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Itis my pleasure to present the NPL Annual Report for the year 2007-08.
NPL being aprime laboratory for physics, the spectrum of its activities coversthe
areasof Nationa Standards, Material Sciencesand Atmospheric Physics.

Thisyear being the Diamond Jubileeyear, A special commemorativevolume,
whichwascompiledin 2006-07, highlighting sixty yearsof NPL enumeratingitshistory,
achievementsand futurevision, wasrel eased by our honorable Minister of Science&
Technology on 29" August 2007.

Advanced researchinimportant areas of physicsiscarried out under theDivisiona Structurecomprising
of seven divisonsnamely Physico-Mechanica Standards, Electrical & Electronic Standards, Engineering
Materids, Electronic Materials, Materia s Characterization, Radio and Atmospheric Sciences, Superconductivity
and Cryogenics.

While maintenance and upgradation of Nationa Standardsof M easurementsremainsthe statutory
responsibility of NPL (as mandated by the standards of wel ghtsand measuresAct 1956 and 1976 and under
the rules of 1988 for the standards wei ghts and measuresAct 1976), intensive R & D in frontier areas of
Physicsiscarried out under severa externally funded and in-house projects. With theinitiation of Network-
projects programme of CSIR, NPL hasbeen playing acrucia roleinmany of these projectsas can be seen by
theactivitiesreportedin thisReport.

IN2007-08 variousgroupsof the Standards Divison successfully participated in many inter-comparison,
issued 3164 calibration reportstoindustries, institutionsand accredited | aboratories, provided consultancy to
10 private/public entrepreneur in ol ving the metrol ogy rel ated problems, devel opment of primary & secondary
standards. Fourteen training programsin various parameterswere organized in collaboration, contributing to
the development of skilled man power inthefield of metrology inthe country aswell asneighbouring countries.

It is a matter of great pride that we have been awarded R& D project from Globa Automobile
Manufacturer, Genera Motors, withatota funding of morethan Rs. 1.00 Croreon* Devel opment of Advanced
Magnesium ExtrusionAlloys’. Thefirst phaseof thisproject has since been successfully completed and one of
thesgnificant achievements, even by internationa standards, hasbeen theenhancement of ductility of extruded
magnesium aloyswith dight addition of rareearth e ement. The second phaseisan extension ontheprocessing
of thisengineering materid, whichfindsincreas ng goplicationsin automobile, aerogpaceand dectronicindudtries.
Weall areawarethat one of the prime mandate of CSIR isto undertake projectsfrom Private Industry and
| am surethat many more such projectswith privatefinancial participation would emergein near future.

Under Electronic Materia s synthesis of phosphorsfor Plasma Display Panelsisbeing carried out
adongwith SAMTEL . New down-conversion phosphorsfor solid statelighting gpplicationsare being devel oped.
Photocurrent Generation Technique has been devel oped for minority carrier lifetime measurement. Synthesis
of novel polymer filmsof PEDOT-SDS having superior e ectrochromic propertiesisin progress. Formation of
antimony 1D structureson Si (5512) surface hasbeen achieved.
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Asapart of modernization of characterizationfacilities, recently astate of theart new HRTEM having
field emission gun (accel erating voltage up to 300kV) with EDA X attachment and STEM hasbeeningalled at
NPL . Itisan excellent tool for themicrostructural characterization of materialsat high magnification and
resolution upto lattice scale. A selectiverangetemperature sensor has been developed using ferrofluid. The
deviceiscapable of sensing very low temperature upto 5SmK. Asapart of the CRMs programme, three new
CRMson Stedl and Aluminahave been devel oped and released. Various organic, inorganic and semi-organic
non linear optica materiasincluding lithium niobate have been grown and characterized. SIM Sdepth profiling
of different Cu-Co hetrostructures have been carried out. The divisionisalso engaged in characterization of
R& D activitiesof other groupsof NPL and outside R& D ingtitutesand industries.

Characterization of theionized and non-ionized mediafor the purpose of betterment of varioustypes
of radio communication, navigation and other advance applicationsin Indian context isbeing carried out.
Studiesrelated to changing atmospheric environment, processes and impactsin respect of atmospherictrace
congtituents, green house gases, aerosol sand solar radiation involving tempora and spatid (includingAntarctica
and Arctic) measurementsand modeling are being made.

