series, the mixing rate decreases suggesting a

direct correlation between the atomic number and

the mixing behaviour.

 Considering the properties of transition metals,

the energy required for the bond breakage of the

transition metal atoms increases suggesting a decrease

in the mixing rate since the ion fluence or the energy

supplied due to SHI irradiation remained same. Higher

mixing rate in case of V can also be attributed to its

lower heat of formation as compared to Fe and Co.

The diffusion co-efficient for Si/V/Si was found to be

Dv ˜ 10-6m2s-1, which is characteristics of the liquid

phase. Similar calculations for Fe and Co in Si show

almost same order of values i.e. D
Fe 

or D
Co˜10–5-

10-6m2/s. Considering the fact that liquid phase

diffusivity is almost five orders of magnitude higher

than solid phase diffusivity at high temperatures, it is

clear that mixing has taken place in transient melt

phase, which suggests that thermal spike model is

responsible for mixing.
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jk"Vªh; HkkSfrd iz;ksx'kkyk dbZ o"kksZa ls jsfM;ks ds izlkj rFkk ek/;e ¼ehfM;k½ ds vfHky{k.kksa ds lkFk ok;qe.Myh; foKku ij O;kid
vuqla/kku ,oa fodkl dk;ZØe pyk jgk gS ftlesa fo'oHkj esa ok;qe.My esa gks jgs ifjorZuksa ds vuqla/kku dk;Z ij fo'ks"k /;ku fn;k
tk jgk gSA bl o"kZ ds dk;Zdykiksa dks nks izeq[k iz;ksx'kkyk ifj;kstukvksa ¼,e ,y ih½ ds vUrxZr u, <ax ls 'kq: fd;k x;k gS &
ifjorZu'khy ok;qe.Myh; okrkoj.k bldh izfØ;k,a ,oa izHkko vkSj jsfM;ks HkkSfrdh vkSj vuqiz;ksxA bu nksuksa ifj;kstukvksa ds mn~ns';
dks fuEufyf[kr iSjkxzkQksa esa la{ksi esa o.kZu fd;k x;k gSA

ifjorZu'khy ok;qe.Myh; okrkoj.k] bldh izfØ;k,a vkSj izHkko % ok;qe.Myh; okrkoj.k Hkwfe&egklkxj ok;qe.My <kaps dk ;ksx
gS tks bldh tfVy izfØ;kvksa vkSj iqufuZos'ku ds }kjk ifjorZuksa ds izfr vfrlaosnu'khy gSA gky gh esa] fo'o esa O;kid ifjorZu ds
lUnHkZ esa blds izHkko dks cgqr vf/kd egRo izkIr gqvk gSA blfy, orZeku esa ifjorZu'khy ok;qe.Myh; okrkoj.k] bldh izfØ;kvksa
vkSj izHkkoksa dh fof'k"Vrkvksa ds ckjs esa xgu iz;kl fd, tk jgs gSaA ok;qe.My ds vo;oksa dk irk yxkus] xzhu gkml xSlksa vkSj iqjksxkeh]
ok;q/kaq/k vkSj lw;Z ds fofdj.k ds lEcU/k esa fo'ks"k egRo fn;k tk jgk gSA bl v/;;u esa lkalkfjd vkSj vkdk'kh; eki ¼ftlesa Hkwfe
vkSj egklkxj ij ;kstukc) iz.kkyh iz;ksx] vaVkdZfVdk esa LFkk;h Hkwfe LVs'ku ij yEcs le; rd eki vkSj izs{k.k 'kkfey gS½] ekWMfyax]
lEcfU/kr ek/;e jsQjy iz;ksx'kkyk dh LFkkiuk vkSj fofo/k vkadM+ksa dk l̀tu 'kkfey gSA

jsfM;ks HkkSfrd vkSj vuqiz;ksx & lgh vFkksZa esa jsfM;ks rjax ds izlkj ds fy, ok;qe.Myh; okrkoj.k ̂ eqDr varfj{k* ugha gSA ok;qe.My
dk fupyk Hkkx fuf"Ø; gksrk gS] tcfd bldk Åijh Hkkx vkosf'kr gksrk gSA fupys Hkkx dks ^VªksiksLQsvj* vkSj Åijh Hkkx dks
vkbuksLQsvj ds uke ls tkuk tkrk gSA ;s nksuksa gh ek/;e vk'p;Ztud rF;ksa ds lkFk jsfM;ks ladsr ds izlkj ds fy, mi;ksxh gSaA ,slk
rF; ftls bl {ks=k esa izxfr dk ekxZ iz'kLr djus ds fy, yxkrkj [kkst djus dh vko';drk gS] vk'p;Z dks de djus ds fy,
ek/;e dk vo'; gh fof'k"Vhdj.k fd;k tkuk pkfg, vkSj mls le>k tkuk pkfg,A blh dkj.k ls izHkkx ek/;e fof'k"Vrkvksa dk
dk;ZØe pyk jgk gS rkfd HkwHkkSfrdh; ¼ftvksfQftdy½ esa varfuZfgr fofo/k izfØ;kvksa dks le>dj jMkj vkSj lapkj ¼eksckby] ykbu
vkWQ lkbV vkfn lfgr½ esa blds mUur vuqiz;ksxksa ds fy, bls csgrj cuk;k tk ldsA ekWMy fodflr djus ds fy, i;kZIr vkadM+ksa
dk l̀tu vkSj HkkSfrdh dks le>uk cgqr vko';d gSA izHkkx mixzg iz.kkyh] jMkj vkSj ykbu vkWQ lkbV fyad ¼tks o"kZ Hkj pyrk jgrk
gS½ dk mi;ksx dj vkbuksLQsvj vkSj VªksiksLQsvj nksuksa ek/;e dh lhekvksa ij fu;a=k.k j[k jgk gSA bu vkadM+ksa dk fo'ys"k.k dj
ek/;e dks vPNh rjg le>k x;k vkSj 'kq)rk dks fu/kkZfjr fd;k x;kA blds vfrfjDr] Hkkjr ds ekuuh; jk"Vªifr }kjk oSKkfudksa ls
HkwdEi ds lEHko vxzlwpuk dk irk yxkus dh laHkkoukvksa ds vkg~oku dk vuqlj.k djrs gq, izHkkx us laHko vxzlwpuk ds :i esa
vkbuksLQsvj esa gksus okys dqN vlk/kkj.k ifjorZuksa ds fujh{k.k ds v/;;u dk dk;Z 'kq: fd;k gSA



 RADIO AND ATMOSPHERIC SCIENCES

Radio and Atmospheric Sciences Division (RASD) at the National Physical Laboratory has been pursuing

comprehensive Research & Development programs on Radio Propagation and media characterization as

well as Atmospheric Sciences with a special focus on Global Change Research for many years. This year

activities have been reorganized under two Major Laboratory Projects (MLPs) - Changing Atmospheric

Environment, its Processes and Impacts and Radio Physics and Applications.  Objectives of these two projects

are described briefly in the following paragraphs.

Changing Atmospheric Environment, its Processes and Impacts: The Atmospheric environment is a coupled

land-ocean-atmosphere system susceptible to changes through its complex processes and feedbacks. Its

impact on geosphere-biosphere has gained greater importance recently in the context of Global Change. An

intense effort is therefore on presently to characterize the changing atmospheric environment, processes

and its impacts. Particular emphasis is being put in respect of atmospheric trace constituents, green house

gases and precursors, aerosols and solar radiation. The study involves temporal as well as spatial

measurements (which includes campaign mode experiments over land and ocean, long term measurements

over permanent land stations and observations at Antarctica), modeling, related instrumentation, setting

up of referral laboratory and creation of various databases.

Radio Physics and Applications:  The atmospheric environment for radio wave propagation, in true

sense, is not “Free Space”.  Lower part of the atmosphere is neutral while upper part of it is charged.  The

lower part is known as “troposphere” and the upper one is known as “Ionosphere”.  Both of these media are

useful for propagation of radio signals with elements of surprises – the fact that require continuous research

leading to developments in the field.  To minimize the surprises the media must be characterized &

understood.  It is for this reason that the division has been pursuing media characterization programmes,

understand the various underlying geophysical processes leading to improvements for advanced applications

in radar and communication (includes mobile, line-of-sight etc.). Generation of data base to develop models

and understanding of physics is a must.  The division has been monitoring both ionospheric / tropospheric

media parameters by using satellite systems, radars and line-of-sight links which continued during the year.

Analysis of these data led to better understanding of the media & estimation of corrections.  Further, following

the President of India’s call to scientists to look at the possibilities of finding possible precursors of earthquake

the division initiated studies to examine some unusual changes foF2 in ionosphere as possible precursors.
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Atmospheric Environment and Global Change

Studies

Features of Temperature Inversion During FOG

The atmospheric boundary layer from very close

to ground to 35 m altitude has been characterised

in terms of temperature variations, especially during

post sunset hours in winter  months. Vertical

temperature gradients, as recorded by the fast

response, matched-bead-thermisters, have shown

the onset of a strong temperature inversion layer

very close to ground within 35m height following

sunset. Temperature gradients of 3 to 8 deg C within

30m altitude have been recorded on different days.

Maximum temperature change is normally seen

between 6m and 30m sensors and  temperature

minima may be seen any where between 2m and

close to earth surface. Inversion starts building

around sunset with much faster decrease of

temperature of layers closer to ground, and matures

thereafter within 1 to 2 hours. It normally persists

through out the night and vanishes soon after

sunrise. On  many days, however, it is found to

persist even after sunrise for several hours and

sometime even through out the day in continuation

of the next day inversion occurrence. On some nights

inversion vanishes suddenly bringing the temperatures

at all heights to the same value and following this the

onset of strong radiative fog  occurs.

Trace Gases and Aerosol Studies

Seasonal variations of aerosol number size

distribution at NPL, New Delhi during 2004-2006

Seasonally, aerosol number concentration

(Fig. 6.1) in sub-micron size regime has been found

highest in winter season than summer and monsoon

seasons.

In the sub-micron mode, wintertime aerosol

number concentration is approximately 8 & 4.5 times

higher than summer and monsoon values,

respectively.

Where as in super micron mode, wintertime

values are approximately 1.4 times higher than

monsoon values. But in this size regime the summer

values are approximately 3 & 7 times higher than

winter and monsoon values, respectively and it may

be due to the coagulation of smaller size particles

and became bigger size particles or wind blown dust

during summer.

The number-size distribution at NPL has been

found to be bimodal with dominant sub micron

mode particles. Keen observation of the data reveals

that fine mode particles (r ≤ 0.5m) are dominant

and their percentage share to total number of

particles is approximately 85.

Aerosol and Radiation Studies

During this period the major emphasis of the

aerosol and radiation research group had been to

study the aerosol-radiation interaction and to

estimate the radiation forcing using the ground

based observations, satellite remote sensing data

and aerosol and radiation models like OPAC (Optical

Properties of Aerosol and Cloud), SBDART (Santa

Barbara DISORT Atmospheric Radiative Transfer) and

TUV (Tropospheric Ultraviolet Visible). The

observations cover the northern and central Indian

region, the coastal and deep-sea regions onboard

Sagar Kanya ship and NPL Delhi. A few results are

highlighted below:

Aerosol forcing over Delhi

Intense aerosol loading during pre-monsoon

period over Delhi is found to be responsible for a

very low and some time negative Angstrom

exponent and high average AOD at 500nm (1.17±

0.65). The surface fluxes in the wavelength range

280-2800 nm were measured during the pre-

monsoon period, April-June 2003 along with the

spectral distribution of aerosol optical depth (AOD)

in the visible and near infrared wavelengths. The

Angstrom exponent alpha retrieved from the dataFig: 6.1: Atmospheric aerosol number size distribution at
NPL, New Delhi during 2004-2006
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showed abundance of desert aerosols over Delhi

during this period. The aerosol composition

constructed using the OPAC model indicated a

typical mixture of two aerosol types: Urban and

Desert. Due to this the aerosol mixture had a very

low value of single scattering albedo ~0.67. The

average total radiative forcing efficiency observed

at the surface in the broad wavelength band (280-

2800 nm) was estimated and compared with the

SBDART model calculated values. The observed

short-wave forcing efficiency was of the order of 13.6

±1.4 Wm-2 and the SBDART model estimate value

was in the range 16.1 ± 1.2 Wm-2.

Column AOD & Size distribution in Central India

Studies were carried out on the ground-based,

clear sky daytime measurements of column aerosol

optical depths at different wavelengths and the

mixing height of atmospheric boundary layers at

various locations, conducted during ISRO-GBP

aerosol-radiation-trace gases measurements

campaign in the Central Indian region (17.3o N to

28.6o N and 77.2o - 78.2o E) from Delhi to Hyderabad

and back, in the month of February 2004. The

measurements show AOD variation at 500nm in the

range of 0.2 to 0.5 and Angstrom exponent in the

range of 1.0 to 1.4 throughout the region. The entire

experimental region was classified into four

categories depending upon their locations and

surroundings, viz., forest, rural, semi-urban, and

rural-dusty. The volume size distribution of the

aerosol particles at all these categories showed a bi-

modal distribution with fine mode dominating

around 0.23  µm effective radius and the coarse mode

dominating around 1 micron. The forest site near

Jabalpur showed minimum AOD and α values with

an equal contribution of aerosol particles in the fine

and coarse mode. As the fine mode particle

concentration relatively increased at other regions,

the α value also went on increasing, along with the

increase in AOD. The AOD also showed a latitudinal

variation with a minimum occurring at about 23.5o

N. During the whole campaign the average mixing

height of planetary boundary layer (PBL) during the

daytime was found to be between 650-950 m.

UV Irradiance in Lower Himalayas

The observations at Nainital during December

2004 showed that the diurnal maximum irradiance

at 305.5, 312.5 and 320.0 nm in a 2.4 nm bandwidth

varied between 0.015-0.020, 0.15-0.20 and 0.29-

0.37 Wm-2 respectively with average AOD ~0.06.

The measured UV irradiances are compared with the

Tropospheric Ultraviolet Visible (TUV) radiation

model and show a good agreement. The backwards

trajectory analysis using Hybrid Single-Particle

Lagrangian Integrated Trajectory (HYSPLIT)

backward trajectory model suggest that AOD

increases due to winds from populated north Indian

plains and decreases when winds are from pristine

Himalayan ranges in the west.

Trace gases and aerosol over Indian Ocean during

monsoon and transition period

Flow of pollutants is expected from south and

south-east Asia during the monsoonal transition

period due to the wind flow patterns different from

monsoon period. This is the first detailed report on

aerosols and trace gases during the sampled period

as the earlier Bay of Bengal Experiment (BOBMEX),

Arabian Sea Monsoon Experiment (ARMEX) and

Indian Ocean Experiments (INDOEX) are during

monsoon seasons. Characteristics of trace gases

(O
3
, CO, CO

2
, CH

4
 and N

2
O) and aerosols (particle

size of 2.5 micron) were studied on board Sagar

Kanya over the Arabian Sea, Equatorial Indian Ocean

and southwest part of the Bay-of-Bengal during the

monsoon transition period (October-November,

2004). The significant results are obtained as

follows:

(i)  The wind flow patterns during monsoon transition

period are different from the period of monsoon

as observed in NCEP/NACR reanalysis and on

board measurement meteorological parameters.

The 10-days backward trajectories suggest that

origin of air parcel over Arabian Sea is mostly

over the ocean, whereas, origin of air mass along

the equator and return journey is either from

south and south east Asia.

(ii) Surface ozone concentration is maximum near

coastal region and minimum near equator. Along

longitude, no substantial changes are observed

in Ozone concentration. Carbon monoxide

concentration shows similar feature with

maximum value near the coast and lowest value

near the equator. The observed trend is

consistent with the earlier reported results. The
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role of long range transport from south Asia and

southeast Asia, which are region of biomass

burning as seen MOPITT and MODIS data, are

assessed.

(iii) Arabian Sea, North Indian Ocean and Bay of

Bengal are important regions in terms of sea-to-

air exchange of biogenic gases. No atmospheric

observation of CH
4
, CO

2
 and N

2
O is available

during monsoon transition period; therefore,

comparative study is not possible at this stage.

Large variation of CH
4
, CO

2
 and N

2
O

concentration over short time scale is however

unexpected.

(iv) During onward journey from 15oN to equator,

CH
4
 and N

2
O show prominent negative

gradients, and CO
2
 shows positive gradient,

whereas, on return leg CH
4
 and CO

2
 shows

positive latitudinal gradients, whereas, N
2
O

concentration does not shows such trend. Since

Arabian Sea is normally known as a region of

CO
2
 and N

2
O emitter, the enhanced concentration

of atmospheric CH
4
 and N

2
O over Arabian Sea

might be due to emission from ocean, whereas,

the enhanced value over Bay of Bengal and along

the equator may be linked to biomass burning

over East Asia and South East Asia.

(v)  The mass concentration of PM2.5 is to be varied

within 5-20 µg/m3 except during the journey

along the equator, where, the value has reached

as high as 37 µg/m3. Relative humidity and wind

speed is strongly correlated with high

concentration of PM 2.5. Chemical composition

analysis of these samples may give more insight

into enhanced concentration.

Budget estimation of Carbonaceous Aerosol Emissions

from Rural India

Budget estimate for carbonaceous aerosols

including black carbon and organic carbon, emitted

from the combustion of various fuels, is very

important for regional climate studies. Emission

factors for carbonaceous aerosols from bio-fuels and

soft coke were determined in a controlled

combustion study. The emission factors thus

obtained along with those available for other fossil

fuels consumed in different sectors, have been

applied to assess the budget for carbonaceous

aerosols from India. The emission factors were

determined for OC and BC for fuelwood (OC: 3.5±1.9

g/kg, BC: 1.1±0.5 g/kg), dungcake (OC: 12.6±4.5 g/

kg, BC: 4.4±2.2 g/kg), agricultural residue

(OC: 3.9±3.4 g/kg, BC: 1.3±1.1g/kg), charcoal

(OC: 0.9±0.6 g/kg, BC: 0.4±0.2 g/kg) and softcoke

(OC: 1.2±0.6 g/kg, BC: 0.8±0.4 g/kg).

Based on the consumption of fuels in different

sectors in India, the emissions of carbonaceous

aerosols consisting of organic carbon and   black

carbon are 2.8 Tg. The residential sector has

maximum contribution of OC (1.1-3.2 Tg) and BC

(0.3-1.0 Tg); out of which dung cakes show the

highest emissions in spite of its lower consumption

as compared to fuel wood. Major (~80%) portion of

carbonaceous aerosols emitted from India are found

to originate from the use of biomass for energy as

70-80 percent of energy requirement in rural India

is met by combustion of traditional bio-fuels.

Tropopause Studies over Indian Tropical Region

Extremely low Tropopause Temperature Over Indian

Tropical Region During Monsoon and Post Monsoon

Period: Possible Implications

Many years ago, Newell and Gould-Stewart

pointed out the significance of Bay of Bengal and

Indian tropical region in Stratosphere-troposphere

exchange (STE) processes. The 'freeze and dry effect'

is generally believed to occur when the tropopause

temperature is lower than 191K. So far, there are

observational evidences to support the role of 'freeze

dry mechanism' over the western Pacific region, in

particular, over Indonesia. The observations from

four intensive radiosonde /GPS sonde campaigns

during summer monsoon and post monsoon seasons

from number of stations in tropical Indian region

provide clear evidence of the existence of tropopause

temperature lower than 191K. Analysis suggests that

cold tropopause occurs over a wide area of 5°x5° in

latitude and longitude and more often around local

midnight hours. Occurrence of cold tropopause

temperature appears to occur more often over the

ocean as compared to the coastal stations. The

observations, at the coastal stations show that on

the days of low temperature, the tropopause is cooler

by  ~8K than the climatological temperature for the

Indian equatorial region and ~ 3.5K from mean of

all observations. It is noted that on the days of

observed cold tropopause, the lapse rate just below
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the tropopause, is closer to the dry adiabatic lapse

rate. This indicates a rapid cooling in a narrow height

range. The present observations thus provide

evidence that 'freeze dry mechanism' could be

operating over a wide area, which includes the Indian

tropical region.

Present observations show that Indian tropical

region, including Bay of Bengal, actively participates

in STE process and contributes to the dehydration

of the stratosphere during monsoon and post

monsoon seasons. It appears that both i.e.

convection and the wave activity have a role in the

occurrence of low tropopause temperature. Since the

convection may not be right overhead, the

horizontal advection is transporting air through the

cold tropopause region and subsequently into the

stratosphere. Long series of high range resolution

radiosonde measurements of winds, temperature and

water vapour are required in the upper troposphere

and the lower stratosphere region to link the

occurrence of low tropopause temperature to the

water vapour in lower stratosphere and to better

understand the complex processes, taking place in

the vicinity of the tropical tropopause, that determine

the stratospheric water vapour and its long-term

trend.

Antarctica studies

 One complete  year data taken at Maitri,

Antarctica were analyzed to study  the annual

variation of carbon mono-oxide. The diurnal

variability in CO concentration has been observed

with hourly ratios ranging from 30ppb to 90ppb at

Maitri. It has been observed that on clear sunny days

CO concentration  increases  in daytime with sunlight

intensity. The Figure 6.2  below depicts the  annual

variation of Monthly mean CO concentration at

Maitri Antarctica  in  2004. Higher   concentrations

were found in the months of  June, July , September

and October and  lower  concentration  in  February

and January.

RADIO PHYSICS AND SPACE APPLICATIONS

Upper atmospheric Studies

Ionospheric perturbations over Delhi caused by the

December 26, 2004 Sumatra Earthquake

The death and destruction caused by the Sumatra

earthquake on 26 December 2004 has once again

jolted the seismologists to find a reliable precursor

of an impending major earthquake. The F-region

ionospheric parameters probed remotely by a digital

ionosonde over Delhi (28.60 N, 77.20 E) have shown

precursory signatures in the form of anomalous

increases in foF2, few days before the occurrence

of 26 December 2004 Sumatra earthquake (see Fig.

6.3) of 26 December 2004 Sumatra earthquake.

Results indicate severe perturbations in foF2 and hmF

several hours before the deadly earthquake. The

Fig. 6.3 Dashed gray line shows upper quartile and lower
quartile values. Solid gray line shows monthly
median value and black solid line show observed
foF2 values.

wavelike perturbations in foF2 continued for several

days even after the event. It is important to note

that this earthquake struck at a time when there

were no solar or geomagnetic disturbances for days

together to cause any anomalous ionospheric

changes.

Fig. 6.2 Monthly mean CO concentration at Maitri Antarctica
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Prediction of Solar Cycle 24 using modified precursor

method

For predicting the maximum amplitude of

forthcoming solar cycle number 24, precursor

method is used. Precursor technique is based on the

correlation of geomagnetic indices (disturbances)

prior to the minimum or in the falling part of the

sunspot cycle with the magnitude of the ensuing

solar cycle maximum. In the present study, twelve

monthly running average sunspot number (R12) and

the number of geomagnetic disturbed days in a

month (with Ap ≥ 25) for the periods corresponding

to last seven solar cycles number 17 to 23 are

considered. Geomagnetic disturbance index (DI) is

determined using 12 month moving average of the

monthly geomagnetic disturbed days. The linear

correlations analysis is obtained between DI at ten

selected times (defines as variate 1, 2 etc) during

the decline part of a solar cycle with the R12

maximum (R12M) of the ensuing solar cycle. It is

noted that the DI values near to the minimum of

the declining part of a cycle i.e. variates 8 to 10,

gives the best correlations with correlation

coefficient (CC) equal to about 0.9 or more with the

R12M of the ensuing solar cycle. These correlations

are used to predict back the observed R12 peak values

for cycles 17-23 and the results agree within about

10%. Instead, in each cycle if DI average of the best

two cases with highest correlation coefficients are

taken and again determine their correlation with peak

R12M values of the ensuing solar cycle then the

correlation results further improves drastically

getting CC=0.98 and predicted values reaches

within 5% of the observed R12 peaks for cycles

17-23. This modified technique predict a maximum

amplitude of about R12M =139.6 ± 6.7 for the

forthcoming solar cycle number 24 which is expected

to occur about 50.5 ±  0.4 months after the minimum

of cycle 23. The predicted cycle no. 24 is shown in

figure 6.4.

Response of Low Latitude Ionosphere to magnetic

storms : Observations from SROSS C2 data

Observations made by the Retarding Potential

Analyzer (RPA) payload onboard the Indian satellite

SROSS-C2 are examined for four prominent

geomagnetic storm events that occurred during the

high solar activity period of 1997-2000. The daytime

passes of SROSS-C2 have been selected to examine

the redistribution of ionization in the equatorial

ionization anomaly (EIA) region. Results from two

prominent storms of 15 November 1998 and 7 April

2000 show that the contribution of disturbance

dynamo related electric field is to modulate the

daytime eastward electric field by westward electric

field, which results in the weakening of EIA at the

low and equatorial latitudes.

It is also noted that, though E X B drifts

contribute significantly to redistribution of

ionization at these latitudes, to explain the observed

distribution of ionization at these latitudes, it is

necessary to invoke other mechanisms. The changes

in E X B drifts combined with meridional winds

Fig. 6.4  Predicted maximum and shape of the forthcoming
Solar Cycle 24  Fig. 6.5 Negative ionospheric storm
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appear, to a large extent, explain the present

observations.  Figs. 6.5 and 6.6 show two different

ways,  the low latitude ionization distribution gets

affected by the modulation effects of E X B drifts

together with storm time neutral winds resulting in

negative and positive ionospheric storms.

TROPOSPHERIC COMMUNICATIONS

Urban mobile radio wave propagation characteristics

in the UHF band

A comparative study of urban mobile radio wave

propagation characteristics in the UHF band has been

carried out based on the field strength

measurements conducted inside a moving train in

two widely varying urban environments. The major

fall out of this study is the modification of Xia's

model which gave better agreement with observed

results. The field strength measurements conducted

with Chennai TV and FM were analysed and path

loss exponents were deduced from observed results.

These were compared with existing models. The

variability of path loss as a function of distance for

seven radial directions had been studied. This has

been done to identify simpler and easy models to

design future communication and broadcasting

circuits. Coverage and capacity issues in CDMA for

universal mobile telecommunication system

networks have been studied in different propagation

environments.

Fig. 6.6 Positive ionospheric storm

Studies of evaporation ducts for radio communication

over the Indian ocean region at 10.5 GHz

To study both the duct formation processes and

its variability and the extended range propagation

of radar and communication signals required

establishing microwave link at 10.5 GHz over an

ocean path of 10 km. The transmitter and the

antenna system is under development.  A Dielectric

Resonator based transmitter at 10.5 GHz is being

developed.  Also an antenna system at 10.5 GHz

with a high performance feed is under development.

Validation of International Reference Ionosphere model

(IRI) using Digital Ionosonde measurements at NPL,

New Delhi

Bottomside electron density profiles

 Using digital ionosonde measurements at NPL,

New Delhi , noontime bottomside electron density

profiles below the F2-peak, using in-built POLAN

program for moderate solar activity period (2003)

are obtained. These profiles are then normalized to

peak height and density of the F2-region and are

used to assess the predictability of the latest IRI-

2001 model. Our analysis shows that IRI model using

B0 Tab. option shows a good agreement with the

observations, while IRI with Gulyaeva option

overestimates bottomside electron density

distribution.

Bottomside profile shape parameters

In the IRI model the electron density distribution

below the F2-peak is described by analytical function

involving profile shape parameters (B0,B1), where

B0 represents  bottomside thickness and B1

determines the profile shape. The best B0,B1 are

derived by fitting each observed profile measured

from digital ionosonde to the bottomside IRI profile

function. These derived B0,B1 values are then

compared with those obtained from IRI model. The

data from 2001 to 2002 (82 ≤ R12 ≤ 114), a period

of high solar activity (HSA) and 2003 (52 ≤ R12 ≤
80), a moderate solar activity (MSA) are analyzed for

this study. (R12 is 12 month running average sunspot

number).

Comparison of median B0 values with those

predicted by the IRI model (B0 Tab.) during HSA for

all the seasons, show in general good agreement

during daytime, while the IRI (Gulyaeva) option
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reveals better agreement during nighttime.  While

for the B1 parameter, the IRI (Gulyaeva) option

overestimates during all the seasons, and IRI (B0

Tab.) predictions show good agreement with

observed median B1 values.  Diurnal variation of

B0,B1 parameters derived from digital ionosonde

measurements over New Delhi along with the IRI

model values are shown in the Fig. 6.7 and 6.8

respectively.

Fig. 6.8

Fig. 6.7

Fig. 6.7 and 6.8 show mass plot of the parameters B0 and B1
along with  their median values and the IRI model values
respectively.

Instruments and Facility Development Activities

Application of LabView Facility to Sunspot Activity

A powerful time-series analysis tool has been

developed using LabVIEW virtual instruments

platform for the analysis of "chaos" in sunspot

numbers and to enhance the predictability of solar

activity (Fig.9). This is based on a generalised scheme

(algorithm) for observing and studying chaotic

systems. The following scheme is adopted.

Time series Analysis to study chaos in sunspot

activity

Evaluation of standard Correlation Function

The sunspot values are embedded in a n-dimensional

phase space so that a point in the space is given by

The correlation function is given by

N is the no. of points on the attractor of long time

series, n is dimension of the attractor and H is the

heaviside function IIX(i)-X(j)II is the Euclidean

distance between points in n-dim.

Fig. 6.9 : The front panel of a program developed in LabVIEW
for studying chaos in sunspot numbers. The graph
represents a typical chaotic system with a strange
attractor

Surface Ozone calibration facility

Mass flow calibrator (Model: 700) of Advanced

Pollution Instruments, USA has been installed and

made operational since January, 2005. The M700

calibrator can generate diluted calibration gas

including ozone, gas phase titration from gas

cylinders, or from a permeation tube source gas. Each
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concentration is generated precisely by mixing the

gas with diluent zero air in which the mixing ratio

is controlled by the mass flow controller. Typically,

ozone is generated by the photolysis of purified air

using radiation at 185 nm. The purified zero air is

assumed to contain no significant impurities, have

less than 1000 ppbv total hydrocarbons, and contain

20-21% oxygen. Zero air adequate for this application

is obtainable with Zero Air Module (Model: 701) of

Advanced Pollution Instruments, USA, which

gives zero air with a maximum delivery pressure

of 35 psig. Using the above facility, Ozone

analyzers available with NPL have been calibrated

regularly.

On request from different institutes like J.C. Bose

Institute, Darjeeling, Delhi University, Delhi and

Indian Institute of Tropical Meteorology, Pune etc.,

we have calibrated their ozone analyzers with our

ozone calibrator.





vfrpkydrk rFkk fuEurkfidh

izHkkx dk Qksdl ¼dsUnz fcUnq½ izfrLFkk;h mPp rki vfrpkyd vkSj vU; lac) inkFkksZa dk ewy ǹf"Vdks.k jgk gSA iksyhfØLVsykbu uewuks

dh fofHkUu Jsf.k;ksa ds fo|qr] paqcdh;] FkeZy vkSj volajpukRed rduhdksa }kjk la'ysf"kr vkSj vfHkyk{kf.kd (Characterized) fd;k x;k

FkkA muesa ls dqN fuEu gS tSls %& 0, 2, 4 vkSj 6% lfgr Bulk MgB2 uewus ftlesa uSuks&Co3O4 dks tksM+k x;k gS] dks la'ysf"kr fd;k x;k Fkk

ftlls fd uSuks&Mksfiax }kjk foospukRed djaV l?kurk dh o`f) dk v/;;u fd;k tk lds A Mo (doped) Ruthenocuprates

Ru1-xMoxSr2Eu1.5Ce0.5Cu2O10-δ (for x = 0.0, 0.2, 0.4, 0.6, 0.8 vkSj 1.0) esa pqacdRo vkSj vfrpkydrk ds lg vfLrRo dh [kkst dh x;h

FkhA Mn-izfrLFkk;h REBa2 (Cu1-xMnx)3Oy (RE=Y,Gd); 0<x<2%) vkSj Y0.95 Pr0.05 Ba2 (Cu1-xMnx)3Oy (o < x < 2%) ds FkeZy O;ogkj

(Behaviour) dh rqyuk dh x;h FkhA Pr1-xBaxMnO3 vkSj  Sb-doped ¼lkekU;r% Mn Sites rd½ Pr2/3Ba1/3MnO3 iSjkosLdkbV eSXukbV~l

ds lw{e volajpukRed vkdkj lfgr fo|qr vkSj pqacdh; xq.k /keksZa ds lEcU/k dh [kkst dh x;h Fkh A



SUPERCONDUCTIVITY AND CRYOGENICS

The focus of the division has been on the basic aspects of substituted high temperature superconductors

and other related materials. Various series of polycrystalline samples were synthesized and characterized

by electrical, magnetic, thermal and structural techniques. Some of them are as follows. Bulk MgB
2
 samples

with 0, 2, 4 and 6% added nano-Co
3
O

4
 were synthesized to study enhancement of critical current densities

by nano-doping. Coexistence of magnetism and superconductivity in Mo doped ruthenocuprates Ru
1-

x
Mo

x
Sr

2
Eu

1.5 
Ce

0.5 
Cu

2 
O

10-δ (for x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) was investigated. Thermal behaviour of

Mn-substituted REBa
2
(Cu

1-x
Mn

x
)
3
O

y
 (RE=Y,Gd); 0<x<2%) and Y

0.95 
Pr

0.05 
Ba

2
(Cu

1-x
Mn

x
)
3
O

y
 (0 ≤ x ≤ 2%) was

compared. Relation of electrical and magnetic properties with micro-structural features of the Pr
1-x

Ba
x
MnO

3

and Sb-doped (nominally at Mn sites) Pr
2/3

Ba
1/3

MnO
3
 perovskite manganites were investigated.
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SUPERCONDUCTIVITY STUDIES

• “Fluxiod jumps coupled high critical current

density of nano-Co
3
O
4
 doped MgB

2
”

     Polycrystalline MgB
2
 samples with 0, 2, 4 and 6%

added nano-Co
3
O

4
 being synthesized by vacuum

(10-5 Torr) annealing at 750 0C for two and half

hours each are found to be nearly single phase

with presence of only a small quantity of Mg/

MgO in pristine sample and in addition the Co
2
O

3

in doped compounds. All the samples exhibited

clear and sharp diamagnetic transitions at

around 38 K, in Zero-field-cooled (ZFC) magnetic

susceptibility measurements with sizeable

signal. The Field cooled (FC) measurements

though having sharp transitions, but showed a

very small signal, indicating high level of pinning

centers in these samples. Further some of the

doped samples exhibited Paramagnetic-Meissner-

Effect (PME) in applied field of 5 Oe. The critical

current density (J
c
), being estimated by invoking

Bean’s model for the pristine compound increase

by nearly an order of magnitude for 2% and 4%

nano-Co
3
O

4
 doping and later the same decreases

sharply for 6% sample at nearly all studied

temperatures and applied fields. Further the

increased J
c
 (~ 108 A/cm2) is coupled with fluxoid

jumps (T = 20 K and H = 1 T). Fluxoid jumps

are not seen in relatively low J
c
 pristine or 6%

sample (Fig. 7.1). This means the fluxoid-jumps

are intrinsic only to the high J
c
 samples.

Fig.7.2  Transition temperature versus x plot for the
Ru1-xMoxSr2Eu1.5Ce0.5Cu2 O10 system

•                           Experimental study of magneto-superconductor

RuSr2Eu1.5Ce0.5Cu2O10-δ: Effect of Mo doping

on magnetic behaviour and Tc variation"

Mo doped ruthenocuprates Ru
1-x

Mo
x

Sr
2
Eu

1.5
Ce

0.5
Cu

2
O

10-δ are synthesized for

x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0, and their

magnetic and superconducting properties are

studied. It has been found that the magnetic

transition temperature T
ZFC

peak, which

corresponds to the appearance of weak

ferromagnetic effect, decreases from its value of

75 K for x = 0.0 to 22 K, 25 K and 18 K,

respectively for the x = 0.2, 0.4 and 0.6 samples.

Another finding is that the magnetic

susceptibility reduces at T
ZFC

peak by a factor of

about 6, 85 and 413 for x = 0.2, 0.4, and 0.6

respectively. The samples of x = 0.8 and 1.0 are

found to have no magnetic or superconducting

effects. The values of the superconducting

transition temperature are obtained from the

resistivity versus temperature data. An important

result is that Tc increases by 4.5 K and 7.0 K for

x = 0.2 and 0.4 respectively, and then decreases

by 17 K for x = 0.6.  The observed variation of

T
c
 with x has been explained in terms of a theory

which combines the effects of weakening

magnetic behavior and reducing carrier

concentration in a phenomenological manner

(Fig. 7.2). The resulting theory is found to provide

a good agreement with the observed value of T
c
.

Fig. 7.1 Jc versus H plots for various n-Co3O4 doped MgB2
samples.
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•          Impact of Zn substitution on phase formation and

superconductivity of Bi1.6Pb0.4 Sr2Ca2Cu3-xZnx

O10-δ with x = 0.0, 0.03, 0.06, 0.09 and 0.12"

Samples of series Bi
1.6

Pb
0.4

Sr
2
Ca

2
Cu

3-x
Zn

x
O

10-δ
with x = 0.0, 0.015, 0.03, 0.06, 0.09 and 0.12

are synthesized by solid-state reaction route. All

the samples crystallize in tetragonal structure

with majority (>90%) of Bi-2223 (Bi
2
Sr

2
Ca

2
Cu

3
O

10
)

phase (c-lattice parameter ~36 Å). The proportion

of Bi-2223 phase decreases slightly with an

increase in x. The lattice parameters a and c of

main phase (Bi-2223) do not change significantly

with increasing x. Superconducting critical

transition temperature (T
c
) decreases with x as

evidenced by both resistivity [ρ (T)]  and

AC magnetic susceptibility [χ(T), Fig.7.3]
measurements. Interestingly the decrement of

T
c
 is not monotonic and the same saturates at

around 96 K for x >0.06. In fact Tc decreases

fast (~10K/at%) for x = 0.015 and 0.03 samples

and later nearly saturates for higher x values.

Present results of Zn doping in Bi-2223 system

are compared with Zn doped other HTSC (High

temperature superconducting) systems, namely

the RE-123 (REBa
2
Cu

3
O

7
) and La-214.

• Electrical and Thermal Investigations on

RBa2(Cu1-xMn
x
)3O7-ä (R=Gd,Y)

Thermal behaviour (Specific heat,

thermoelectric power and thermal conductivity)

of superconducting samples GdBa
2
(Cu

1-x
Mn

x
)

3 
O

7-ä

(x ≤ 0.02) has been investigated. Experimental

data obtained are analyzed by using a narrow

band model for the thermoelectric power and a

phonon model for the thermal conductivity. It

has been found that while the specific heat shows

a jump at the superconducting transition

temperature T
c
 for x ≤ 0.0075 only, the thermal

conductivity supports the presence of a

superconducting energy gap at zero temperature

for all values of x. Comparison of the parameters

obtained from the analysis of the thermoelectric

power and resistivity indicates a crossover of the

role of Mn at x = 0.0075. Based on the

thermoelectric power and thermal conductivity

results of the GdBa
2
(Cu

1-x
Mn

x
)

3
O

7-ä
 and YBa

2
(Cu

1-

x
Mn

x
)

3
O

7-ä
 systems with  x = 0.0 and 0.005, it is

suggested that Gd+3 ions also affect the

considered thermal behavior.

Thermal conductivity (k) and thermoelectric

power (S) on the Mn-substituted YBa2(Cu1-xMnx)3Oy

(0<x<2%) using a DC pulse technique and specific

heat on Y0.95 Pr 0.05 Ba2(Cu1-xMnx)3Oy (0 ≤ x ≤ 2%) by

semi-adiabatic heat pulse technique were

investigated. Results indicate the normal state S(T)

shows a concave behaviour for pure and low dopant

concentrations; however, a convex behaviour is

observed for samples with Mn concentrations of 1%

and above. Significantly, replacing 1% Cu by Mn has

little effect on the transition temperature; however,

the change in S(T) is about a factor of  eight. Specific

heat jump of 3.8J/mol K, was observed only for pure

Y-123 sample. However, no jump was observed in

the doped samples. Detailed specific heat

measurements carried out on pure and Mn-doped

YBaCuO and GdBaCuO systems show that T
c
 remains

practically unchanged for YBaCuMnO with respect

to Mn substitution but in contrast, a noticeable

reduction in T
c
 is observed in the GdBaCuO case.

Prestine systems exhibit a clear jump in the specific

heat at T
c
. However, a small Mn substitution caused

a strong suppression in C
p
 jump, suggesting that

Mn is being incorporated into REBaCuO sytem

as a whole and not in the form of a local

cluster.

• Magneto-transport and morphological studies of

Pr1-xBaxMnO3 and Sb-doped Pr2/3Ba1/3MnO3

Perovskites

Electrical, magnetic and micro-structural features

Fig.7.3 Magnetic susceptibility versus T plots for Bi1.6Pb0.4
Sr2Ca2Cu3-xZnxO10 system.
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of the Pr1-xBaxMnO3 and Sb-doped (nominally at

Mn sites) Pr2/3Ba1/3MnO3 perovskite manganites

were also investigated. Pristine material shows

two insulator-metal (I-M) like transitions in the

resistivity-temperature behavior. While the higher

temperature transition (TP1) at ~195K is

reminiscent of the usual metal-insulator

transition, the lower temperature transition (TP2)

at ~160K has been ascribed to the grain

boundary (GB) effects arising out of the ionic size

mismatch between the ions present at the rare-

earth site (Pr and Ba). LFMR results (at 0.15T)

also substantiate the observed data. MR peaks

near TP1 and increases further at lower

temperatures, reflecting the grain boundary

contribution. Susceptibility measurements show

Curie transition (T
c
) to be close to TP1 of the ñ-T

data. Results are found to be consistent with

other systems like (NdBa)MnO3. Resistivity data

on Pr0.67Sr0.33MnO3 system, where the transition

at TP2 is not seen due to smaller ionic size

difference of (Pr+3- Sr+2) than (Pr+3- Ba+2), also

corroborate these results. The resistivity upturn

observed at low temperatures is considered in

terms of the ensuing localization of carriers due

to varying degree of ionic size mismatch in these

systems.