Lot of basic research in doped MgB, bulk superconductors with different
dopants like Al, nano-C, nano-SiC and nano-diamonds was carried out by thermoelectric power,
magneto-res stivity and magnetization measurements

Inthe human resource devel opment, NPL hasbeen contributing by providing facilitiesto sudentsfrom
Universities and other educational institutes for project-work and training. Over 200 students studying
M.Sc., M.E./M.Tech., MCA, B.E./B.Tech.etc. from variousinstitutes|ocated al over Indiahave undergone
short and long term training. Fiveresearch fellows on completion of their thesiswork have been awarded
Ph.D. Fourteen training courseswere organized wherelarge number of personsincluding participantsfrom
industry, other ingtitutionsand NPL participated. Besidesnumber of visitsby educationd ingtitutes/organization
to NPL werearranged.

During 2007-08, about 225 scientific and technical paperswere published in SCI journalsand 197
paperswere presented at various national and international conferences. Five patentswerefiledinIndiaand
fivewerefiled abroad. Ten patentsfiled in Indiaand eight patentsfiled abroad in previousyearsweregranted
during 2007-08. Thirty five new projects (sponsored and consultancy) were undertaken and 3164 calibration
reportswereissued, which contributed to generation of an ECF of about Rs.494 lakhs.

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 servicesfor their interest and co-operation. Last, but not theleast, | would liketo acknowledge
the contributions of the publication committee and the associated teamsin bringing out thisreport. Special
effortsmade by Shri Prem Chand, Sh. N.K. Wadhwaand Sh. R.G. Meenaare al so appreciated.

(Vikram Kumar)
Director
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Nationa Physica Laboratory isoneof thefirst Nationa Laboratoriesset up under CSIR. Itsfoundation
stonewaslaid by thefirst PrimeMinister of India, Late Pandit Jawahar Lal Nehru on 4™ January 1947. Late
Dr. K.S. Krishnan, FRS, wasthefirst Director of the laboratory. The main building was opened by thethen
Deputy PrimeMinister, Late Sardar Vallabhbhai Patel on 21% January 1950.

CHARTER

Themain objectives of NPL has been a) to establish, maintain and improve National Standards of
M easurements and to realize the Unitsbased on I nternational system, b) toidentify and conduct researchin
areas of Physics, which aremost appropriateto the needs of the Nation and for the advancement of thefield,
C) to assist industries, national and other agenciesin their devel opmental tasksby precision measurements,
calibration, development of devices, processesand other alied problemsrelated to physicsand d) to keep
itself informed of and studly critically the statusof physics.

CUSTODIAN OF NATIONAL STANDARDSOF MEASUREMENT

National Physical Laboratory hastheresponsibility of realizing the unitsof physical measurements
based on the International System (S units) under the subordinate legidations of Weights & MeasuresAct
1956 (reissuedin 1988 under the 1976 Act). NPL also hasthe statutory obligation to establish, maintainand
update the national standards of measurement & calibrationfacilitiesfor different parameters. The Seven Sl
base unitsaremetre, kilogramme, second, kelvin, ampere, candela, mole(mol) and the S supplementary units
areradian (rad) & steradian (3). Theother derived unitsfor physical measurement that thelaboratory currently
maintainsare: force, pressure, vacuum, luminousflux, sound pressure, ultrasonic power; ac voltage; current
and power; low frequency voltage; impedanceand power; highfrequency voltage; power; impedance; attenuation
and noise; microwave power; frequency. impedance; attenuation and noise.

NATIONAL APEX BODY FOR CALIBRATION

Thelaboratory providesapex leve calibration servicesinthe country; offering Nationa Accreditation
Board for Testing and Calibration L aboratories (NABL), the national accreditation body inthecountry (i) its
qualified assessors as needed for establishing best measurement capability of the applicant laboratory; (ii) its
technical input to enable NABL to decidethesuitability of the applicant |aboratory for accreditation, and (iii)
itsfaculty totrain testing laboratoriesfor estimation of uncertainty intheir measurements.

Besides, thelaboratory isengaged in devel opment Certified Reference Materiad sto ensure high qudity
measurement and traceability of analytical measurementsto national/international measurement system (Sl
unit) inorder to fulfill the mandatory requirement of quality systems (1SO/IEC -17025) and of theNABL .