With Sb doping at the Mn-site, both the

resistivity peaks are seen to shift to lower

temperatures. Room temperature resistivity and the

peak values are also successively increasing with Sb

doping. Scanning micrographs of the samples

indicate a gradual increase in their grain sizes with

Sb which indicates a gradual decrease in the GB

density. The higher temperature insulator-metal

transition (TP1) shift is explained on the basis of a

competition between double-exchange and super-

exchange mechanisms. The observed overall

resistivity increase and the shift in the resistivity

hump (TP2) with Sb are found related to the gradually

decreasing GB density and the ensuing lattice strain

increase at the grain boundaries. The intrinsic MR

gets suppressed and extrinsic MR gets enhanced

with Sb doping. The observed low temperature

resistivity upturn related to the localization of

carriers, is also seen to increase with Sb.

Dielectric, Electrical and Microstructural Studies of

W-doped SrBi2Ta2O9 ferroelectric Ceramics

Crystal structure, surface morphology, dielectric

and electrical properties of tungsten doped

SrBi
2
(W

x
Ta

1-x
)
2
O

9
 (0.0 ≤ x ≤ 0.2) ferroelectric ceramics

were investigated. Dielectric measurements

performed as a function of temperature at 1 kHz,

10 kHz and 100 kHz show an increase in Curie

temperature (T
c
) over the composition range of

x=0.05 to 0.20. W6+ substitution in perovskite-like

units results in a sharp dielectric transition at the

ferroelectric Curie temperature with the dielectric

constant at their respective Curie temperature

increasing with tungsten doping. The dielectric loss

reduces significantly with tungsten addition. The

temperature dependence of ac and dc conductivity

vis-à-vis tungsten content shows a decrease in

conductivity that is attributed to the suppression of

oxygen vacancies. The activation energy calculated

from the Arrhenius plots is found to increase with

tungsten content.















Appendix - 1, Publications

Annual Repor t 2005-2006 85

Papers published in Journals

1. Agarwal S.K., Kumaraswamy B.V., “Low field AC

susceptibility study of intergranular critical current

density in Mg-substituted CuBa
2
Ca

3
Cu

4
O

12-δ high

temperature superconductors”,  Journal of Physics and

chemistry of solids 66(5), 729-734 (2005).  

2. Agnihotry S.A., Sharma R., Kar M., et al., “Towards

electrochromic stability in sol-gel-derived tungsten

oxide films: cyclic voltammetric and spectrophotometric

investigations”, Solar Energy Materials and Solar Cells

90 (1): 15-24 (2006).  

3. Agrawal A.K., “Certified reference materials of trace

elements in water”, Bulletin of Materials Science 28 (4):

373-378 (2005). 

4. Ansari I.A., Singh K.P., Shahabuddin M., et al.,

“Computational interfacing of resistivity of high

temperature superconductor using Visual Basic

program”, Indian Journal of Pure & Applied Physics 43

(6): 439-445 (2005).

5. Ansari M.A., Nigam R., Awana V.P.S., et al., “Revival of

superconductivity by Y3+/Ca2+ substitution in

YBa
2
Cu

2.7
Co

0.3
O

7
 without reported phase

transformation“, Journal of Applied Physics 97 (10): Art.

No. 10B104 Part 2, (2005).  

6. Arora K., Chaubey A., Singhal R., et al., “Application of

electrochemically prepared polypyrrole-polyvinyl

sulphonate films to DNA biosensor”, Biosensors and

Bioelectronics 21 (9): 1777-1783 (2006).  

7. Arora Manju and Gupta S.K., “Estimation of overall

uncertainty in spin concentration measurement of

paramagnetic centers in different materials by EPR

spectroscopy”, Mapan - Journal of Metrology Society

of India, 21, 17-21, (2006). 

8. Awana V.P.S., Ansari M.A., Nigam R., et al., “Systematic

induction of superconductivity in the Cu (Y
1-

x
Ca

x
)Ba

2
Cu

2
O

6+?
 (? approximate to 0.3) system by Ca

substitution”, Superconductor Science & Technology

18 (5): 716-720 (2005).  

9. Awana V.P.S., Kishan H., “Spontaneous vortex phase (SVP)

of ruthenocuprate high Tc magneto-superconductors”,

PRAMANA-Journal of Physics, 66 (1): 247-250 Sp. Issue

(2006).

10. Awana V.P.S., Kishan H., Kawashima T., Muromavhi E.

Takayama and Cardoso C.A., “High pressure high

temperature synthesis and magnetization of magneto-

superconducting, RuSr
2
(LnCe

(2)
)Cu

2
O

12.25
 (Ru-1232)

compounds with Ln=Y and Dy”, Journal of Applied

Physics 97 (10): Art. No. 10B111 Part 2 (2005).

11. Awana V.P.S., Lal R., Kishan H., Narlikar A.V., Peurla M.

and Laiho R., “Experimental study of the magneto-

superconductor RuSr
2
Eu

1.5
Ce

0.5
Cu

2
O

10-δ: Effect of Mo

doping on magnetic behavior and Tc variation”, Physical

Review B 73 (1): Art. No. 014517 (2006).  

12. Babu R.R., Balamurugan N., Vijayan N., Gopalakrishnan

R., Bhagavannarayana G. and Ramasamy P., “Studies on

acenaphthene (C
12

H
10

) single crystals grown by vertical

Bridgman technique”, J. Crystal Growth, 285, 649 – 660,

(2005).

13.  Babu Ramesh R., Vijayan N., Gopalakrishnan R. and

Ramasamy P., “Growth and Characterization of L-Iyline

monohydrichloride dihydrate (LiMHCL): a new non linear

optical crystal”, Crystal Research Technology, 41, 405-

419 (2006). 

14. Balakrishnan V.R., Kumar V., Ghosh S., “The origin of

low-frequency negative transconductance dispersion

in a pseudomorphic HEMT”, Semiconductor Science

and Technology 20 (8): 783-787 (2005).  

15. Balamurugan B., Kruis F.E., Shivaprasad S.M., et al., “Size-

induced stability and structural transition in

monodispersed indium nanoparticles”, Applied Physics

Letters 86 (8): Art. No. 083102 (2005). 

16. Banerjee P.K., Sengupta A., “A clutter canceller for

remote victim locator”, IETE Technical Review 22 (2):

109-116 (2005).

17. Bhagavannarayana G., Ananthamurthy R.V., Budakoti

G.C., et al., “A study of the effect of annealing on Fe-

doped LiNbO
3
 by HRXRD, XRT and FT-IR”, Journal of

Applied Crystallography 38: 768-771 Part 5 (2005). 

18. Bhagavannarayana G., Budakoti G.C., Maurya K.K., et

al., “Enhancement of crystalline, piezoelectric and optical

quality of LiNbO
3
 single crystals by post-growth

annealing and poling”, Journal of Crystal Growth 282

(3-4): 394-401 (2005).  

19. Bhagavannarayana G., Choubey A., Shubin Y.V., et al.,

“Study of point defects in as-grown and annealed

bismuth germanate single crystals”, Journal of Applied

Crystallography 38: 448-454 Part 3 (2005). 

20. Bhagavannarayana G., Sharma Shailesh N., Sharma R.K.

APPENDIX - 1

PUBLICATIONS



Appendix - 1, Publications

okf"kZd izfrosnu 2005&200686

and Lakshmikumar S.T., “A Comparison of the Properties

of Porous Silicon Formed On Polished and Textured

(100) Si: High Resolution XRD and PL Studies”,  Materials

Chemistry and Physics, 97 (2-3), 442 (2006).

21. Bhattacharya S, Sharma C, Dhiman RC, et al., “Climate

change and malaria in India”, Current Science 90 (3):

369-375 (2006).

22. Budovsky Ilya, Rustagi V.K., Govil A.K., M. Klonz, Hitoshi

Sasaki, Hiroyuki Fujiki, Sung-Won Kwon et. al., “APMP

International Comparison of AC-DC Transfer Standards

at the Lowest Attainable Level of Uncertainty”, IEEE

Trans. on Inst. & Meas., Vol. IM-54, No. 2, pp795-798,

(2005).

23. Cardoso C.A., Lanfredi A.J.C., Chiquito A.J., Araujo-

Moreira F., Awana V.P.S., Kishan H. and De Lima O.F.,

“Magnetic and superconducting properties of

RuSr
2
Gd

1.5
Ce

0.5
Cu

2
O

10-δ samples: Dependence on the

oxygen content and aging effects”, Physical Review B

71 (13): Art. No. 134509 (2005).  

24. Chakraborty B.R., Halder S.K., Karar N., et al., “Formation

of cobalt silicides as a buried layer in silicon using high

energy heavy ion irradiation”, Journal of Physics

D-Applied Physics 38 (16): 2836-2840 (2005).

25. Chakraborty B.R., Haranath D., Chander H., et al., “TOF-

SIMS and laser-SNMS investigations of dopant

distribution in nanophosphors”, Nanotechnology 16 (8):

1006-1015 (2005). 

26. Chakraborty B.R., Kabiraj D., Diva K., et al., “Mixing

behavior of buried transition metal layer in silicon due

to swift heavy ion irradiation”, Nuclear Instruments &

Methods in Physics Research Section B-Beam

Interactions with Materials and Atoms 244 (1): 209-212

(2006).  

27. Chand S., Sharma G.D., Dwivedi S., et al., “Charge storage

mechanism in vacuum deposited PVF films”, Journal of

Materials Science 40 (17): 4597-4604 (2005).

28. Chander H., “Development of nanophosphors - A

review”, Materials Science & Engineering  Reports 49

(5): 113-155 (2005).  

29. Dabas R.S., Das R.M., Vohra V.K., et al. , “Space weather

impact on the equatorial and low latitude F-region

ionosphere over India”, Annales Geophysicae 24 (1):

97-105 (2006).

30. Dayal P.B., Mehta B.R., Shivaprasad S.M., “Synthesis of

cuhic and hexagonal CdTe nanoparticles dispersed in

SiO2 films: Role of oxygen during sintering “, Japanese

Journal of Applied Physics Part 1-Regular Papers Brief

Communications & Review Papers 44 (11): 8222-8226

(2005).  

31. Deepa M., Joshi A.G., Srivastava A.K., et al.,

“Electrochromic nanostructured tungsten oxide films

by sol-gel: Structure and intercalation properties”,

Journal of the Electrochemical Society 153 (5): C365-

C376 (2006).

32. Deepa M., Saxena T.K., Singh D.P., et al., “Spin coated

versus dip coated electrochromic tungsten oxide films:

Structure, morphology, optical and electrochemical

properties”, Electrochimica Acta 51 (10): 1974-1989

(2006). 

33. Deepa M., Sharma R., Basu A., et al., “Effect of oxalic acid

dihydrate on optical and electrochemical properties of

sol-gel derived amorphous electrochromic WO
3
 films”,

Electrochimica Acta 50 (16-17): 3545-3555 (2005).         

34. Deepa M., Srivastava A.K., Saxena T.K., et al., “Annealing

induced microstructural evolution of electrodeposited

electrochromic tungsten oxide films”, Applied Surface

Science 252 (5): 1568-1580 (2005).  

35. Dhakate S.R., Aoki T., and Ogasawara T., “Effect of HTT

on Bending and Tensile properties of 2D C/C

Composites”, Carbon Science 6,  234-242, (2005).

36. Dilawar N., Varandani D., Pandey V.P., Kumar Mahesh,

Shivaprasad S.M. and Bandyopadhyay A.K., “Structural

transition in nanostructured Eu
2
O

3
 under high

pressures”, Journal of Nanoscience and Nanotechnology

6 (1): 105-113 (2006).

37. Dwivedi H., Mathur R.B., Dhami T.L., Bahl O.P., Monthioux

M, Sharma S.P., “Evidence for the benefit of adding a

carbon interphase in an all carbon composite”, CARBON,

(4) 699-709, (2006).

38. Fjellvag H., Morita Y., Nagai T., Lee J.M., Chen J.M., Liu

R.S., Hauback B.C., Awana V.P.S., Matsui Y., Yamauchi I.,

Karppinen M., “Hole doping into Co-12s2 copper oxides

with s fluorite-structured layers between CuO
2
 planes”,

Journal of Solid State Chemistry 179 (3): 632-645 (2006).

39. Gahlot P.S., Agarwal A., Seth V.P., et al., “Study of EPR,

optical properties and electrical conductivity of vanadyl

doped Bi2O3 center dot PbO center dot B2O3 glasses”,

Spectrochimica Acta Part A - Molecular and Biomolecular

Spectroscopy 61 (6): 1189-1194 (2005).  

40. Gahlot P.S., Seth V.P., Agarwal A., et al., “Electron

paramagnetic resonance, optical and electrical

properties of vanadyl doped alkali germanoborate

glasses”, Journal of Physics and Chemistry of Solids 66

(5): 766-772 (2005).

41. Garg Naveen, Mohanan V. and Sharma Omkar,

“Modelling sound transmission loss through panels

using space harmonic expansion method”, J. Acoust.

Soc. of India, 33, 429-433 (2005). 



Appendix - 1, Publications

Annual Repor t 2005-2006 87

42. Ghude Sachin D., Jain S. L., Arya B. C. & Bajaj M.M,

“Comparison of total column water vapour measured

at New Delhi, Leh, Hanle and Maitri (Antarctica)”, Ind. J.

Radio & Space Physics, 34, 264-268 (2005).

43. Ghude S.D., Kumar A., Jain S.L., Arya B. C. and Bajaj

M.M., “Comparative study of the total ozone column

over Maitri, Antarctica during 1997, 2002 and 2003”,

International Journal of Remote Sensing 26 (16): 3413-

3421 (2005).

44. Godet C., Adamopoulos G., Kumar Sushil, Katsuno T.,

“Optical and electronic properties of plasma-deposited

hydrogenated amorphous carbon nitride and carbon

oxide films”, Thin Solid Films 482 (2005).

45. Goyal P., Anand S., Gera B.S., “Assimilative capacity and

pollutant dispersion studies for Gangtok city”,

Atmospheric Environment 40 (9): 1671-1682 (2006).

46. Gupta A., Mehrotra R., Klimov E., et al., “Thermal stability

of dehydro-phenylalanine containing model peptides

as probed by infrared spectroscopy: a case study of an

alpha-helical and a 3(10)-helical peptide”, Chemistry &

Biodiversity 3 (3): 284-295 (2006).

47. Gupta A., Samanta S.B., Awana V.P.S., Kishan H., Awasthi

A.M., Bhardwaj S., Narlikar A.V. and Garcia-Munoz J.L.,

“Direct evidence for charge ordering and electronic

phase separation in BixSr1-xMnO3 at room temperature”,

Physica B - Condensed Matter 370 (1-4): 172-177

(2005). 

48. Gupta A. Sen and Hanjura A.K., “Refining the

Geostationary Satellite Orbit Determination using Multi-

station INSAT STFS observation”, Mapan – J. of Metrology

Society of India, Vol. 20, No. 4, P 283-289, (2005).

49. Gupta N., Gupta R., Chandra S., et al., “Magnetic,

electronic and electrochemical studies of mono and

binuclear Cu(II) complexes using novel macrocyclic

ligands”, Spectrochimica Acta Part A-Molecular and

Biomolecular Spectroscopy 61 (6): 1175-1180 (2005).

50. Gupta A.K, “Current Status of Forging Industries in India

with special Reference to Development of Cold/Warm

Forged Components at NPL”, Journal of Chinese Society

of Mechanical Engineers, 26, 363-369, (2005).

51. Haranath D., Chander H., Bhalla N., et al., “Surface

distribution studies and improved  photoluminescence

characteristics of silica coated ZnS : Mn nanophosphor

layers”, Applied Physics Letters 86 (20): Art. No 01904

(2005).   

52. Jain A.R., Das  Siddarth Shankar, Mandal Tuhin Kumar &

Mitra A.P., “Observations of extremely low cold point

temperature (CPT)  over Indian tropical region during

summer monsoon months: possible implications for

stratospheric water vapor”, J. Geo. Res. (Atmosphere),

111, doi:10.1029/2005 JD 005850 (2006).

53. Jain K., Pant R.P., Lakshmikumar S.T., “Effect of Ni doping

on thick film SnO2 gas sensor”, Sensors and Actuators

B-Chemical 113 (2): 823-829 (2006).  

54. Jain K. K., Jain S.K., Dhawan J.K. and Kumar Anil,

“Realization of force up to 50 kN through dead weight

force machine at NPL (I)”, Mapan- J. of Met. Soc. of India,

20(3) 249-287 (2005).

55. Jain Kiran, Rashmi and Lakshmi Kumar S.T., “Preparation

of Nanocrystalline Tin Oxide Powder for Gas Sensor

Applications”, J. Surf. Sci. and Tech., 21, 129-138, (2005).

56. Jain Kiran, Rashmi, Sood K.N., Lakshmikumar S.T.,

“Preparation of Ni nanowires in porous alumina

templates using unipolar pulse electrodeposition

technique”, J. Surf. Sci. and Tech. 21, (2005).  

57. Jain S.L., Arya B.C., Kumar A., Ghude Sachin D., Kulkarni

P.S., “Observational study of surface ozone at New Delhi,

India”, International Journal of Remote Sensing 26 (16):

3515-3524 (2005).  

58. Jain S.L., Ghude S.D., Arya B.C., Kumar A. and Bajaj M.M.,

“Signature of increasing total column water vapour and

surface temperature at Maitri, Antarctica”, Current

Science 89 (11): 1917-1922 (2005).

59. Jain S.L., Ghude S.D., Kumar A., Arya B.C., Kulkarni P.S.

and Bajaj M.M., “Continuous observations of surface air

concentration of carbon dioxide and methane at Maitri,

Antarctica”, Current Science 88 (12): 1941-1948 (2005).

60. Jaiswal S.K., Ojha V.N. and Singh A., “Estimation of

uncertainty in measurement in precision calibration of

DC high current source up to 100 A”, Journal of Scientific

& Industrial Research 64 (9): 666-673 (2005).

61. John T., Garg S.C., Maini H.K., Chaunal D.S. and Yadav

V.S., “Design of a simple low cost tethersonde data

acquisition system for meteorological measurements”,

Review of Scientific Instruments 76 (8): Art. No 84501

(2005).  

62. Kandpal H.C., Mehrotra R. and Raman S.,

“Determination of surface flatness by spectral

interferometric method”, Optics and Lasers in

Engineering 43 (12): 1315-1321 (2005).     

63. Kar M. and Verma B.S., “Improvements in the

determination of extinction coefficients of a thin film

using an envelope method”, Journal of Optics A - Pure

and Applied Optics 7 (10): 599-603 (2005).  

64. Karar N. and Chander H., “Nanocrystal formation and

luminescence properties of ZnS based doped

nanophosphors”,  Journal of Nanoscience and

Nanotechnology 5 (9): 1498-1502 (2005).   

65. Karar N. and Chander H., “Luminescence properties of

cerium doped nanocrystalline yttrium silicate”, Journal



Appendix - 1, Publications

okf"kZd izfrosnu 2005&200688

of Physics D - Applied Physics 38 (19): 3580-3583

(2005). 

66. Kaur S., Thakur A.K., Bawa S.S., Biradar A.M. and

Annapoorni S., “Thickness-independent memory effect

in ferroelectric liquid crystals”, Applied Physics Letters

88 (12): Art. No. 122905 (2006).  

67. Kaur S., Thakur A.K., Choudhary A., Bawa S.S., Biradar

A.M. and Annapoorni S., “Is Curie-Weiss law valid in every

ferro-to-para transition?”, Applied Physics Letters 87

(10): Art. No. 102507 (2005). 

68. Kedar A. and Kataria N.D., “Efficient analysis for

nonlinear microwave characteristics of high-power HTS

thin film microstrip resonators”, Superconductor

Science & Technology 18 (8): 1129-1134 (2005).  

69. Khare N., Gupta A.K. and Bhalla G.L., “Preparation and

low field magnetore si stance of double layered

manganite La
1.4

Ca
1.6

Mn
2
O

7”
, Journal of Physics and

Chemistry of Solids 66 (6): 949-953 (2005).  

70. Khare N., Singh D.P., Gupta A.K., et al., “Direct evidence

of weak-link grain boundaries in a polycrystalline MgB
2

superconductor”, Journal of Applied Physics 97 (7): Art.

No 76103 (2005).    

71. Kishan H., Awana V.P.S., Ansari M.A., Gupta Anurag,

Saxena R.B., Narmala R., Buddhikot D., Malik S.K., Ganesan

V., Narlikar A.V. and Cardoso C.A., ”Resistivity and

thermoelectric power of Na
x
CoO

2
 (x=1.0, 0.7, and 0.6)

system”, Journal of Applied Physics 97 (10): Art. No.

10A904 Part 2 (2005).  

72. Kishore R., Hotz K., Naseem H.A. and Brown W.D.,

“Transmission electron microscopy and X-ray

diffraction analysis of aluminum-induced crystallization

of amorphous silicon in alpha-Si : H/Al and Al/alpha-Si :

H structures”, Microscopy and Microanalysis 11 (2):

133-137 (2005).  

73. Kobata Tokihiko, Bandyopadhyay A.K., Moore Ken,

Eltawil Alaaeldin A.E., Woo Sam-Yong, Chan T. K., Jian

Wu, Man John, Con Nguyen Ngoc, Chen Soo Fatt, Wenda

Permana, Aldammad Mohamad, Wladimir Sabuga, Tawat

Changpan, Chen-Chuan Hung and Zhang Pengcheng,

“Final report on key comparison APMP.M.P-K7 in

hydraulic gauge pressure from 10 MPa to 100 MPa”,

Metrologia Technical Supplement 42, 07006 (2005).

74. Kumar Ashok, Gupta Nidhi, Gupta Reeta and Kumar

Yudhisther, “Effect of coupling conditions on ultrasonic

echo parameters”, J. Pure & Appl. Ultrasonics, 27, 70-

79 (2005).

75. Kumar J., Singh R.K., Chand S., Kumar V., Rastogi R.C.

and Singh R., “DC electrical conduction and morphology

of poly (3-octylthiophene) films”, Journal of Physics

D-Applied Physics 39 (1): 196-202 (2006).

76. Kumar J., Singh Rajiv K., Siwak P.K., Singh H.K., Singh

Ramadhar and Srivastava O.N., “Low field magneto-

transport in LBSMO-PMMA composite”, J. Magnetism &

magnetic materials, 299, 155-160, (2006).    

77. Kumar K.K., Jain A.R., “L band wind profiler observations

of convective boundary layer over Gadanki, India (13.5

degrees N, 79.2 degrees E)”, Radio Science 41 (2): Art.

No. RS2004 (2006).  

78. Kumar K.K., Jain A.R., Rao D.N., “VHF/UHF radar

observations of tropical mesoscale convective systems

over southern India”, Annales Geophysicae 23 (5): 1673-

1683 (2005).

79. Kumar K.K., Joseph J., Jain A.R., et al., “VHF radar

observations of weak echo regions in tropical mesoscale

convective systems”, Geophysical Research Letters 32

(10): Art. No. L10804 (2005).  

80. Kumar L., Singh B.P., Misra A., et al., “Characterization

of CdSexTe1-x sintered films for photovoltaic

applications”, Physica B-Condensed Matter 363 (1-4):

102-109 (2005).

81. Kumar M., Paliwal V.K., Joshi A.G., Govind and

Shivaprasad S.M., “Formation of Sb submonolayer

phases on high index Si (5 5 12) surfaces”, Surface

Science 596 (1-3): 206-211 (2005).

82. Kumar Mahesh, Govind and Shivaprasad S.M.,

“Formation of antimony nanowires on high index silicon

(5 5 12) surfaces”, Samiksha, 26(1), (2005).

83. Kumar V., Pal R., Chaudhury P.K., et al. , “A CdTe

passivation process for long wavelength infrared

HgCdTe photo-detectors”, Journal Of Electronic

Materials 34 (9): 1225-1229 (2005).  

84. Lahiri Debdutta, Sharma Shailesh N., Zeena S. and

Bunker Bruce A., “Evidence for the chemical nature of

capping in CdSe nanoparticles”, J. Surface Sci. Tech. 21

(1-2), 11 (2005).

85. Lal R., Awana V.P.S., Peurla M., et al., “Magnetism, upper

critical field and thermoelectric power of the

magnetosuperconductor RuSr
2
Eu

1.5
Ce

0.5
Cu

2
O

10-δ “ ,

Journal of Physics-Condensed Matter 18 (8): 2563-2571

(2006).   

86. Malhotra B.D., Singhal R., Chaubey A., Sehgal N., Sharma

S.K. and Kumar A., “Recent trends in Bio-sensors”,

Current Applied Physics, 5, 92-97, (2005).

87. Mishra A., Saha M., Bhatia G., et al., “A comparative study

on the development of pitch precursor for general-

purpose carbon fibres”, Journal of Materials Processing

Technology 168 (2): 316-320 (2005).  



Appendix - 1, Publications

Annual Repor t 2005-2006 89

88. Misra A., Kumar P., Dhawan S.K., et al., “Bright-blue

organic electroluminescent device based on bis (2-

methyl 8-quinolinolato) (triphenyl siloxy) aluminium”,

Indian Journal of Pure & Applied Physics 43 (7): 522-

526 (2005).

89. Misra A., Kumar P., Kumar L., et al., “Blue-green emission

from organic light emitting diodes based on aluminum

complex”, Indian Journal of Engineering and Materials

Sciences 12 (4): 321-324 (2005).

90. Misra A., Kumar P., Srivastava R., et al., “Electrochemical

and optical studies of conjugated polymers for three

primary colours”, Indian Journal of Pure & Applied

Physics 43 (12): 921-925 (2005).

91. Mohanan V., Sharma Omkar, Singh Mahavir & Garg

Naveen, “Acoustical defects in lecture halls and

auditoria”, J. Acoust. Soc. of India, 33, 11-14 (2005).

92. Mukherjee I., Mitra A.P., Sharma C., Mandal T.K., Gupta

P.K., Ajay Singh and Chakraborty N., “Measurements of

particulates at a trans-boundary location, Kaikhali in

Sunderban, Indian”’ J. Air Pollution Control, 5, 18-23,

(2005).

93. Nagarajan R., Mehrotra R. and Bajaj M.M., “Quantitative

Analysis of Methanol, an Adulterant, in Alcoholic

Beverages using Attenuated Total Reflectance

Spectroscopy”,  J. Sc. & Ind. Res., 65, 416-419 (2006).

94. Nirmali Gogoi, Baruah K.K., Boby Gogoi and Gupta P.K.,

“Methane emission characteristics and its relations with

plant and soil parameters under irrigated rice ecosystem

of northeast India”, Chemosphere, 59, 1677-1684,

(2005).

95. Padam G.K., Ekbote S.N., Arora N.K., et al. , “Comparative

study of effect of initial sintering in rod/tube shape on

J(c) and fracture strength of Bi-2223: 10 wt % Ag bulk

rod conductors”, Japanese Journal of Applied Physics

Part 1-Regular Papers Brief Communications & Review

Papers 44 (11): 7943-7949 (2005).

96. Padam G.K., Ekbote S.N., Sharma M., et al., “Effect of

electromagnetic interactions on the undulatory

temperature dependent behaviour of non-resonant

microwave absorption signal amplitude in

Bi
2
Sr

2
CaCu

2
O

8+x
 “, Japanese Journal of Applied Physics

Part 1-Regular Papers Brief Communications & Review

Papers 45 (1a): 84-87 (2006).  

97. Pal Chowdhury M., Roy R.., Chakraborty B.R. and Pal

A.K., “Beryllium doped polycrystalline GaN films: Optical

and grain boundary properties”, Thin Solid Films, 491,

29-37, (2005).

98. Pal S., Shivaprasad S.M., Aparna Y., et al., “Phosphorous

passivation of In0.53Ga0.47As using MOVPE and

characterization of Au-Ga
2
O

3
 (Gd

2
O

3
)-In

0.53
Ga

0.47 
As MIS

Capacitor”, Applied Surface Science 245 (1-4): 196-201

(2005).  

99. Paliwal V.K., Kumar M. and Shivaprasad S.M., “Sb

adsorption and desorption pathways on (2X1) and c

(4X4) reconstructed Si (001) surfaces”, Surface Science

585 (1-2): 53-58 (2005).

100. Parashar D.C., Gadi R., Mandal T.K., et al. , “Carbonaceous

aerosol emissions from India”, Atmospheric

Environment 39 (40): 7861-7871 (2005).  

101. Pathak P.K., Ajay and Joshi S.K., “Spectral properties of

doped bilayer high Tc cuprates: Role of intra-bilayer

coupling”, Physica C-Superconductivity and Its

Applications 423 (3-4): 127-136 (2005).  

102. Prasad M.V.S.N., Gupta M.M. and Sarkar S.K., et al.,

“Antenna beam tilting effects in fixed and mobile

communication links”, Current Science 88 (7): 1142-

1147 (2005).

103. Prasad M.V.S.N., Singh R., Sarkar S.K., et al., “Some

experimental and modeling results of widely varying

urban environments on train mobile radio

communication”, Wireless Communications & Mobile

Computing 6 (1): 105-112 (2006).  

104. Rai R., Sharma S. and Choudhary R.N.P., “Dielectric and

piezoelectric studies of Fe doped PLZT ceramics”,

Materials Letters 59 (29-30): 3921-3925 (2005).   

105. Rajput S.S. and Jamuar S.S., “Low voltage high

performance CCII for analog signal processing

applications”, Microelectronics International 23 (1): 10-

15 (2006).   

106. Raman V., Bhatia G., Mishra A., Sengupta P.R., Saha M.

and Rashmi, “Development of carbon-ceramic

composites Materials Science And Engineering A-

Structural Materials”, Properties Microstructure and

Processing 412 (1-2): 31-36 Sp. Issue (2005). 

107. Rao Ashok, Radheyshyam, Das Anirban, Gahlori Bhaskar,

Agarwal S.K., Lin Y.F., Kuo Y.K. and Shivkumar, “Effect of

Mn doping on the specific heat of the high T
c

superconductor REBa
2
Cu

3
O

y
 )RE = Y, Gd)”, J. Phys. Cond.,

Matter 18, 2955-2962 (2006).

108. Roy Somnath Chandra, Bhatnagar Mukesh C., Sharma

G.L., Karar N., Chandra H., “Photoluminescence study

of the sol-gel derived (Ba
0.5

Sr
0.5

) TiO
3
 thin films for the

characterization of trap states” Japanese Journal of

Applied Physics, 44 (2005).

109. Roy S.C., Sharma G.L., Bhatnagar M.C., et al, “Novel

ammonia-sensing phenomena in sol-gel derived

Ba0.5Sr0.5TiO3 thin films”, Sensors and Actuators

B-Chemical 110 (2): 299-303 (2005).  

110. Sabuga W., Bergoglio M., Rabault T., Waller B., Torres



Appendix - 1, Publications

okf"kZd izfrosnu 2005&200690

J.C., Olson D.A., Agarwal A., Kobata T., Bandyopadhyay

A.K., “Final report on key comparison CCM.P-K7 in the

range 10 MPa to 100 MPa of hydraulic gauge pressure”,

Metrologia Technical Supplement 42, 07005 (2005).

111. Sahu B.S., Srivastava P., Agnihotri O.P. and Shivaprasad

S.M., “Effect of low temperature oxidation on dielectric

properties of mercury sensitized photo-deposited silicon

nitride films”, Journal of Non-Crystalline Solids 351 (8-

9): 771-776 (2005).

112. Sanjid M.A., Nasrin M., Chaudhary K.P. and Singhal R.P.,

“Ramification of uncertainty due to limited resolution

of universal measuring machine”, Indian Journal of Pure

& Applied Physics 43 (5): 319-328 (2005).

113. Sankaranarayanan V.K., Kim D.Y., Yoon S.M., Kim C.G.

and Kim C.O.,” Exchange bias studies of NiFe/FeMn/NiFe

trilayer by ion beam etching”, European Physical Journal

B 45 (2): 203-206 (2005).

114. Sarkar S.K., Ahmed Iqbal and Gupta M.M., “Statistical

morphology of cloud occurrences and cloud

attenuation over Hyderabad, India”, Ind. J. Radio &

Space Phys., 34, 119-124 (2005).    

115. Saxena R.B., Giri R., Awana V.P.S., Singh H.K., Ansari M.A.,

Kumaraswamy B.V., Gupta Anurag,. Singh K.P., Nigam

Rashmi,. Kishan H., and Srivastava O.N., “Impact of Zn

substitution on phase formation and superconductivity

of Bi
1.6

Pb
0.4

Sr
2
Ca

2
Cu

3-x
Zn

x
O

10-δ with x = 0.0, 0.015, 0.03,

0.06, 0.09 and 0.12”, Modern Physics Letters B 19 (16):

771-778 (2005). 

116. Schmidt J.W., Jain K.K, Miiller A.P. and Olson D., “Primary

pressure standards based on dimensionally

characterized piston/cylinder assemblies”, Metrologia

43 (1): 53-59 (2006).

117. Senguttuvan T.D., Samanta S.B., Sood KN, et al., “Phases

in copper-stabilized zirconia solid oxide fuel cells anode

material”, Materials Chemistry And Physics 95 (2-3): 197-

201 (2006).  

118. Sethi N.K. & Pandey V. K., “TEC derived from incoherent

scatter measurements during solar maximum and their

comparison with IRI-2001 model”, Ind.  J.  Radio & Space

Phys., 34, 184-190 (2005).

119. Sethuraman K., Ramesh Babu R., Vijayan N.,

Gopalakrishnan R. and Ramasamy P., “Synthesis Growth

of Organic nonlinear optical crystal: Semicarbazone of

2-Amino-5-Chloro-Benzophenone (S2A5CB) and its

Characterization”, Journal of Crystal Growth, 290, 539-

543, (2006).

120. Sharma D.K., Israel M., Chand R., Rai Jgdish,

Subramanyam P. and Garg S.C. “Signature of seismic

activities in the F2 region ionospheric electron

temperature”, Journal of Atmospheric and Solar-

Terrestrial Physics 68 (6): 691-696 (2006). 

121. Sharma H., Sharma S.N., Singh G. and Shivaprasad S.M.,

“Effect of ratios of Cd : Se in CdSe nanoparticles on

optical edge shifts and photoluminescence properties”,

Physica E-Low-Dimensional Systems & Nanostructures

31 (2): 180-186 (2006).

122. Sharma R., Lamba S. and Annapoorni S., “Magnetic

properties of polypyrrole-coated iron oxide

nanoparticles”, Journal of Physics D-Applied Physics 38

(18): 3354-3359 (2005).

123. Sharma R., Pratima C., Lamba S., et al., “Interaction

effects in magnetic oxide nanoparticle systems”,

Pramana-Journal of Physics 65 (4): 739-743 Sp. Issue

(2005).

124. Sharma R., Saxena T.K. and Agnihotry S.A., “Effect of

TiO2  addition on the durability of sol-gel derived WO
3

films”, Indian Journal of Physics and Proceedings of The

Indian Association For The Cultivation of Science 79 (7):

733-736 (2005).

125. Sharma R., Suri K., Tandon R.P., et al., “Magnetic

relaxation studies in organic-inorganic nanoclusters”,

Journal of Applied Physics 99 (2): Art. No 24311 (2006).

126. Sharma R.K., Rastogi A.C., Jain K. and Singh Gurmeet,

“Microstructural investigations on CdTe thin films

electrodeposited using high current pulses”, Physica B-

Condensed Matter 366 (1-4): 80-88 (2005).  

127. Sharma S., Mangotra L., Rajput S.S., et al., “Improved

FGMOS-based low-voltage voltage follower”, IETE

Journal of Research 51 (4): 321-325 (2005).

128. Sharma S., Rajput S.S., Mangotra L.K., et al., “FGMOS

current mirror: Behaviour and bandwidth

enhancement”, Analog Integrated Circuits And Signal

Processing 46 (3): 281-286 (2006).  

129. Sharma S.K. and Kalra N., “Effect of flyash on soil

properties and productivity of crops: A review”, J. Sci.

Ind. Res. 65, (2005).

130. Sharma S.K. and Ojha V.N., "Performance evaluation and

software validation of automatic bank of DC reference

standard", J. Scientific and Industrial Res.  64(7) : 487-

490 (2005).

131. Sharma Shailesh N., “Photoinduced Charge Transfer

Mechanism In PPV Polymer: Role of Iodine

Concentration”, Journal of Colloid and Polymer Science,

284 (8), 853 (2006).

132. Sharma Shailesh N., Sharma R.K., Bhagavannarayana

G., Samanta S.B, Sood K.N.and Lakshmikumar S.T.,

“Demonstration of the formation of porous silicon films



Appendix - 1, Publications

Annual Repor t 2005-2006 91

with superior mechanical properties, morphology and

stability” ,Materials Letters 60, 1166-1169, (2006).

133. Sharma S.N., Bhagavannarayana G., Sharma R.K., et al.,

“Role of surface texturization in the formation of highly

luminescent, stable and thick porous silicon films”,

Materials Science and Engineering B - Solid State

Materials for Advanced Technology 127 (2-3): 255-260

(2006).  

134. Sharma S.N., Sharma H., Singh G. and Shivaprasad S.M.,

“Low energy ion induced effects on TOPO capped CdSe

nanocrystals probed by XPS depth profiling and optical

measurements”, Nuclear Instruments & Methods in

Physics Research Section B-Beam Interactions With

Materials and Atoms 244 (1): 86-90 (2006). 

135. Sharma S.N., Sharma R.K. and Lakshmikumar S.T., “Role

of an electrolyte and substrate on the stability of porous

silicon”, Physica E-Low-Dimensional Systems &

Nanostructures 28 (3): 264-272 (2005).

136. Sharma S.N., Sharma R.K., Sood K.N., et al., “Structural

and morphological studies of chemical bath-deposited

nanocrystalline CdS films and its alloys”, Materials

Chemistry and Physics 93 (2-3): 368-375 (2005).  

137. Shivaprasad S.M., Kumar Mahesh, Joshi Amish G and

Paliwal V K, “Formation of antimony 1D-nanostructure

on Si ( 5 5 12) surface”, Materials Research Society

Symposium Proceedings, USA, 862, A8.8 (2005).

138. Sian T.S., Reddy G.B. and Shivaprasad S.M. , “Effect of

reduced states of Mo on optical absorption in

amorphous/polycrystalline MoO3 thin films”,

Electrochemical and Solid State Letters 8 (2): A96-A99

(2005).

139. Sian T.S., Reddy G.B., Shivaprasad S.M., “Effect of

microstructure and stoichiometry on absorption in Mg

intercalated MoO3 thin films”, Electrochemical and Solid

State Letters 9 (3): A120-A122 (2006).  

140. Singh A.K., Manohar R., Shukla J.P., et al., “Dielectric

relaxation and anisotropy of nematic mixture E-24”,

Journal of Physics and Chemistry of Solids 66 (7): 1183-

1186 (2005). 

141. Singh H.K., Gupta A.K., Siwach P.K., et al., “Effect of Ba

doping on structure and magneto-transport properties

of layered manganite La
1.4

Ca
1.6-x

Ba
x
Mn

2
O

7
”, Journal of

Magnetism and Magnetic Materials 292: 483-489 (2005).

142. Singh Mahavir, Sharma Omkar & Mohanan V., “A

modified honey comb panel to improve sound

transmission loss”, J. Acoust. Soc. of India, 33-434-437

(2005).

143. Singh N., Gupta P.K., Srivastava S.K., Shukla A.K., Vankar

V., et al., “Growth, structure and field emission

characteristics of petal like carbon nano-structured thin

films”, Thin Solid Films 492 (1-2): 124-130 (2005).  

144. Singh P., Das S.S. and Agnihotry S.A., “Structure-property

correlation in (50-x) Na
2
O – (50) P

2
O

5-x
CoCl

2
 glassy

systems”, Journal of Non-Crystalline Solids 351 (49-51):

3730-3737 (2005).

145. Singh Ramadhar., Kumar J., Singh R.K., Kaur Amarjeet,

Sood K.N. and Ratogi R.C., “Effect of thermal annealing

on surface morphology and physical properties of

poly(3-octylthiophene) films”, Polymer 46 (21): 9126-

9132 (2005).  

146. Singh Ramadhar, Sinha R.D.P., Kaur Amarjeet and Kumar

J., “AC conductivity and dielectric relaxation behavior

of solution grown poly (vinylidene fluoride) films”,

Ferroelectrics 329: 995-1003 (2005).  

147. Singh S., Nath S., Kohli R., Singh Risal , “Aerosols over

Delhi during pre-monsoon months: Characteristics and

effects on surface radiation forcing”, Geophysical

Research Letters 32 (13): Art. No. L13808 (2005).  