MAJORACHIEVEMENTS

National Physical Laboratory hasto itscredit innumerable number of achievements, afew major
achievements are: a) Introduction of Metric system of measurementsin India, b) Development of Inddlibleink
—theinddiblecontributionto Indian democracy, ¢) Estimation of methane gasemisson from India—anationwide
measurement campai gn giving countrywide advantagein environment protection, d) Setting up apilot plant for
development of Electronic components (ferrites), whichled to setting up apublic sector Unit called Central
ElectronicsLtd. (CEL) in 1973, €) Development of know-how of the Electrostatic Photocopying machine
usingindigenous materiasandf) Indian Standard Time.
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The major thrust areasof R & D are

(A) Metrology
e Cdibration& Testing Servicesto Industries
e Electrica & Electronic Standards
e Physico—Mechanica Standards
e Metrology in Chemistry
e NanoMetrology
e Primary Standards
e Redizationof Sl units

(B) Materials
e Lightweight, highstrength metdlic materids
e Bulk nano metalic and Nano composite materials
e Carbon & Carbon composites
e Plasmaprocessed materials
e Organicand Inorganic Photovoltaic
e OrganicLight emitting diodes
e Conducting Polymers& Composites
e  Superconducting materia sand Superconductivity
e Fudcdls
e Smartwindows
e Sensors(Based on Bio, Gas, Chemicals, MEMYS)
e Advanced Characterization Techniques

(C) Radio and Atmospheric Sciences
e |onosphere& Troposphere
e  Atmospheric Environment
e Globa Climatecharge
e AntarcticaandArctic studies
e Radio- Propagation
e Communications (Fixed, mobileand marine)

ORGANIZATION AND MANAGEMENT

Thelaboratory has structured itstotal activitiesunder seven scientific decision units. Theseare: (i)
Physico-Mechanical Standards, (ii) Electrica and Electronic Standards, (iii) Engineering Materials,
(iv) Electronic Materias, (v) Materials Characterization, (vi) Radio and Atmospheric Sciences and
(vii) Cryogenicsand Superconductivity.

Inaddition, it has set-up ninesupport unitsfor itsorganization and management. Theseare (i) Director’s
Secretariat (i) Administration (iii) Finance & Accounts, (iv) Store& Purchase, (v) Library, (vi) Scientific
Support Services, (vii) Technica Support Services, (viii) Workshop and (ix) Central Computer Facility.

X



R & D GROUPS & MANAGEMENT

Physico-Mechanical
Standards

Electrical and Electronic
Standards

Engineering Materials

Electronic Materials

Materials
Characterization

Radio and Atmospheric
Sciences

Cryogenics &
Superconductivity

Xi

Director's Secretariat

Administration

Finance & Accounts

Stores & Purchase

Library

Scientific Support
Services

Technical Support
Services

Workshop

Central Computer
Facility




/002 ‘62 snbny - DHOLE T
o110un4 AJOIPS[eA uoirelge R 38|Igne .
uol .

PiE

I__. W g iy

WVEHIS Tidwy IHHS
0373,y

HSOLTROT Y384 g




Narional Physical Laboratory
"Diamond Qubilec Year' - 2007

Sixty yearsinthelifeof an Indtitutionisanimportant occasion and it dwaysholdsaspecia significance
for anIngtitution likeNationa Physical Laboratory, thelargest CSIR laboratory in India. On thisimportant and
historic juncturein thelife of thelaboratory, several conferences and eventswere organized as part of its
Diamond Jubilee Celebrations.

A functionwasorganized at the Physics Department, University of Delhi on 12th April 2007 at 15:30
hrsto commemorate the assumption of office of NPL at thislocation by the Founder Director of NPL, Sir Dr.
K.S. Krishnan. Onthisoccasion, Dr. Vikram Kumar, Director, NPL wel comed the audience comprising of
faculty of the University of Delhi, the NPL scientistsand other dignitaries. Prof. Deepak Pental, the Vice
Chancellor, University of Delhi wasthe chief Guest at thisfunction. Heunvelled aplaqueof Sir K SKrishnan,
whichwasinstalled onthewall outside theroom of the Founder Director.

LateDr.A.P. Mitra, former DGCSIR and also former Director NPL gavethekeynotelectureinwhich
he described the exciting eraof thelatefortiesand thefifties during which the Radio Science Division of NPL
carried out ground, rocket and satellite based ionospheric studiesasapart of the International Geophysical
Year (IGY). Dr.A.R. Verma, former Director, NPL in hispresidentia speech, gaveafirst hand account of the
first coupleof yearsthat NPL had itsoffice at the Physics Department of the DU.