148. Singh S.N., Gandotra R., Singh P.K. and Chakravarty B.C.,”

Application of photoconductivity decay and

photocurrent generation methods for determination

of minority carrier lifetime in silicon” , Bulletin Of

Materials Science 28 (4): 317-323 (2005).

149. Singhal R. and Malhotra B.D., “Angmuir-Blodgett films

of poly-N-vinylcarbazolefor application to glucose

biosensor”, Asian Journal of Physics, 14, 51-159, (2005).

150. Singhal S.K. and Singh B.P.,” Sintering of cubic boron

nitride under high pressures and temperatures in the

presence of boron carbide as the binding material”,

Indian Journal of Engineering And Materials Sciences

12 (4): 325-330 (2005).

151. Singhal S.K., Von der Gonna J, Nover G., Meurer H.J. and

Singh B.P., “Synthesis of cubic boron nitride at reduced

pressures in the presence of Co[(NH
3
)
6
]Cl

3
 and NH

4
F”,

Diamond and Related Materials 14 (8): 1389-1394

(2005).

152. Siwach P.K., Goutam U.K., Srivastava P., et al., “Colossal

magnetoresistance study in nanophasic La
(0.7)

Ca
(0.3)

MnO
(3)

manganite”, Journal of Physics D-Applied Physics 39 (1):

14-20 (2006).   

153. Soni Daya, Gupta P.K., Kumar Y.  Chandrashekhar T.G.,

“Antibacterial activity of some unsymmetrical

diorganyltellurium(IV) dichlorides”, Indian Journal of

Biochemistry & Biophysics 42 (6): 398-400 (2005).

154. Srivastava A.K., Sood K.N., Kishore R. and Naseem

H.A.,”Interfacial diffusion effect on metal induced

crystallization of an amorphous silicon – a

microstructural pathway”, Electrochemical and



Appendix - 1, Publications

okf"kZd izfrosnu 2005&200692

Solid State Letters (USA), 9, G219-G221 (2006).

155. Subrahmanyam P., Jain A.R., Singh L. and Garg S.C., “Role

of neutral wind and storm time electric fields inferred

from the storm time ionization distribution at low

latitudes: in-situ measurements by Indian satellite Sross-

C2”, Annales Geophysicae 23 (10): 3289-3299 (2005).

156. Suman S., Singhal R., Sharma A.L., Malhotra B.D., Pundir

C.S., “Development of a lactate biosensor based on

conducting copolymer bound lactate oxidase” , Sensors

and Actuators B-Chemical 107 (2): 768-772 (2005). 

157. Tarsame S.S., Reddy and Shivaprasad S.M., “Effect of

Reduced States of Mo on Optical Absorption in

Amorphous/ Polycrystalline MoO3 Thin Films”,

Electrochemical and Solid-State Letters, 8 (2005).

158. Thakur A.K., Bawa S.S., Biradar A.M., Kaur S and

Annapoorni S., “Memory effect in smectic-A phase of

ferroelectric liquid crystal”, Journal of Applied Physics

97 (8): Art. No 84106 (2005).  

159. Thakur A.K., Biradar A.M., Singh S.P., et al., “Detection

of continuous SmC*-Sm a phase transition in

electroclinic liquid crystals by dielectric method”,

Japanese Journal of Applied Physics Part 1-Regular

Papers Short Notes & Review Papers 44 (3): 1348-1351

(2005).

160. Thakur A.K., Chadha G.K., Kaur S., Bawa S.S. and Biradar

A.M. ”Collective dielectric relaxation in smectic A and

smectic C star phases near transition temperature of

electroclinic liquid crystals”, Journal of Applied Physics

97 (11): Art. No. 113514 (2005). 

161. Verma A., Bakhshi A.K., Agnihotry S.A., “Citric acid

induced improved homogeneity of CeO
2
 coatings for

electrochromic device applications”, Indian Journal of

Physics and Proceedings of The Indian Association for

the Cultivation oOf Science 79 (7): 719-724 (2005).

162. Verma A., Basu A., Bakhshi A.K. and Agnihotri S.A.,

“Structural, optical and electrochemical properties of

sol-gel derived TiO
2
 films: Annealing effects “, Solid State

Ionics 176 (29-30): 2285-2295 (2005).  

163. Verma A., Samanta S.B., Bakhshi A.K., et al., “Sol-gel

processed cerium oxide and mixed cerium-titanium

oxide films as passive counter electrodes for transmissive

electrochromic devices”, Indian Journal of Chemistry

Section A-Inorganic Bio-Inorganic Physical Theoretical

& Analytical Chemistry 44 (9): 1756-1765 (2005).

164. Verma A., Samanta S.B., Bakhshi A.K. and Agnihotri S.A.,

“Effect of stabilizer on structural, optical and

electrochemical properties of sol-gel derived spin coated

TiO2 films”,  Solar Energy Materials and Solar Cells 88(1):

47-64 (2005).

165. Verma A., Singh D.P., Bakhshi A.K., et al. , Influence of

aging and composition of the precursor sol on the

properties of CeO2-TiO2 thin films for electrochromic

applications , Journal Of Non-Crystalline Solids 351 (30-

32):2501-2512(2005).    

166. Verma A., Srivastava A.K., Bakhshi A.K., Kishore R.,

Agnihotri S.A., “Sol-gel processed nanostructured CeO
2
-

TiO
2
 thin films for electrochromic applications”,

Materials Letters 59 (27): 3423-3426 (2005). 

167. Yadav B.K., Rizvi S.A.M. and Kandpal H.C., “Experimental

observation of spectral changes of partially coherent

light in Young’s experiment”, Journal of Optics A-Pure

and Applied Optics 8 (1): 72-76 (2006).  

168. Yadav Sanjay, Gupta V.K., Prakash Om and

Bandyopadhyay A.K., “Proficiency testing through

interlaboratory comparison in the pressure range up

to 70 MPa using pressure dial gauge as an

artifact”, Journal  of  Scientific & Industrial Research

64 (10): 722-740 (2005).

169. Yadav Sanjay and Bandyopadhyay A.K., “Proficiency

testing program under NABL in the pressure range

07-70 MPa using a dead weight tester” MED. J. Meas.

Contrl., 1, 3, 138-151 (2005).

170. Yadav Sanjay and Bandyopadhyay A.K., “Interlaboratory

comparison in the pressure range 7 - 70 MPa using

digital pressure calibrator”, MAPAN- J. Metrology Soc.

India, 20, 4, 297-310 (2005).

171. Yadav Sanjay, Bandyopadhyay A.K. and Gupta A.C,

“Evaluation of associated uncertainties using linear

squares best-fit lines for electromechanical

transducers”, J. Institution of Engineers (Id), 86, 49-53

(2005).

172. Yadav Sanjay, Gupta V.K., Prakash Om and

Bandyopadhyay A.K., “Evaluation of associated

uncertainties in calibration of direct pressure indicating

electromechanical devices”, Measurement Science

Review, 5, 3, 104-114 (2005).



Appendix - 1, Publications

Annual Repor t 2005-2006 93

1. Agarwal Ashish, “Entanglement of Atomic Ensembles”,

Proceedings of 2nd Int. Conf. on Atomic, Molecular &

Optical Physics win applications, Delhi University, March

2006.

2. Agarwal Ashish, Saxena G.M., Krishna A., Wasan A. and

Natarajn V., “Indigenous development of coherent

population trapped rubidium atomic clock”,

Proceedings of XXVIIIth General Assembly of Radio

Sciences, Delhi, October 2005.

3. Ahammed Y. Nazeer, Arya  B. C. Jain S. L., Arun Kumar &

Kohli Ramesh, “Diurnal and seasonal variability in near

surface aerosol number concentration at an urban site

New Delhi, India”, Proc. NSSS-2006 held at Andhra

University, Visakhapatnam during Feb 9-12, 2006.

4. Ahammed Y. Nazeer, Arya B.C., Jain S.L., Kumar Arun &

Kumar Shailesh, Cruise study of PM2.5 mass

concentrations and aerosol optical depths over the

Arabian Sea and Indian Ocean”. Proc. IASTA and Asian

Aerosol Research Assembly (AARA) the 4th Asian Aerosol

Conference held in Mumbai, India, during the period

December, 13-16, 2005. IASTA Bulletin Vol. 17 No. (1&2),

255-256 (2005).

5. Ahammed Y. Nazeer, Jain S.L.,  Arya B.C., Kumar Arun &

Shailesh Kumar, “Measurement of aerosol number size

distributions at New Delhi during winter”,  Proc. IASTA

and Asian Aerosol Research Assembly (AARA) the 4th

Asian Aerosol Conference held in Mumbai, India, during

the period December, 13-16, 2005. IASTA Bulletin Vol.

17  No.(1&2) 86-87 (2005).

6. Arya B. C., Ahammed Y. Nazeer, Jain S. L. , Kumar Arun &

Kohli Ramesh, “Wintertime variability in concentration

of Surface Ozone and NOx at New Delhi”,  Proc.  in

NSSS-2006  held at Andhra University, Visakhapatnam

during Feb 9-12, 2006.

7. Bahadur H., Garg S.C., Samanta S.B., Basu A., Kar M.,

Rashmi, Sood K.N., Kishore R., Haranath D., Chander

Harish, Bhatt V., Prem Pal and Sudhir Chandra,

“RF sputtered thin films of Zinc Oxide and their

characterization”, Proc. XIIIth Workshop on the Physics

of Semiconductor Devices, New Delhi, India,

1408-1410. (2005)

8. Bahadur H., Garg S.C., Samantha S.B., Srivastava A.K.,

Sood K.N., Kishore R., Basu A., Rashmi, Kar M., Pal P.,

Bhatt V. and Chandra S., “Characterization of ZnO Thin

Films”, Proceedings of the XXXVIII General Assembly of

Radio Science URSI, October 23-29, 2005.

9. Bhardwaj A., Dilshad M., Kumar Sushil, Rauthan C.M.S.,

Rajput S.S. and Dixit P.N., “Electronic properties of

hydrogenated nanocrystalline silicon films deposited

by PECVD”, Proceedings of Physics of Semiconductor

Device.

10. Bishnoi Laxmi, Gera Neha, Singh Jaswant, singh Gurbir,

Gera B. S. & Datta H. N., “Characterising the marine

boundary line over East Antarctica”, Proceedings of

URSI, Oct. 23-29, 2005.

11. Chakraborty B.R., Halder S.K., Karar N., Kabiraj D. and

Awasthi D.K., “High Energy Heavy ion Induced  Cobalt

Silicide Formation as a Buried Layer in Silicon,

Proceedings of the XIII International Workshop on

Physics of Semiconductor Devices”, December, 2005

“The Physics of Semiconductor Devices” Vol. II Allied

Publishers (2005) 1297-1301.

12. Chakraborty B.R., Haranath D. and Chander H.,

“Investigation of dopant distribution in nanophosphors

using TOF-SIMS and Laser SNMS”, Proceedings of

Physics of Semiconductor devices, (IWPSD-2005), Vol. I,

2005.

13. Chakravarty B.C., Tripathi Jyoti, Kumar R., Lal,M., Singh

P.K. and Singh S.N., “Effect of Back Emitter Properties

on Spectral Response and Reverse I-V Characteristics of

Silicon p+-n-n+ (PIN) Photodiodes”, Proceedings of 13th

International Workshop on the Physics of

Semiconductor Devices (IWPSD-2005), (13-17 Dec.

2005, New Delhi) pp. 145-48.

14. Dilshad M., Bhardwaj A., Panwar O.S., Kumar Sushil,

Rauthan C.M.S., Rajput S.S. and Dixit P.N., “Estimation of

defects in hydrogenated nanocrystalline silicon films

using constant photocurrent method”, Proceedings of

Physics of Semiconductor Devices, (2005).

15. Diva, Sood K.N., Srivastava A.K. and Kishore R., “Nano-

modifications on the Surface of Si/V/Si Thin Films by

Swift Heavy Ion Irradiation”, Proc. XIIIth Workshop on

the Physics of Semiconductor Devices, New Delhi, India,

1592-1595 (2005).

16. Dixit P.N., Kumar Sushil, Rauthan C.M.S., Dilshad M. and

Rajput S.S., “Preparation and characterization of thin

film nano-crystalline silicon”, Proceedings of Physics of

Semiconductor Device, (2005).

17. Gupta P.K., Singh Khem, Singh D.P., Dixit C.K., Singh Nahar,

Badarinath K.V.S. and Das A.K., “Study of Aerosol Mass and

Size Distribution in North East Region of India”, Special

issue of the Proceedings of the 4th Asian Aerosol

Conference (AAC-2005) BARC, 13-16 December 05,

Mumbai. IASTA Bulletin Vol. 17(1&2), Dec.2005, 140-141.

18. Gupta S.K., Dhawan S.K., Manju Arora and Arya Sunil,

Papers published in Symposia /Conference /Seminar /Workshops proceedings



Appendix - 1, Publications

okf"kZd izfrosnu 2005&200694

“Characterization of charge carriers in polyaniline

doped with organic and inorganic acids by EPR

spectroscopy”, 13th Intl. Workshop on the Physics of

semiconductor devices (IWPSD-2005), NPL, New Delhi,

p.1318-132, Dec.13-17, 2005.

19. Jain K.K., “NPL designs, develops and fabricates Load

Cell Calibrator”, CSIR news, vol.55 no.9 (2005).

20. Jain Kiran  and Rashmi, “Chalcogenide Thin Film

Fabrication by Pulse Electrodeposition Technique”,

Proceedings of the International Conference on

Optoelectronic materials and Thin Films for Advanced

Technology (OMTAT2005),  459-466 (2005).

21. Jain Kiran , Rashmi and Sood K.N., “Preparation of One

Dimensional Nanostructure using Nanoporous

Templates”, Proceedings of the International Conference

on Electronic and Photonic Materials, Devices and

Systems (EPMSD-2006), E27-E29, 2006.

22. Jain Kiran , Rashmi, Karar N., Chandra S., Preparation of

Nanocrystalline Zinc Oxide Powder by Hydrothermal

Method, Proceedings of the XIII International Workshop

on Physics of Semiconductor Devices (IWPSD 2005),

Vol. II, 501-504, 2005.

23. Jain Kiran , Sood K.N., Rashmi and Lakshmi Kumar S.T.,

CdSe Thin Films and Nanowires Synthesis using Pulse

Electro deposition Technique, Proceedings of the 31st

IEEE Photovoltaic Specialist Conference, 472, 2005.

24. Jain Kiran, Himani Sharma, Sood K.N., Rashmi and

Lakshmi Kumar S.T., Growth and Microstructure of SnS

Films Prepared by Electrodeposition Technique,

Proceedings of the 31st IEEE Photovoltaic Specialist

Conference, 468, 2005.

25. Jain S. L., Arya B. C., Ahammed Y. Nazeer, Arun Kumar &

Kohli Ramesh, Surface Ozone measurements over Delhi

during 1997-2005. Proc. NSSS-2006   held at Andhra

University, Visakhapatnam during Feb 9-12, 2006.

26. Jain S.C., Sharma V., Tanwar V.K. and Singh P.K., Design

and Development of Polymer based Microfluidic

Channels and Network for Handling Nano liter Solutions

using Soft Lithographic Techniques, Proceedings of 13th

International Workshop on the Physics of

Semiconductor Devices (IWPSD-2005), New Delhi) pp.

1605-09, (13-17 Dec. 2005).

27. Jain S.C., Sharma V., Tanwar V.K. and Singh P.K.,

Fabrication of Micro-patterned Surfaces with

Contrasting Physical and Chemical Properties for

Selective Deposition of Bio-molecules for Biological

Applications, Proceedings of 13th International

Workshop on the Physics of Semiconductor Devices

(IWPSD-2005,  New Delhi) pp. 1610-14. (13-17 Dec.

2005).

28. Jain S.L., Arya  B.C., Kulkarni P.S., Ghude  S.D,   Kumar

Ashok, Ahammed Nazeer &  Shahnawaz,  Measurement

of aerosol optical depth at Maitri, Antarctica,  Proc. IASTA

and Asian Aerosol Research Assembly (AARA) the 4th

Asian Aerosol Conference held in Mumbai, India, during

the period December, 13-16, 2005. IASTA Bulletin Vol.

17  No.(1&2), 264-266 (2005).

29. Jain V.K., Kumar Sushil, Rauthan C.M.S., Rajput S.S. and

Dixit P.N., “Hydrogenated amorphous silicon as a

potential material for room temperature bolometer”,

Proceedings of Physics of Semiconductor Devices,

(2005).

30. Kaur Jasdeep, Prakash Nupur, Rajput SS, “Classification

and applications of Current Conveyors”, Proc. NCETET

2006/IEEE at SMVDU, Jammu.

31. Khan Mohd. Alim, Panwar O. S., Dixit P. N., Bhattacharyya

R., Satyanarayana B. S.  and Khan M.Y., “Langmuir Probe

Studies of the Filtered Cathodic Vacuum Arc Process for

the Deposition of Tetrahedral Amorphous Carbon

Films”, Proceedings of  Physics of  Semiconductor

Devices, (2005).

32. Khan Mohd. Alim , Panwar O. S., Dixit P. N.,Satyanarayana

B. S., Dilshad M., Bhardwaj A. and . Khan M. Y, “Effect of

Boron Doping in Tetrahedral Amorphous Carbon Films

Grown Using Filtered Cathodic Vacuum Arc Process”,

‘Proceedings of The Physics of   Semiconductor Devices’,

(2005).

33. Kumar Sushil, Jhuma Gope, Rauthan C.M.S. and Dixit

P.N., “Fabrication of a-Si:H and nc-Si:H TFTs using DLC

as dielectric”, Proceedings of Physics of Semiconductor

Device, (2005).

34. Lal M., Priyanka, and Singh S.N., Effect of Silicon Nitride

Film on the Performance of Screen Printed Silicon Solar

Cell”, Proc. National Workshop on Advances in Material

Science and Applications , National Physical Laboratory,

New Delhi 110012, India, May 3-4,2005.

35. Lal Tripurari & Yadav Surender Singh, “Status of NPL

India in CCM.V.K1 Intercomparison in Viscosity” MAPAN-

JMSI Vol.21, No.1 (2006).

36. Lal Tripurari, “Calibration of Balances”, NABL News

October 2005.

37. Lal Tripurari, “Calibration of Volumetric Measures”,

NABL News, October 2005.

38. Lal Tripurari, “Calibration of Weights and Uncertainty

Calculations”, NABL, News October 2005.

39. Lal Tripurari, “Guidelines for Calibration of

Hydrometers”, NABL News, October 2005.

40. Kumar Mahesh, Paliwal V.K., Govind; Shivaprasad S.M.,

“Kinetically controlled superstructural phases at the Sb/



Appendix - 1, Publications

Annual Repor t 2005-2006 95

Si (5 5 12) interface”, Materials Research Society

Symposium Proceedings, USA March (2006) 0891-EE

0727.

41. Meena N., Nikhil Sobti, Singh K., Saini P., Kotnala R.K.,

Pant R.P., Dhawan S.K., Bawa S.S. and Kothari P.C., “In-

situ polymerization of conducting polymers in the

presence of nanoferromagnetic constituents”,

International Workshop on Physics of Semiconductor

Devices, Vol. 2, p920, IWPSD-2005.

42. Mehrotra Shalini, Sharma P.K., Dilawar Nita, Kumar

Mahesh, Shivaprasad S.M., Halder S.K., Kumaraswamy

B.V. and Bandyopadhyay A.K., “Vibrational Characteristic

of a few Rare Earth Se squioxides”, Proceedings of the

XIII International Workshop on Physics of

Semiconductor Devices, 1326-1330, December, (2005).

43. Misra A, Kumar P, Srivastava R, Dhawan S.K., Kamalasanan

M.N. and Chandra S, “Synthesis and characterizations

of blue organic electroluminescent bis (2-methyl 8-

quinolinolato) (triphenyl Siloxy) aluminium for OLEDs

applications”,.XXVIIIth General Assembly of

International Union of Radio Science (URSI),  October

23-29  2005.

44. Pant R.P., Halder S.K., Dhawan S.K., Shah J., Kumar Vijay

and Kataria N.D., “Microwave absorption studies on

ferrofluid –polymer composite”, Proc. of the XXVIIIth

General Assembly of International Union of Radio

Science (URSI), EA 6 (01719) page 151, Oct 23-29, 2005.

45. Panwar O. S., Khan Mohd. Alim, Dixit P. N., Satyanarayana

B. S.  ,Bhattacharyya R. and Husain M., “Study of Pure

and Doped Tetrahedral Amorphous Carbon Films

Deposited Using Filtered Cathodic Vacuum Arc Process”,

Proceedings of ‘The Physics of Semiconductor Devices’,

(2005).

46. Panwar O. S., Khan Mohd. Alim, Satyanarayana B.S., Dixit

P.N., Kumar Sushil and Khan M.Y., “Electron Field-

Emission From Hydrogen Incorporated Tetrahedral

Amorphous Carbon  Films Grown Using an S Bend

Filtered Cathodic Vacuum Arc Process”, Proceedings of

Physics  of Semiconductor Devices’ (2005).

47. Panwar O. S., Rupesinghe N. L. and Amaratunga G. A. J.,

“Electron Field-Emission from As Grown and Nitrogen

Incorporated Tetrahedral Amorphous Carbon Films

Grown Using L Bend Pulsed Filtered Cathodic Vacuum

Arc  Process”, proceedings of The Physics of

Semiconductor Devices’, (2005).

48. Panwar O.S., Satyanarayana B.S. , Khan Mohd. Alim,

Kishore Ram, Sood K.N. , Dixit P.N. and   Khan M.Y.  ,

“Raman and Morphological Studies of Boron

Incorporated Tetrahedral Amorphous Carbon  Films

Grown Using Filtered Cathodic Vacuum Arc Process”,

Proceedings of The Physics of  Semiconductor Devices’,

(2005).

49. Parashar A., Kumar Sushil, Rauthan C.M.S., Singhal S.K.,

Dixit P.N., Singh B.P. and Bhattacharyya R.,

“Morphological studies of cbn films grown by dual

frequency (microwave/ rf) PECVD technique”,

Proceedings of Physics of Semiconductor Device, (2005).

50. T. Parveen, Sharma Susheel, Rajput SS, “Low voltage

high performance multi functional Biquad using CMOS

CCII+”, Proc. NCETET 2006/IEEE at SMVDU, Jammu.

51. Prakash Nupur, Kaur Jasdeep, Rajput SS, “Bulk-Driven

Technique: A Review”, Proc RTSTA 2006, Muzaffar Nagar

(2006).

52. Priyanka, Lal M., and Singh S.N., “Effect of Localized

Shunt Resistance on the Spectral Response of Silicon

Solar Cell” , Proceeding IWPSD-2005, vol-1,pp.201-205,

NPL,New Delhi India Dec13-17,2005.

53. Rauthan C.M.S, Kumar Sushil and Dixit P.N., “Diamond-

like carbon (DLC) as antireflection coating for silicon

solar cell”, Proceedings of The Physics of Semiconductor

Device, (2005).

54. Rauthan C.M.S, Parasher A., Kumar S, Singhal S.K., Dixit

P.N., Singh B.P. and  Bhattacharyya R., “Electronic

Properties of Cubic Boron Nitride Films grown by Dual

Frequency (Microwave/RF) PECVD technique,

Proceedings of the XIII International Workshop on

Physics of Semiconductor Devices (IWPSD-2005), NPL,

New Delhi,  1344, Dec. 13-17, 2005.

55. Schmidt J.W., Jain K.K., Olson D. and Miiller Archie, “A

novel method to generate / measure pressure near

atmospheric region”, NCSL proceedings (2005).

56. Sharma P.K., Mehrotra Shalini, Dilawar Nita, Kumar

Mahesh, Shivaprasad S.M., Halder S.K., Kumaraswamy

B.V. and Bandyopadhyay A.K., “High Pressure Raman

Investigation of SM
2
0

3”,  
Proceedings of the XIII

International Workshop on Physics of Semiconductor

Devices. December, 2005 “The Physics of

Semiconductor Devices” Vol. II 1331-1335 (2005).

57. Sharma Rina, Aggarwal N K and Singhal R P, “Analysis of

Proficiency Testing in Calibration of Gauge Blocks among

Accredited Laboratories”, NPL Technical Bulletin 2005.

58. Sharma Rina, Ojha V.N., Chitnis V.T., Uchida1 H, Uchida

Y. and Singhal R P, “Application of ISO Guidelines for

Evaluation of Uncertainty in Photolithographic Mask-

Wafer Alignment using Modified Moiré Technique”,

Proceedings (on CD) of XXVIII General Assembly of

International Union of Radio Science (URSIGA2005), Oct

22-28,(2005) New Delhi.

59. Sharma Rina, Singhal R P, “Uncertainty in Dimensional



Appendix - 1, Publications

okf"kZd izfrosnu 2005&200696

Measurements”, NABL News, March (2006).

60. Sharma Susheel, Rajput S. S., Jamuar S. S.,

“Characteristics and Applications of Floating Gate

MOSFETs”, Proc RTSTA 2006, Muzaffar Nagar (2006).

61. Sharma Susheel, Rajput S. S., Kirat Pal , Magotra L. K.,

and Jamuar S S, “Low voltage single CCII based current

mode biquad filter” Proc. NCETET 2006/IEEE at SMVDU,

Jammu.

62. Sharma Susheel, Rajput S. S., Pal Kirat , Magotra L. K.,

and Jamuar S S, “Realization of all pass/notch filter using

a low voltage variable gain CCII”, Proc EPMD 2005,

Kolkata.

63. Sharma Susheel, Rajput S. S., Magotra L. K., and Jamuar

S S, “Model for Floating Gate MOSFET and Circuit

Performance Evaluation”, Proc. ROVISP 2005, Malaysia,

2005.

64. Singh P.K., Gandotra R., Chakravarty B.C., Singh S.N.,

Kumar S. and Singh B.R., “Silicon Photodiodes for High

Efficiency Photon Detection”, Proceedings of 13th

International Workshop on the Physics of

Semiconductor Devices (IWPSD-2005), (13-17 Dec.

2005, New Delhi) pp. 178-81.

65. Singh R., Chakraborty B.R., Singh Nahar, Rashmi,

Bahadur H., Goel T.C. and Chandra S., “Phase Formation

and Compositional Analysis of PLZT Thin Films Prepared

by RF Magnetron Sputtering”, Proceedings of the XIII

International Workshop on Physics of Semiconductor

Devices (IWPSD 2005), Vol. II, 1548-1551, 2005.

66. Singh Risal, Singh  Sachchidanand  & Tanwar R.S.,

“Study of spectral variation of aerosol optical depth

between Delhi and Patnitop (Hill-station) during a road

campaign experiment”, IASTA Bulletin Vol-17, (ISSN-

0971-4510), 453-453, December 2005.

67. Singh Sachchidanand, Bano Tarannum & Singh Risal,

“UVB radiation measurements over Arabian sea and Bay

of Bengal region during Oct-Nov 2004 and its

comparison with the model”, IASTA Bulletin Vol-17, (ISSN-

0971-4510), 279-280, December 2005.

68. Srivastava A.K., Sood K.N., Kishore R. and Naseem H.A.,

“Metal Induced Crystallization of an Amorphous Silicon

– A Microstructural Pathway”, Proc. XIIIth Workshop

on the Physics of Semiconductor Devices, New Delhi,

India, 1531-1534 (2005).

69. Srivastava Abhilasha, Jain Kiran  and Rashmi,

“Preparation of Nanocrystalline Tin Oxide Powder using

Hydrothermal Technique”, Proceedings of the 4th

International Conference on Smart Materials, Structures

and Systems, Bangalore, SC120-SC125 July 28-30, 2005.

70. Srivastava Abhilasha, Rashmi and Jain Kiran, “Synthesis

and Gas Sensing Properties of Thick Film SnO
2
 by

Hydrothermal Route”, Proceedings of the 11th National

Seminar on Physics and Technology of Sensors, C43-1-

C43-5, 2006.

71. Srivastava Abhilasha, Rashmi and Jain Kiran , Tin Oxide

Gas Sensor: “Effect of Various Dopants”, Proceedings of

the XIII International Workshop on Physics of

Semiconductor Devices (IWPSD 2005), Vol. II, 554-557,

2005.

72. Srivastava Abhilasha, Rashmi and Jain Kiran, “Gas

sensitivity study of different preparation techniques:

Tin oxide powder”, Proceedings of the International

conference on Electronic and Photonic materials,

Devices and Systems (EPMSD-2006), G18, 2006.

73. Srivastava R, Anand S, Saxena K, Misra A, Kumar P,  Meena

M, Singh D, Dhawan S K,  Kamalasanan M.N.  and Chandra

S, “Synthesis and characterizations of Iridium Complex

for Green Organic Light Emitting Devices”, XXVIII th

General Assembly of International Union of Radio

Science (URSI), New Delhi, October 23-29  2005.

74. Sushil Kumar, C.M.S. Rauthan, Sharma Rrishi, Gupta R.P.

and Dixit P.N., “Growth of nanodiamond films using

C2H2 and Ar gaseous mixture by pulsed PECVD

technique”, Proceedings of Physics of Semiconductor

Device, (2005).

75. Tripathi Jyoti,  Chakravarty B.C., Kumar R., Lal M. and

Singh S.N., “Fabrication of Microchannels on  <100>

Si Substrates and growth of Porous- Si on    them for

Application in Immobilized Enzyme Reactor for Glocose

Sensing”, Proc. Intl. Conf. Electronic and Photonic

Material, Devices and System (EPMDS-2006) Dept. of

Elec. Sci. Calcutta Univ., Jan 4-6, 2006, p.G9.

76. Yadav Sanjay and Bandyopadhyay A.K., “Indian national

hydraulic pressure standards and their metrological

equivalence in regional and global measurement

system”, Proceedings National Conference on Sensors

(NCS2005), Patiala, India, November 25-26, pp63-68

(2005).

77. Yadav Sanjay, Prakash Om, Gupta V.K. and

Bandyopadhyay A.K., “Proficiency testing programmes

in pressure metrology: an Indian scenario”, Proceedings

National Conference on Sensors (NCS2005), Patiala, India,

November 25-26, pp30-33 (2005).



Appendix - 1, Publications

Annual Repor t 2005-2006 97

1. Bahadur H., Garg S.C., Samanta S.B., Harnath D., Chander

H., Basu A., Srivastava A.K., Sood K.N., Kishore R., Pal P.,

Bhatt V., Kumar M., Chandra S., “Synthesis of thin films

of ZnO and characterization of their nanostructures,

ICONSAT”, New Delhi, March 16-18, 2006, 167.

2. Bahadur H., Hans V.K., Kumar Mahesh, Shivaprasad S.M.,

Sood K.N., Kishore R., Gupta P.K. and Garg S.C., “XPS and

EDS investigation of Quatz Resonator Electrodes for

use in Quartz Crystal Microbalances”, URSI GA-2005,

Vigyan Bhavan, New Delhi, Oct. 2005.

3. Bahadur H., Samanta S.B., Srivastava A.K., Sood K.N.,

Kishore R., Basu A., Rashmi, and Kar M., Nano and Micro

Structural Investigations in ZnO Thin Films, ICMAT-ICAM

2005, Singapore, July 3-8, 2005.

4. Bahadur H., Srivastava A.K., Garg S.C., Basu A., Kishore

R., Samantha S.B., Rashmi, Bhatt V., Pal P. and Chandra S.,

“Characterization of Zinc Oxide Thin Films Grown by

Sol-Gel Spin Process Workshop on Sol-Gel Derived Thin

Films and Devices”, Univ. of Delhi, New Delhi, June

17-18, 2005.

5. Balmurugan B., Mehta B.R. and Shivaprasad S.M.,

“Tailoring the Size, Structure, Optical and Electronic

Properties of Cu
2
O Nanoparticles using Thermal

Annealing”, ICONSAT 2006, held at  Indian Institute of

Technology, New Delhi, 16-18 March 2006.

6. Bandyopadhyay A.K. and Dilawar Nita, “Uniformity and

compatibility of National Standards during the

participation of any key comparison”, Presented at the

2005 NCSL international workshop and symposium,

Washington DC, USA in Aug. 2005.

7. Baruah K.K., Nirmali G., Boby G. and Gupta P.K., “An

analysis of intervarietal differences in methane flux from

rice paddies as biological mitigation option of radiative

trace gases”, presented in Fourth International

Symposium on Non-CO2 Greenhouse Gases (NCGG-4)

Science, Control, Policy and Implementation, Utrecht,

The Netherlands, July 4-6, 2005.

8. Bhagavannarayana G., Budakoti G.C., Maurya K.K. and

Kumar B., “Enhancement of Crystalline, piezoelectric

and optical quality of LiNbO
3
 single crystals by post

growth annealing”, International workshop on Physics

of Semiconductor Devices (IWPSD) held at National

Physical Laboratory, New Delhi during December 13-

17, 2005.

9. Bhatt S.C., Manish Uniyal, Pant R.P. and Semwa B.S.,

“Characterization of K
1-x

Na
x
NbO

3
  System, 35th  Nat.

Seminar on crystallography”, Feb22-24,2006, NPL, New

Delhi.

10. Bhuyan P. K., Minakshi Chamua, Subrahmanyam, P., &

Garg S. C., “Effect of solar activity on electron density at

500 km over the magnetic equator”, XXXVIII General

Assembly of International Union of Radio Science (URSI),

New Delhi, India, October 23- 29, 2005.

11. Chakraborty BR, Haranath D. and Chander Harish,

“Investigation of Dopant Distribution in Nanophosphors

using TOF-SIMS and LASER-SNMS”, XIII International

Workshop on Physics of Semiconductor Devices (IWPSD-

2005), Dec 13-17, 2005, National Physical Laboratory,

New Delhi.

12. Chand S, Sharma G D and Dwivedi S, “Effect of poly

(styrene-acrylonitrile) copolymer interface barrier layer

on x-ray sensitivity of amorphous selenium films”, Proc

of XIII International Workshop on Physics of

Semiconductor Devices, New Delhi, 206-210, Dec. 13-

17, 2005.

13. Chander Harish and Haranath D., “Luminescence Studies

of (Zn,Mg):Zn Nanophosphors”, International

Conference on Nanoscience and Technology (ICONSAT-

2006) at India Habitat Center, New Delhi. 16-18 March

2006.

14. Chander Harish, Haranath D. and N Karar,

“Luminescence Studies of ZnS:Mn Nanophosphors”, XIII

International Workshop on Physics of Semiconductor

Devices (IWPSD-2005), National Physical Laboratory,

New Delhi, Dec 13-17, 2005.

15. Chaudhary K.P. et al, “A New Approach Of Surface

Roughness Measurement Using Optical Method And

Image Processing”, International Conference on Optics

and photonics held at San Diego, USA during 31-July-

4th  August 2005.

16. Chaudhary K.P., “Error analysis of CMM probe system

based on Strain Gauge”, National Symposium on

Coordinate Metrology, 28th Feb – 1st March 2006.

17. Chaudhary K.P., “Opto-tactile sensor for Blind Hole

Measurement on parts using CMM”, National Symposium

on Coordinate Metrology, 28th Feb – 1st March 2006.

18. Chauhan  S K, Bahl  O P, Mathur  R B,   Dhami  T L  and

Dhakate  S R, “Novel processing Route for the Fabrication

of high Density Carbon/carbon composites”, Carbon

Conference, Korea, July,  2005.

19. Chopra R, Ganguly P, Mathur R G, Dhar A, Anandani R C

and Gupta A K, “Synthesis of 2124/SiCp Functionally

Gradient Materials using stir-casting technique”,

National Workshop on Advances in Materials Science

and Applications, NPL, New Delhi, May 3-4, 2005.

Papers presented in Conference / Symposia / Workshop
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20. Choubey R.K., Kar S., Bhatt R., Sen P., Bhagavannarayana

G. and Bartwal K.S., “Growth and defect structure of

Nd
2
O

3
 and MgO co-doped LiNbO

3
 crystals”, 35th National

Seminar on Crystallography, Feb.. 22-24, 2006, NPL,

New Delhi.

21. Claude A., Bairava Ganesh R., Vaithianathan V., Vijayan

N., Bhagavannarayana G. and Ramasamy P., “Growth

and characterization of Thiourea based Nikel Thiourea

Sulphate, Magnesium Thiourea Sulphate and Nikel

Magnesium Thiourea Sulphate crystals”, The Third Asian

Conference on Crystal Growth and Crystal Technology

(CGCT-3), held at Beijing, China during Oct. 16-19, 2005.

22. Claude A., Bairavaganesh R., Sathyalakshmi R., Vijayan

N., Bhagavannarayana G. and Ramasamy P., “Effect of

dopants on the growth of ammonium

dihydrogenphosphate crystals”, Second National

Symposium on Crystal Growth of Laser related materials

held at SSN College of Engineering, Kalavakkam, Chennai

during 19-20th December 2005.

23. Claude A., Bairavaganesh R., Vaithianathan V., Vijayan

N., Bhagavannarayana G. and Ramasamy P., “On the

growth and charcerization of novel thiourea based NTS,

MTS and NMTS crystals”, Second National Symposium

on Crystal Growth of Laser related materials held at SSN

College of Engineering, Kalapakkam, Chennai during

19-20th December 2005.

24. Dalela P. K., Prasad M V. S. N. &  Mohan A, “A new concept

of digital power line carrier communication for rural

applications”, Presented in 28th URSI General Assembly

(C01,P7), New Delhi, October,23-29, 2005.

25. Dhar A, Anandani R C, Chopra R,  Mathur R G, Ganguly

P and Gupta A K, “Spray forming of AZ31 Magnesium

alloys”, Poster paper in 17th Annual General Meeting of

Materials Research Society of India(MRSI), Lucknow,

February 13-15, 2006.

26. Dhawan S.K., Rathore R., Saini P., Kamalasannan M.N.

and Bawa S. S.  “PANI:LDPE Conducting Composites:

Synthesis, Characterization and Applications”, IWPSD,

New Delhi, 2005.

27. Dilawar Nita, Chandra Usha, Kumar Manoj, Mehrotra

Shalini, Sharma P.K. and Bandyopadhyay A.K., “High

Pressure Raman Studies of Nanocrystalline Perovskite

(LaSr)(MnFe)O
3
”, Presented at the MRSI symposium, at

Univ. of Lucknow in Feb. 2006.

28. G. Driver, D.A. Olson, Yadav Sanjay, Bandyopadhyay A.K.

A. K., “Bilateral comparison between NIST (USA) and NPL

(India) in the hydraulic pressure region 40-200 MPa”,

Presented during 4th CCM International Conference on

Pressure Metrology, Institute of Physics, London, April

19-21, 2005.

29. Gajbhiye N. S., Battacharyya Sayan, Shivaprasad S.M.

and Weissmeller J., “Synthesis, Characterization and

magnetic interaction Study of e-Fe
3
N-CrN Nanorods”,

ICONSAT 2006, 16-18 March held at Indian Institute of

Technology, New Delhi.

30. Garg R.K. “Synthesis and characterization of biological

active complex of Ni(II) with 5-bromouracil”

International Conference on Perspectives in Vibrational

Spectroscopy (ICOPVS 2006) held at CCS University,

Meerut during    Feb. 25-28, 2006.

31. Garg S.C., Bahl M., Jain  A. R., Maini H. K., Subrahmanyam

P., Chopra  P.,  John T., Singh Vishram, Singh Dhan & Das

U. N., “In-situ  measurements  of  F-region plasma

parameters over Indian region from Indian satellite

SROSS-C2: A Review”, XIV National Space Science

Symposium (NSSS – 2006), Andhra University,

Visakhapatnam, 9 – 12 February 2006.

32. Garg S.C., Jain A. R., Bahl M., Maini H. K., Subrahmanyam

P., Chopra P., John  T., Singh Vishram, Singh Dhan &  Das

U. N., “In-situ F-Region Plasma Measurements over

Indian Region from RPA Aeronomy Payload onboard

SROSS-C2 Indian Satellite”, XXXVIII General Assembly

of International Union of Radio Science (URSI), New

Delhi, India, October 23- 29, 2005.

33. Ghosh S., Bhardwaj P., Srivastav P. , Avasthi D. K., Kabiraj

D.  and  Shivaprasad S.M., “Deposition and

characterization of Nanocrystalline ZnO and ZnO :Ni

Films using Atom Beam Sputtering”, ICONSAT 2006,

held at  Indian Institute of Technology, New Delhi 16-18

March 2006.

34. Ghude Sachin D., Jain S. L., Arya B. C., Singh

Sachchidanand, Kulkarni  Pavan S.  &  Kumar Ashok,

“Direct Solar Ultraviolet Irradiance (305nm, 312nm,

320nm) at Schirmacher Region of East Antarctica and

Delhi: Observations, Comparison and Model

Calculations”, URSI2005, URSI XXVIII General assembly

F10P.20 (0096), 2005 held at  New Delhi during October

23-29, 2005.

35. Ghude Sachin D., Jain S. L., Kulkarni P. S., Kumar Ashok

& Arya B. C., “Temporal variability of total ozone, water

vapour, AOD, UV radiation (305, 312 & 320 nm), CO
2
,

CH
4
, CO and O

3
 reveled by ground based observation in

changing climatic condition of Antarctica”, 12th Seoul

International Symposium on Polar Sciences

“Explorations of the Polar Seas” held at Korea Polar

Research Institute, KORDI, Ansan, Korea during 17-19

May. 2005.

36. Goel Shubhra, Gupta Alka, Singh K. P., Mehrotra Ranjana

and Kandpal H. C., “Optical and spectral studies of

polypyrrole nanoparticles” Annual general meeting-
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material research society of India (AGM-MRSI 2006)”

held at Lucknow during 13th –15th Feb. 2006.