The Diamond Jubilee celebrations were concluded on 29" August 2007 at a special valedictory
ceremony. Shri Kapil Sibal, Honorable Minister for Science & Technology, and Earth Scienceswasthe Chief
Guest whileProf. SK. Joshi, former DG CSIR and Former Director NPL, presided over thefunction. Former
Directorsof NPL and many distinguished dignitarieswerea so present at theoccasion

Onthisoccasion Tree Plantation wasdone by Honorable Minister Sh. Kapil Sibal, Former Directors,
Dr.A.R. Verma, Dr. SK. Joshi, Dr. Krishan lal and the present Director Dr. Vikram Kumar.

In hiswelcomeremarks, Dr. Vikram Kumar, Director NPL, recalled the valued contributions of his
predecessors and the staff in building up thelaboratory, bringing it to the present state. Dr. Kumar said that
during all theseyearsthe laboratory had strived to realize the hopes expressed by itsfounders by not only
fulfillingits primary mandate asakeeper of measurement standards, but also by substantially expanding its
research activitiesin areas of importanceto our country and itsindustrialization. He named several important
technologiesdeveloped at NPL during thelast six decades.

After thepresdentid remarksby Dr. SK. Joshi, theHon' bleMinister released aspecid Commemorative
volume “ ke Legacy Continues’ , highlighting sixty years of NPL (1947-2007) enumerating its history,
achievementsand futurevision. Mementoeswerea so givento all the staff membersof NPL.
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TheHon’ble Minister started hisaddress by thanking for being invited for the special occasion of
Diamond Jubilee cel ebrationsof NPL and congratul ating the NPL family onthe occasion reca ling theglorious
past of the laboratory. Talking of NPL he said that though he was not a scientist himself but realized the
importance of accurate measurementsin al walksof life. He said that one could standardize something only if
he could measureitsphysicd attributes, whichisessentia for successful commerciaization. Heexemplified his
satement by quoting Lord Kelvinthat if you can measureit, you canimproveit, because unlessyou know what
to measure, you do not know what improvementsarerequired.

Further he divided the 60 years of NPL’sexistenceinto different erasasthe” Formativeera’, the
“Eraof consolidation” and the“New millennium Era” Moving from history to the present he said that we
must know what we are going to be confronted with. He said that he wastold that there was atime when
NPL was like a showpiece of country. It was the time when NPL was the Mecca for dignitaries and
whosoever cameto Indiaor New Delhi visited NPL. Hefurther said that therewere many firststo NPL's
creditlike, R& D intheareasof carbon, ferrite and solar energy. He asked the scientistsand staff to endeavor
to bring NPL to greater glory.
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PHYSICO-MECHANICAL STANDARDS

Phys co-Mechanica StandardsDivisonisoneof seven R& D Divisonsof Nationd Physica Laboratory,
India Thedivision condtitutes of mechanica measurement activitiesinvolving the parameters of

1
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Mass, Volume, Density and Viscosity Standards

Length and Dimension Standards

Temperature and Humidity Standards

Optical Radiation Standard (visibleinfrared and ultraviol et regions)
Force, Torque and Hardness Standards

Pressure and Vacuum Standards

Acoustic and Ultrasonic Standards

Fluid Flow Standards (Water medium only)

Shock and Vibration Sensors

Thedivisionisrespons bleto establish, maintain and continually upgrade the National Standards of
M easurementsrel ated to above said activities and disseminatesthe standards by providing the apex level
cdibration servicestotheindustry and indtitutionsof the country and thusensuresthetraceaility to measurements
made by these.

NPL, Indiaisthesignatory of theMutua RecognitionArrangement (MRA) of BIPM andthecalibration
and measurement capabilities(CM C) of most of theactivitiesareavailable on BIPM website (www.bipm.org).
Theaboveactivitiesparticipatedin 07 international inter-comparison organized/ coordinated by BIPM
and or APMP (AsiaPecific Metrology Program) / RMOs (Regiona Metrology Organization of Asanregion)

regularly.

New measurement facilitieswere created to disseminate with improved measurement uncertainty to
user industriesby establishing thefollowing primary/reference standards:

One kg mass Comparator
Traceability of the Flick Standard with Laser I nterferometer

Measurement of Type-S& R thermocouplesto develop Standardsthermocouplesin therange
1000-1600 °C

Variable Temperature blackbody primary standard of spectra radiance
VickersHardness Primary Standard
Fully automated fluid flow primary standard based on gravimetric method upto 60K litre/hr.