37. Goswami Navendu , Sen P. , Singh F. and Shivaprasad

S.M., “Water-Sensitive Metastable Phases of ZnS and CdS

Nanoparticles Synthesized by Exploding Wire

Technique”, ICONSAT 2006, held at  Indian Institute of

Technology, New Delhi, 16-18 March 2006.

38. Gupta A K, “Bulk Nanomaterials”, 2nd Biennial

Workshop on Deformation & Fractured Behaviour of

Advanced Materials (DFBAM – II), Organised by DRDO &

MRSI, Hyderabad, February 24, 2006. - Invited Talk.

39. Gupta A K, “Composites for Light Weight Structural

Applications at NPL”, National Seminar on Advances in

Nano, Metal And Ceramic Composites, Organised by The

Indian Institute of Metals, Trivandrum Chapter, February

23-24, 2006.- Invited Talk.

40. Gupta A K, “Microstructural Refinement of Mg alloys

employing Hot Extrusion for Automobile Applications”,

Proceedings of General Motors Research Collaboration

Seminar on Wrought Magnesium, Organized by General

Motors R&D, San Antonio, USA, March 12, 2006.- Invited

Talk.

41. Gupta A K, “Relevence of Technology Development in

its Journey from Materials Innovation to Product

Development”, National Workshop on Advances in

Materials Science & Applications, NPL, New Delhi, May

3-4, 2005. - Invited Talk.

42. Gupta A K, Sikand R, Mathur R B and Dhami T L,

“Composite Development at NPL”, Proceedings of

Rohatgi Honorary Symposium on Solidification

Processing of Metal Matrix Composites, Organised by

TMS, San Antonio, USA, March 13-16, 2006. – Invited

Talk.

43. Gupta Alka, Goel Shubhra, Singh K. P., Mehrotra Ranjana

and Kandpal H. C., “Novel methods of fabrication and

characterization of anthracene based nanostructures”

International Conference on Nano Science &

Technology”(INCONSAT 2006) held during at India

Habitat center, New Delhi, 16th –18th March 2006.

44. Gupta D., “Fourier Transform Infrared and Raman

Spectroscopic Studies of Single Crystals”, 35th National

Seminar on Crystallography, NPL, 22-24 February 2006.

45. Gupta P.K., Jha A.K., Bhat S., Singh Khem, Das A.K., Baruah

K.K. and Badarinath K.V.S., “Greenhouse gases source &

sink strength from forest soils of NE Indian region in

Arunachal Pradesh”, XIV National Space Science

Symposium (NSSS-2006) held at Vishakapatnam (9-12

February 2006).

46. Gupta P.K., Singh Khem, Dixit C.K., Singh D.P., Jha A.K.,

Sahai S., Singh Nahar, and Garg S.C., “Mass-size

distribution of aerosols by QCM at New Delhi, during

ISRO-GBP land campaign in winter season of 2004-05”,

XIV National Space Science Symposium (NSSS-2006)

held at Vishakapatnam (9-12 February 2006).

47. Gupta Reeta, Kumar Ashok and Kumar Yudhisther, “A

new method to evaluate the quality of aluminum alloy

ultrasonic standard blocks”, 14th National Symposium

on Ultrasonics, New Delhi, Feb 16-18 (2006).

48. Gupta S.K., Dhawan S.K., Arora Manju, Gupta D. and

Arya Sunil, “FTIR Spectroscopic Characterization of HCl

and P-Toluene Sulphonic Acid Doped Polyaniline”, XIII

International  Workshop on Physics of Semiconductor

Devices, NPL, Dec. 13-17, 2005.

49. Gupta V.K., Prakash Om, Yadav Sanjay and

Bandyopadhyay A. K., “Evaluation of measurement

uncertainty with electromechanical transducers with

electrical outputs”, Presented during National

Symposium on Instrumentation (NSI-30), Cochin, Nov.

30 - Dec. 2, 2005.

50. Haranath D., Chander Harish, Sharma Pooja,

“Luminescence Studies on YAG:Ce Nanophosphor for

White LED Applications”, XIII International Workshop

on Physics of Semiconductor Devices (IWPSD-2005),

National Physical Laboratory, New Delhi Dec 13-17,

2005.

51. Haranath D., Pooja Sharma, Chander Harish, “A Novel

Green Chemistry Approach for Synthesis of

Nanocrystalline Strontium Aluminate Phosphor“,

National Conference on Luminescence and its

Applications held  at Amaravati University, Amaravati

on 7-9 February, 2006.

52. Haranath.D.and Chander Harish, “Fabrication and

Characterization of Nanophosphor based

Electroluminescent Films”, International Conference on

Nanoscience and Technology (ICONSAT-2006) at India

Habitat Center, New Delhi16-18 March 2006.

53. Jain K.K., Dhawan J.K., and Kumar Anil, “A 700 kN Build-

Up System as Force Transfer Standard” Presented at

NSI-30, Cochin, Nov. 30 – Dec.2, 2005.

54. Jain Kiran , Rashmi, Kar M., Karar N. and Chandra S.,

“Preparation of Nanocrystalline Zinc Sulphide Powder

using Hydrothermal Technique”, International

Conference on Nanoscience and Technology

(ICONSAT2006), IHC, New Delhi, March 16-18, 2006.

55. Jain S C, Sharma V, Tanwar V K and  Singh P K, “Design

and Development of Polymer-Based Microfluidic

Channels and Networks for Handling Nano Liter

Solutions Using Soft Lithographic Techniques”, The
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Physics of Semiconductor Devices (IWPSD)1605-1609 ,

2005, - Invited Paper.

56. Jain S C, Sharma V, Tanwar V K and Singh P K, “Fabrication

of Micro-patterned Surfaces with Contrasting Physical

and Chemical Properties for Patterning of Proteins and

Cells”, The Physics of Semiconductor Devices

(IWPSD)1610-1614 - Invited Paper, Dec 2005.

57. Jain S. C., “Microfabrication And Microfluidics for

Biological and Biomedical Biomedical Polymers and their

Application”, National seminar on recent Developments

in Bangalore, May 13-14  2005, - Invited Talk.

58. Jain S. C., Sharma V, Tanwar V K and Singh P.K., “Design

And Fabrication Of Polymer-Based Microfluidic Network

And Devices For Biology And Biochemical Analysis”,

International conference on Advanced Materials Design

& Development (ICAMDD), Goa, 14-16 Dec. 2005.

59. Jain S. L., Arya B. C., Ghude Sachin D. & Kumar Arun,

“Temporal Variability of Surface Ozone at New Delhi”,

Proc. The Scientific Assembly of the International

Association of Meteorology and Atmospheric Sciences

(IAMAS) held at Beijing International Convention Center

in Beijing, China, during 2-11 August 2005.

60. Jain S. L., Ghude Sachin D., Kulkarni Pavan S, Kumar

Ashok & Arya B. C. Arya, “Methane (CH4), Carbon dioxide

(CO2) and Carbon monoxide (CO) measurement at

Schirmacher Region of East Antarctica”,  The Scientific

Assembly of the International Association of

Meteorology and Atmospheric Sciences (IAMAS) held

at Beijing International Convention Center in Beijing,

China,  during  2-11 August,  2005.

61. Jain S. L., Ghude Sachin D., Kumar Ashok, Kulkarni Pavan

& Arya B. C. “Year to Year Variation in Ozone Hole depth

and its duration at Maitri, Antarctica”, Presented at The

Scientific Assembly of the International Association of

Meteorology and Atmospheric Sciences (IAMAS) held at

Beijing International Convention Center in Beijing, China,

during 2-11 August 2005.

62. Jain S. L., Singh A.K., Mandal T.K., Arya B.C., Tiwari M.K.,

Garg S.C. & Mitra A.P.,  “A study of Ozone and precursor

gases at Leh and Hanle (Western Himalayas)”,  Presented

at The Scientific Assembly of the International

Association of Meteorology and Atmospheric Sciences

(IAMAS) held at Beijing International Convention Center

in Beijing, China, during 2-11 August 2005.

63. Jain S.L., Arya B.C., Sinha R. & Arun Kumar, “Measurement

of minor constituents in the atmosphere over a

horizontal path using differential absorption lidar” SPIE

International Symposium on Optics & Photonics San

Diego, California, 31 July through 4 August 2005.

64. Jain S.L., “Surface Ozone Measurements over Delhi”,

APN Workshop on Asian Ozone Pollution in Eurasian

Perspective held at Beijing, China during. November 21-

22, 2005.

65. Kamalasanan M.N., “Charge Carrier Mobility of Organic

Semiconductors by Transient  Electroluminescence”,

Jyothirgamaya 05, National Conference on Optics and

Related Phenomena, Sri Narayana College, Kollam,

August 29-30, 2005.

66. Kamalasanan M.N.,.”Recent Developments in Organic

Light Emitting Diodes”, National workshop on Recent

Trends in Optoelectronic Materials and Devices

(RTOMAD-2005), Bemina College, Srinagar, October3-

4, 2005.

67. Kanagasekaran T., Srinivasan P., Vijayan N.,

Bhagavannarayana G., Kanjilal D., Mohanty T.,

Gopalakrishnan R. and Ramasamy P., “Studies on

Irradiation effects of Benzimidazole single crystals”, 35th

National seminar on Crystallography (NSC-2006) held

at National Physical Laboratory during 22-24, February

2006.

68. Karar N., Jaiswala M.N., Halder S.K. and Chander H.,

“Luminescence properties of nano Cd
1-x

 Z
x
S: Ag by

reverse Micelle technique”, International Conference

on Materials for Advance Technology, July 3-8, 2005,

Singapore.

69. Kaur S., Choudhary A., Bawa S. S. and Biradar A. M.,

“Dynamic studies at the transition region of Sm C*-Sm A

phase in electroclinic liquid crystal”, India-UK Science

Networks Seminar on Recent Trends in Liquid Crystal,

Raman Research Institute, Bangalore, Nov.14-16, 2005.

70. Kaushik Ajeet, Ranjana Mehrotra and Kandpal H.C.

“Thermal degradation study of pulp using near infrared

spectroscopy” Annual general meeting- material

research society of India (AGM-MRSI 2006)” held during

13th –15th Feb. 2006 at Lucknow.

71. Khan Atif, Haranath D., Chander Harish, Sharma Pooja,

“Improvements in Optical Performance of Red Emitting

(Ca,Zn)TiO3:Pr3+ Long Decay phosphor”, XIII

International Workshop on Physics of Semiconductor

Devices (IWPSD-2005), Dec 13-17, 2005, National

Physical Laboratory, New Delhi.

72. Khanuja Manika , Kala Shubra , Mehta B.R., Sharma

Himani , Shivaprasad S.M. , Balmurugan B. and Kruis

F.E., “Direct correlation of Core-Shell Structure with

Chemical and Electronic Properties of Monodispersed

Pb nanoparticles by XPS and AFM Studies”, ICONSAT

2006,  held at  Indian Institute of Technology, New Delhi

16-18 March, 2006.
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73. Khanuja Manika, Mehta B.R. and  Shivaprasad S.M.,

“Growth  of Bimetallic Nanoparticle Structure at Pd-Cu

interface : XPS Investigation”, ICONSAT 2006, held at

Indian Institute of Technology, New Delhi 16-18 March.

74. Kripal Ram, Govind H., Arora Manju and  Gupta S.K.,

“Characterization of Cr3+ doped hexa-qua magnesium

sulphate single crystal”, 35th National Seminar on

Crystallography, NPL, New Delhi, Feb.22-24, 2006.

75. Kripal Ram, Govind H., Arora Manju and Gupta S.K.,

“Characterization of Cr3+ doped tetramethylammonium

cadmium chloride single crystal, 35th National Seminar

on Crystallography, NPL, New Delhi, Feb.22-24, 2006.

76. Kripal Ram, Govind H., Arora Manju and Gupta S.K.,

“Characterization of Mn2+ doped zinc ammonium

phosphate hexahydrate single crystals using EPR &

optical absorption”, 35th National Seminar on

Crystallography, NPL, New Delhi, Feb.22-24, 2006.

77. Kumar Ashok and Gupta Reeta, “Study of atmosphere

by infrasound (in Hindi)”, National Conference on

Atmospheric and Environmental Sciences- New

Dimensions, New Delhi, Jan.19-20 (2006).

78. Kumar Ashok, “Calibration of ultrasonic medical

equipment”, 14th National Symposium on Ultrasonics,

New Delhi, Feb 16-18 (2006).

79. Kumar Ashok, “Disinfection of implant biofilms by

ultrasonic irradiation”, Workshop on Biomedical

Sensors, New Delhi, April 2728 (2005).

80. Kumar Mahesh, Govind , Paliwal V.K., Vedeshwar A.G.,

Shivaprasad S.M.., “Formation of 1D- Nanowires and

2D-Nanophases in heteroepitaxy of SB on High index Si

(5 5 12) Surface”, ICONSAT 2006, 16-18 March held at

Indian Institute of Technology, New Delhi.

81. Kumar Mahesh, Govind, Paliwal Vinod Kumar,

Shivaprasad S. M., “Formation of Sb nanowires on the

high index Si(5512) surface”, RIVA V, The Meeting of the

Iberian Vacuum Societies, held at Guimaraes, Portugal,

from 17th to 21st Oct., 2005.

82. Kumar Mahesh, Paliwal V.K. , Govind , A.G.Vedeshwar,

Shivaprasad S.M., “Strined Growth of Sb on Trenched Si

(5 5 12) Surface and its Strin Relaxation Modes”,

Proceedings of the 13th International workshop on

Physics of Semiconductor devices (IWPSD – 2005), Dec.

13-17 held at National Physical Laboratory, New Delhi.

83. Kumar Vinod, Pant R.P., Halder S.K., Gupta S.K.,

Sankarnarayanan V.K., Arora Manju and Singh Sukhbir,

“Preparation and investigation of superparamagnetic

particles of CoFe
2
O

4”
, International Conference on Nano

science & Technology  (ICONSAT-2006), IIT Delhi, New

Delhi, March 16-18, 2006.

84. Kumar Yudhisther, Kumar Ashok and Gupta Reeta,

“Design of a high frequency ultrasonic transducer for

high power applications”, National Symposium on

Acoustics, Bangalore, Dec. 14-16 (2005).

85. Kumar Yudhisther, Kumar Ashok and Gupta Reeta,

“Expression of uncertainty in ultrasonic velocity

measurement”, 14th National Symposium on

Ultrasonics, New Delhi, Feb 16-18 (2006).

86. Lal  C, Mathur  R B and Singh  B P, “Effect of electrode

filler materials on Carbon Nanotubes Synthesis by Arc

Discharge Technique”, 58th annual session of the Indian

Institute of Chemical Engineers(CHEMCON 2005), IIT,

New Delhi, India., December 14-17, 2005.

87. Lal  C, Mathur  R B, and  Singh  B P, “Synthesis of Carbon

Nanotubes by Chemical  Vapor Deposition method,

National Workshop in Hindi on ‘Material Science and

progress of applications, NPL, New Delhi, May 2005.

88. Lal  C, Mathur R B, Singh  B P and Pande  S,  “Growth of

Carbon Nanotubes on Tungsten Wire”,  MRSI

proceedings  Lucknow, Feb. 13-15  2006.

89. Madhavi Latha K., Badarinath K.V.S. and Gupta P.K.,

“Radiative effects due to biomass burning aerosols – a

study from tropical forests of India”, presented in Fourth

International Symposium on Non-CO2 Greenhouse

Gases (NCGG-4) Science, Control, Policy and

Implementation, Utrecht, The Netherlands, July 4-6,

2005.

90. Mandal T.K., Arya B.C., Jain S.L., Das Shompa, Bhatnagar

R.P., Parmar R.S., Garg S.C., Mitra A.P., Singh A.K., Yadav

Y., Addak A., Ghosh Sanjay & Raha Sibaji, “Study Of Trace

Gas At Darjeeling (Eastern Himalayas)”, First Workshop

On Astroparticle Physics And Space Sciences, Scope Of

The National  Facility In Eeastern  Himalayas, Bose

Institute, Darjeeling, November 3-5, 2005.

91. Mathur  R B,  Lal C, Singh  B P, Rao A M, Rao  R, Dhami  T

L, Pande S and Srivastava  A K, “Synthesis of MWCNTs by

Catalytic Chemical Vapor Deposition”, 58th annual

session of the Indian Institute of Chemical Engineers

(CHEMCON 2005), IIT,  New Delhi, India December 14-

17, 2005.

92. Mathur  R B, Agrawal  R K, Dhami T L, Dhakate S R,

Gupta  D K, Maheshwari  P H,  Lal C. and Pitchumani  S.,

“Studies on the development of carbon composites

bipolar  plate for fuel cell applications”, MRSI AGM,

Lucknow, February,  2006.

93. Mathur  R B, Pande  S, Singh  B P, Lal  C and Dhami  T L,

“Investigations on the Multi-Walled Carbon Nanotubes

Reinforced Polymer Composites”, MRSI conference,

Lucknow, Feb 13-15. 2006.
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94. Mathur R.B., “Synthesis methods of carbon nanotubes

and their growth mechanism” Continuous Education

Programme(CEP) at CSL-Hyderabad on Carbon

nanotubes and carbon nanotube reinforced

composites”, Advanced  System  Laboratories,

Hyderabad  Feb.21-23, 2006.

95. Maurya K.K., Halder S., Dutt M.B. and Chowdhury S.P.,

“High Resolution X-ray Diffraction Studies in

Phosphorus  Implanted and Un-implanted Ion-cut Silicon

Layers”, 35th National Seminar on Crystallography,  NPL,

New Delhi Feb. 22-24, 2006.

96. Meena N, Sobti, Singh N, K., Saini P, Kotnala R.K., Pant

R.P., Dhawan S.K., Bawa S.S.and  Kothari P.C., “Insitu

polymerization of Conducting Polymer in the presence

of nano ferromagnetic constituents” International

Workshop on the Physics of Semiconductors Devices

IWPSD, New Delhi, 2005.

97. Meenakshi Sundaram S., Parthiban S., Sarathi N.,

Kalavathy R. and Bhagavannarayana G., “HRXRD studies

of some organic impurities doped ZTS crystals”, Second

National Symposium on Crystal Growth of Laser related

materials held at SSN College of Engineering,

Kalavakkam, Chennai during 19-20th December 2005.

98. Meenakshi Sundaram S., Parthiban S. and

Bhagavannarayana G., “Effect of chelating agents on

ADP crystals, 35th National Seminar on Crystallography”,

NPL, New Delhi Feb.. 22-24, 2006.

99. Mehrotra Shalini , P.K. Sharma , Dilawar Nita , Kumar

Mahesh ,Shivaprasad S.M., Halder S.K. , Kumaraswamy

B V. and Bandyopadhyay A.K., “Vibrational Characteristic

of a few rare earth Sesquioxides”, Presented at the 13th

International workshop on Physics of Semiconductor

devices (IWPSD – 2005), Dec. 13-17 held at National

Physical Laboratory, New Delhi.

100. Mehrotra Shalini, Sharma P.K, Dilawar Nita,

Kumaraswamy B.V and Bandyopadhyay A.K., Rare Earth

Sesquioxides: A Raman Study, Presented at the MRSI

symposium, at Univ. of Lucknow in Feb. 2006.

101. Misra A, Kumar P and Kamalasanan M.N., “Optical and

electrical characterization of blue organic

electroluminescent aluminium- silicon complex”,

International Conference on Optics & Optoelectronics

(ICOL-2005), Instruments Research & Development

Establishment Dehradun, Dec. 12-15, 2005.

102. Misra A, Kumar P, Kumar L, Ganesh N, Gupta M, Dhawan

S. K., Kamalasanan M. N. and Chandra S, “Green emission

from Organic Light Emitting Diodes based on

Magnesium Complex”, XIII th International Workshop

on Physics of Semiconductor Devices NPL, New Delhi.

Dec 13-17. 2005.

103. N. Karar, Chander Harish and Kar M., “Origin Of Non-

Band Gap Luminescence in Pure Nanocrystalline ZnS”,

XIII International Workshop on Physics of

Semiconductor Devices (IWPSD-2005),  National Physical

Laboratory, New Delhi Dec 13-17, 2005.

104. Nirmali G., Baruah K.K., Bobby G. and Gupta P.K.,

“Methane emission from upland and low land rainfed

rice ecosystems grown at alluvial soils of north east

India”, Presented in Fourth International Symposium

on Non-CO2 Greenhouse Gases (NCGG-4) Science,

Control, Policy and Implementation, Utrecht, The

Netherlands, July 4-6, 2005.

105. Mohan P., “A new determination of the Volume Ratio of

the NPLI Static Expansion System”, presented as an oral

Talk at the AVS 52nd International Symposium, Boston,

USA, 30 Oct. to 4 Nov. 2005.

106. Pandey V.K. & Sethi N.K., Studies of Nighttime Plasma

drifts at a low latitude station over a solar cycle”, Paper

Presented in  XXVIIIth General Assembly of International

Union of Radio Science    (URSI)  held in New Delhi

during October 23-29, 2005.

107. Pant R.P., Halder S.K., Gupta S.K., Kumar Vinod and Singh

Sukhbir, “Annealing effects on nanocrystalline

superparamagnetic particles of CoFe
2
O

4”
, 35th National

seminar on Crystallography, NPL, New Delhi, Feb.22-

24, 2006.

108. Pant R.P., Shah J., Vinod Kumar, Manju Arora and Halder

S.K., “Studies on shielding effectiveness on ferrofluid

polymer composites”, Int. Conference on nanoscience

and technology, held at IIT Delhi, 16-18 March, 2006.

109. Panwar O. S.,  Khan Mohd. Alim, Satyanarayana B.S.,

Dixit P.N. and Khan M.Y., “Electron Field-Emission from

Tetrahedral Amorphous Carbon Films Grown Using an

S Bend Filtered Cathodic Vacuum Arc Process”, MITDISC

2005- National Conference on  ‘Devices Intelligent

Systems and Communications’, held at Manipal Institute

of Technology, Manipal    from Sept. 21st to 7th Oct.

2005.

110. Pasricha P K, Prasad M V S N & Sarkar S K, “Model

evaluation of evaporation duct height in the Indian ocean

using INDOEX observations”, Presented in 28th URSI

General Assembly (F01,P32, Poster), New Delhi, October

23-29, 2005.

111. Patrick J. Abbott, J.P. Looney and P. Mohan, A Study of

the variation of Sensitivity of Bayard-Alpert gauges as a

function of gas exposure, 4th CCM International

Conference on Pressure Metrology, 19-21 April 2005,

Institute of Physics, London, U.K.

112. Prakash Om, Gupta V.K., Yadav Sanjay and

Bandyopadhyay A.K., “Interlaboratory comparison in
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the pressure range up to 70 MPa using pressure dial

gauge”, Presented during National Symposium on

Instrumentation (NSI-30), Cochin, Nov. 30 - Dec. 2, 2005.

113. Prasad M. V. S. N., Dalela P. K., & Singh Rajendra, “Mobile

communication experiments in railway tunnels of

western India”, Presented in 28th URSI General Assembly

(F03, P37), New Delhi, and October 23-29, 2005.

114. Rama Rao T & Prasad M V S N, “Coverage capacity studies

for a CDMA cell in different radio propagation

environments”, Presented in 28th URSI General Assembly

(F04, P79), New Delhi, October 23-29, 2005.

115. Raman Swati, Mehrotra Ranjana and Kandpal H. C.,

“Experimental verification of Fresnel- Arago interference

laws” International conference on optics and

optoelectronics held at IRDE Dehradun held during Dec

12-15, 2005.

116. Raman V, “Synthesis of  nanomaterials through sol-gel

process” TATVA’06: seminar Nanotechnologyam, Delhi

College of Engineering, Delhi, 2006.

117. Ramesh Babu R., Vijayan N., Gopalakrishnan R.,

Bagavannarayana G. and Ramasamy P., “Studies on a

Acenapthene (C
12

H
10

) single crystals grown by melt”, 35th

National seminar on Crystallography (NSC-2006) held

at National Physical Laboratory during 22-24, February

2006.

118. Sarkar S. K.  & Kumar Anil, Cloud characteristics for

cloud attenuation over some selected locations in

tropical India, Paper presented in URSI, GA held in New

Delhi during 23-29 October, 2005.

119. Sarkar S.K. & Kumar Anil, “Performance deterioration

of communication systems due to cloud noise in

microwave and millimeterwave frequency bands”, Paper

presented in URSI, GA held in New Delhi during 23-29

October, 2005.

120. Sharma A D, Ravikumar Y, Krishna Reddy D & Prasad M

V S N, “Investigation of correlation and coherence

characteristics of LEO satellite signals”, presented in

28th URSI General Assembly (CP4, P97, Poster), New Delhi,

October 23-29, 2005.

121. Saxena K, Mehta D S, Srivastava R and Kamalasanan

M.N., “Luminescence Studies in Organic Light Emitting

Devices”, Optics & Opto- electronics (ICOL-2005),

Instruments Research & Development Establishment

Dehradun, Dec. 12-15, 2005.

122. Saxena K, Srivastava R, Mehta D S, and Kamalasanan,

M.N.  “Light Emitting Devices with Triple Layer Structure

of Small Organic Molecules, XIII International Workshop

on Physics of Semiconductor Devices, NPL, New Delhi,

Dec. 13-17  2005.

123. Sen S., Sreemany M. and Halder S.K., “Formation of

Nanostructured Pt/PZT/Pt Thin Film System by Radio

Frequency Magnetron Sputtering from a Stoichiometric

Target”, 35th National Seminar on Crystallography,  Feb..

22-24, 2006, NPL, New Delhi.

124. Senguttuvan T.D., Pareek Aparna, Singh Sukhvir, Singh

D.P., Samantha S.B., Malhotra L.K., “Effect of alcoholic

solvent on nanocrystalline Zirconium Oxide prepared

by inorganic sol-gel method” Work shop on sol-gel

derived thin films and devices, 17-18 June 2005.

125. Sethi N.K. & Dabas R.S., “B0, B1 Parameters derived using

digital ionosonde observations at New Delhi and their

comparisons with IRI-2001 model”, Paper presented in

XIV National Space Science Symposium (NSSS- 2006)

held at    Visakhapatnam during Feb. 9-12, 2006.

126. Sethi N.K. & Dabas R.S., “Study of Bottomside Total

Electron Content at a low latitude station derived from

digital ionosonde measurements”, Paper Presented in

.XXVIIIth General Assembly of International Union of

Radio Science (URSI) held in New Delhi during October

23-29, 2005.

127. Sethuraman K., Ramesh Babu R., Vijayan N.,

Gopalakrishnan R. and Ramasamy P., “Synthesis, Growth

of Organic nonlinear optical crystal: Semicarbazone of

2-Amino- 5-Chloro-Benzophenone (S2A5CB) and its

Characterization”, 35th National seminar on

Crystallography (NSC-2006) held at National Physical

Laboratory during 22-24, February 2006.

128. Shanker Virendra, Chander Harish, Haranath D., “R & D

of Luminescent Materials and Devices at National

Physical Laboratory, New Delhi”, The 2nd International

Symposium on Display Phosphor Materials (ISDPM’05),

10 Dec 2005, Waseda University, Tokyo, Japan.

129. Sharma Himani , Shailesh N.Sharma , Singh Gurmeet,

and  Shivaprasad S.M., “Effect of oxidation Induced

Surface State Formation on the properties of colloidal

state CdSe Quantum Dots”, ICONSAT 2006,  held at

Indian Institute of Technology, New Delhi 16-18 March

2006.

130. Sharma Himani , Shailesh N.Sharma , Singh Gurmeet,

and  Shivaprasad S.M., “Amine Induced Surface

Modification of TOPO- Capped CdSe Nanocrystals”.,

Presented at the 13th International workshop on Physics

of Semiconductor devices  (IWPSD – 2005),  held at

National Physical Laboratory, New Delhi Dec. 13-17 , 2005.

131. Sharma P., Ali Anwar, Karar N., Haranath D., Halder S.K.,

Chander H., “Structure related Photoluminescence

studies of Strontium aluminate Phosphors”, International

Conference on Materials for Advance Technology, July

3-8, 2005, Singapore.
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132. Sharma P.K. , Mehrotra Shalini ,  Dilawar Nita , Kumar

Mahesh Shivaprasad S.M., Halder S.K. , Kumaraswamy B

V. and Bandyopadhyay A.K. “High Pressure Raman

Investigation of SM
2
O

3
”, Presented at the 13th

International workshop on Physics of Semiconductor

devices (IWPSD – 2005), held at National Physical

Laboratory, New Delhi Dec. 13-17, 2005.

133. Sharma R., Halder S.K., Pant R.P., “Synthesis and

Characterization of ferrofluid relevance to application”,

Int. Conference on nanoscience and technology, held

at IIT Delhi, 16-18 March, 2006.

134. Sharma Rajnish, Kumar Sushil, Dixit P.N., Panwar O.S.,

George P.J., Rauthan C.M.S., Srivatsa K.M.K., &

Bhattacharyya R., “Diamond Like Carbon Films Grown

by Saddle Field Fast Atom Beam Source at Different

Substrate Biases”, Oral Presentation in  Materila

Research Society Symposium, Spring Meeting  held  at

San Francisco, California, USA) (Ref. No.T 1.3) from 31st

March- April 1st, 2005.

135. Sharma S.N., Bhagavannarayana G. and Chandra Mohan

S., “PL and Stress/Strain studies of porous silicon films:

Role of surface morphology of Si (100)”, International

workshop on Physics of Semiconductor Devices (IWPSD)

held at National Physical Laboratory, New Delhi during

December 13-17, 2005.

136. Shivaprasad S.M., : “The role of kinetics in heteroeptaxial

growth and the formation of superstructural phases

and self-assembled nanostructures: some examples”,

RIVA V, The Meeting of the Iberian Vacuum Societies,

held at Guimaraes, Portugal, from 17th to 21st Oct., 2005.

137. Shivaprasad S.M., “Hetero-Epitaxial Growth of Low –

Dimensional Phases and Nanostructures”, Presented at

the 13th International workshop on Physics of

Semiconductor devices (IWPSD – 2005),  held at National

Physical Laboratory, New Delhi Dec. 13-17 2005.

138. Singh .P., Awana V.P.S., Rashmi Nigam, Saxena R.B., Ansari

M.A., Gupta A., Peurla M., Halder S.K., Kishan H., Laiho R.

and Narlikar A.V., “Phase formation and

superconductivity of Fe-tube encapsulated and vacuum

annealed  MgB
2”

, 18th International Symposium on

Superconductivity, Tokyo, Japan October, 2006.

139. Singh D.P., Kumar Vinod, Pant R.P. and Halder S.K., “Novel

method of synthesis of Ga
2
Te

5
 Chalcogenide”, 35th Nat.

Seminar on crystallography, NPL, New Delhi Feb22-24,

2006.

140. Singh K., Meena N., Sobti N., Saini P., Dhawan S.K.,

Kotnala R.K. and. Kothari P.C, “Synthesis and

Characterization of electronically conducting polymers

incorporating magnetic particles”, National Conference

on Materials for Electrical, Electronic and Magnetic

Applications (MEEMA – 2005), Hyderabad, 2005.

141. Singh P.K., Kumar Sanjai, Kumar R. and Singh S.N., “A

New Method to Measure Lifetime in p-Silicon, 17th

Annual General Meeting (AGM) of MRSI, Feb. 13-15,

2006.

142. Singh Risal, Nath Shambhu, Tanwar R. S., & Singh

Sachchidanand,   Study of Erythemal Dose Variation

and Exposure time for different UV-B Dose levels at

Indian mainland and Antarctica”, XVIII URSI General

Assembly – 2005, New Delhi, India, during 23-29

October, 2005.

143. Singh Sachchidanand,  Srivastava Manoj K., Singh Risal,

Nath Shambhu & Tanwar R.S.,  “Impact of seasonal

variation of atmospheric aerosols on UVB and total

radiation flux over Delhi, XVIII URSI General Assembly

– 2005, New Delhi, India,  during 23-29 October, 2005.

144. Singh Sukhvir, Singh D.P., Mehra N.C. and Senguttuvan

T.D., “Effect of Solvent and Ageing on SnO
2
 nanoparticles

synthesized by inorganic sol gel method.”, Workshop

on sol-gel derived thin films and devices, 17-18 June

2005.

145. Singh V.P., Kaur K., Das P., Billore S.K., Gupta P.K. and

Parashar D.C., “Nitrogen cycling and trace gas (N2O &

CH4) fluxes in dry tropical leguminous agro-ecosystem

in central India”, presented in Fourth International

Symposium on Non-CO2 Greenhouse Gases (NCGG-4)

Science, Control, Policy and Implementation, Utrecht,

The Netherlands, July 4-6, 2005.

146. Srinivasan P., Charles Sathya Prakash A.R.,

Kanagasekaran T., Vijayan N., Gopalakrishnan R. and

Ramasamy P., “Investigations on the Growth, Structure

and Dielectric properties of N- (2-Chlorophenyl) - (1-

Propanamide) (NCP) Single crystals”, 35th National

seminar on Crystallography (NSC-2006) held at National

Physical Laboratory during 22-24, February 2006.

147. Srinivasan P., Charles Sathya Prakash A.R.,

Kanagasekaran T., Vijayan N., Gopalakrishnan R. and

Ramasamy P., “Synthesis growth and characterization

of N-(2-chlorophenyl)-(1-Propanamide) single crystals”,

Second National Symposium on Crystal Growth of Laser

related materials held at  SSN College of Engineering,

Kalavakkam, Chennai during 19-20th December

2005.

148. Srivastava A.K. and Kishore R., Electron Energy Loss

Spectroscopy, “A Technique for Nano – dimensional

Imaging with Analytical Measurements”, 5th

International Conference on Advances in Metrology,

New Delhi, February 23-25, 2005.

149. Srivastava A.K., Gupta N., Lal K., Sood K.N. and Kishore

R., “Effect of variable pressure on the growth of ZnO
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nanostructures”, International Conference on Nano

Science and Technology (ICONSAT), New Delhi, India,

March 16-18, 2006, 88.

150. Srivastava A.K., Lal K. and Kishore R., “Electron

microscopy and diffraction analysis of thermally

evaporated nano-structured thin films of In
2
O

3
 & SnO

2
”,

35th National Seminar on crystallography, New Delhi,

India, February 22-24, 2006, 249.

151. Srivastava A.K., Lal K., Sood K.N. and Kishore R.,

“Synthesis and microstructural aspects of

nanostructured thin films of ZnO – In
2
O

3
 composites”,

3rd International Conference on Materials for Advanced

Technologies (ICMAT-ICAM 2005), Singapore, July 3-8,

2005.

152. Srivastava A.K., Sood K.N., Kishore R., Samanta S.B., Basu

A., Garg S.C., Bhatt V., Pal P., Chandra S. and Bahadur H.,

“Structure-property correlation of nano-structured sol-

gel derived thin films of ZnO”, 35th National Seminar on

Crystallography, New Delhi, India, February 22-24,

2006, 197.

153. Srivastava Abhilasha, Jain Kiran  and Rashmi, “Effect of

Surfactant on Tin Oxide Films Prepared by Hydrothermal

treatment, International Conference on Optoelectronic

materials and Thin Films for Advanced Technology

(OMTAT2005)”, Cochin University, Kochi October

24-27, 2005.

154. Srivastava Abhilasha, Rashmi and Jain Kiran, “Size and

Shape Control of Nanocrystalline SnO
2
 using

Hydrothermal Treatment”, International Conference on

Nanoscience and Technology (ICONSAT2006), March

IHC, New Delhi 16-18, 2006.

155. Srivastava R and Kamalasanan M.N., “Green light-

emitting diodes based on Iridium complex as

phosphorescent guest”National Seminar on Recent

Advances in Electrical and Electronic Polymers, Banaras

Hindu University, Varanasi, Nov. 14th 2005.

158. Subrahmanyam P., Bahl Madhu, Maini H.K., Chopra

Parvati, John Thomas,   Singh Vishram, Singh  Dhan &

Garg S. C., “A Simple and reliable data acquisition system

for space borne scientific payloads”, National

Symposium on Instrumentation (NSI-30), Cochin

University of Science and Technology, Cochin, 30th

November, 1st & 2nd December 2005.

156. Subrahmanyam P., Jain A.R., Das Rupesh M.& Garg S.C.,

“Ion Density measurements using RPA Payload onboard

Indian Satellite SROSS-C2: A Comparison with the

Ground Based Measurements”, XIV National Space

Science Symposium (NSSS – 2006), Andhra University,

Visakhapatnam, 9 – 12 February 2006.

157. Subrahmanyam P., Jain A. R., Garg, S.C., Sethi N. K.,

Chopra P., Bahl M., Maini  H. K., John T., “Singh Vishram

& Singh Dhan, Validation of ion density measurement

using RPA payload onboard Indian satellite SROSS - C2”,

XXXVIII General Assembly of International Union of

Radio Science (URSI), New Delhi, India, October 23- 29,

2005.

158. Tanwar R. S., Bano Tarannum, Khan A. F., Singh

Sachchidanand, Garg S. C.  & Singh Risal, “Study of

relative variation in attenuation of visible solar radiation

reaching the earth surface”, XVIII URSI General

Assembly – 2005, New Delhi, India, during 23-29

October, 2005.

159. Titus S.S.K., Tiwari Arvind and Jain K.K., “Development

of Torque Transducer of 1000 N.m Capacity”, Presented

at NSI-30, Cochin, Nov. 30 – Dec.2, 2005.

160. Vasudevan V., Arivanandan M., Vijayan N.,

Bhagavannarayana G. and Sanakaranarayanan K.,

“Growth of vannilin single crystals by Cz technique for

frequency devices”, Fifth DAE-BRNS National Laser

Symposium (NLS-5), held at Vellore Institute of

Technology, Vellore, Tamil Nadu, during Dec. 7-10, 2005.

161. Vasudevan V., Arivanandan M., Vijayan N.,

Bhagavannarayana G., Sankaranarayanan K., “Growth

of 3-methoxy 4-hydroxy benzaldehyde (MHBA) single

crystals by Sankaranarayanan-Ramasamy method for

optical devices”, Second National Symposium on Crystal

Growth of Laser related materials held at SSN College of

Engineering, Kalapakkam, Chennai during 19-20th

December 2005.

162. Vijayan N., Bhagavannarayana G., Maurya K.K.,

Gopalakrishnan R. and Ramasamy P., “Growth and

Characterization of hippuric acid single crystal: Organic

NLO material”, International workshop on Physics of

Semiconductor Devices (IWPSD) held at National Physical

Laboratory, New Delhi during December 13-17, 2005.

163. Vijayan N., Bhagavannarayana G., Maurya K.K.,

Gopalakrishnan R. and Ramasamy P., “Growth and

characterization of organic nonlinear optical single

crystal of methyl p-hydroxybenzoate (p-MHB)”, 35th

National seminar on Crystallography (NSC-2006) held

at National Physical Laboratory during 22-24, February

2006.

164. Vijayan N., Bhagavannarayana G., Maurya K.K.,

Gopalakrishnan R. and Ramasamy P., “Studies on the

growth, structural and thermal behavior of L-alaninium

maleate single crystals”, 35th National seminar on

Crystallography (NSC-2006) held at National Physical

Laboratory during 22-24, February 2006.



Appendix - 1, Publications

okf"kZd izfrosnu 2005&2006106

165. Vijayan N., Bhagavannarayana G., Maurya K.K.,

Gopalakrishnan R. and Ramasamy P., “Structural, optical

and thermal behaviour of some nonlinear optical single

crystals”, Second National Symposium on Crystal Growth

of Laser related materials held at SSN College of

Engineering, Kalapakkam, Chennai during 19-20th

December 2005.

166. Vijayan N., Bhagavannarayana G., Maurya K.K.,

Gopalakrishnan R. and Ramasamy P., “Studies on the

growth and characterization of some nonlinear optical

and alkali halide single crystals”, National Conference

on Materials Science held at Periyar University, Salem

during February 16-17 2006.

167. Vinod kumar, Pant R.P., Halder S.K., Gupta S.K.,

“Preparation and investigations of super-paramagnetic

particles of CoFe
2
O

4
”, Int. Conference on nanoscience

and technology, held at IIT Delhi, 16-18 March,

2006.

168. Yadav Sanjay and Bandyopadhyay A.K., “Proficiency

testing (PT) program under NABL in the pressure range

7- 70 MPa using a dead weight tester”, Presented during

4th CCM International Conference on Pressure

Metrology, Institute of Physics, London, April 19-21, 2005.

169. Yadav Sanjay and Bandyopadhyay A.K., “Proficiency

testing (PT) program under NABL in the pressure range

7-70 MPa using digital pressure calibrator (DPC)”, NCSL

International Workshop and Symposium on Serving the

World of Measurement, Washington DC, USA, August 4-

8, 2005.

170. Yadav Sanjay and Bandyopadhyay A.K., “Traceability

chain and metrological infrastructure of national

hydraulic pressure standards”, Presented during

National Symposium on Instrumentation (NSI-30),

Cochin, Nov. 30 - Dec. 2, 2005.

171. Yadav Sanjay, Singh Manju, Prakash Om,

Bandyopadhyay A.K. and Singh V.R., “Ultrasonic studies

in high pressure working fluids for the hydrostatic

pressure measurements up to 1.0 GPa”, Presented during

National Symposium on Ultrasonics (NSU-XIV), New

Delhi, Feb. 16-18, 2006.
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