In order to expedite the process of establishing the network of National M easurement System, the
scientistsof thisdivison helped National Accreditation Board for Testing and Calibration Laboratories(NABL)
astheLead and Technica Assessorsin ng technical capabilitiesof severa laboratories.

In order to maintain the uniformity in measurement capabilities of different industries operatinginthe
samearea, well regul ated proficiency testing program was organized in collaboration with NABL.
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MassSandards

Under the Network Project a new one kg
mass Comparator from M/s SartoriusAG Germany
Mode CC-1000S-L hasbeen procured andinstalled
during the year. The comparator has its maximum
capacity 1 kg and repeatability of 2 ug. Using this
new Mass Comparator, four 1 kg transfer standards
have been calibrated against the national prototype
kilogram with improved overall measurement
uncertainty of 28 ug against existing CMC at 40 g
clamed in our CMCs of Appendix C of BIPM
Database.

In continuation of organizing, coordinatingand
working as a Pilot Laboratory in APMPM.M.K2
inter-comparison in mass measurements, after
completion of the final circulation, the travelling
standards have been recalibrated against the check
standardsand study of their stability for about three
months have been carried out. After this study the
measurement results were analyzed and Draft A
Report of thisinter-comparison was prepared and
circulated among the participantsfor their comments,
if any. In consultations with the participated
laboratories Draft B Report isunder preparation.

Under SAARC-PTB Technical Cooperation
Programme, oneweek Training tothegaff of Nationd
Bureau of Standards& Metrology (NBSM) of Nepal
and to the staff of Measurement, Units, Standards
& ServicesDepartment (MUSSD) of Sri Lankawas
givenonste.

L ength & Dimension Sandards

Length & Dimension Standards Group has
developed a new methodology using image
processing and wavel et transform is devel oped to
measurethe size of thewiresievesand their spacing.
Wire sievesare used in pharmaceuticals/chemical
indugtriesfor filtering thegrainsof chemica powder.

Experimental results show that the diameter and
spacing of the wire in the sieves can be measured
with the accuracy of 1um and uncertainty of
measurement of + 1 um at 95% confidence level.
Themethod isalso found suitablefor detecting any
missingwireor any other defect like bending or kink
in the wire. In this techniques wavelet transform
(Symlet wavel et) analysestheimageof Seveinsuch
a way that the discontinuity (cracks, defects,
nonuniformity) can be detected more precisely and
the spacing/ wire diameter can be measured
accurately. Oncetheimage hasbeen acquired and
goredinthecompuiter itisavailablefor off lineandyss
of the sieve sample. Discrete wavelet transformis
used to analyzethe acquired imageasshowninFig.
1.1. The two-dimensional wavelet transform
decomposes the image in horizontal, vertical and
diagona componentsat different levelsof intengties
containing mesh informeation content asshown bel ow.

The Indian patent (Indian Patent 197541)
titled“ An gpparatusfor measuring Sevedimensions
and amethod thereof” hasbeen granted and the copy
right (SW-2353) of the software entitled “ Gauge
Block Interferometry” hasa so been obtained through
CSIR, New Ddhi. Technology transfer processisin

progress.

Original image of sieve 1

Original image of sieve 2

Vertical component of sieve 1 Vertical component of sieve 2

Horizontal component of sieve 1

Horizontal component of sieve 2

Fig.1.1: Original and analysed images of the wire

sieves
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The Group aso participated inthefollowing
intercomparisons.

APMPLK 5: Step Gauge Measurement: 620
mm: APMPcomparisonfor the 3 step gaugeof length
620 mm hasbeen completed. InthisnineNMIshave
participated and KRISS Korea was the Pilot |ab.
Resultsof the measurements have been submitted to
thePilot lab. Thefind reportisawaited.

APMP LK 3: Angle Gauge Blocks and
Polygon measurement: 4Angle Gauge Blocksof size
52, 5¢, 30¢ & 5° and one polygon. Thirteen
laboratories are participating.

APMP DEC INTERCOMPARISON:
Cdlibration of Gauge Blocks: (5 steel & 5tungsten
carbide Gauge blocks) completed. Final report is
awaited.

SAARC PTB: Cdlibration of 10 steel gauge
blocks: M easurement completed and dispatched to
next country inprogress. NPL IndiaisthePilot Lab.

APMPLK 6: Cdlibrationof CMM Ball Plate
& Hole Plate (Two D artifact): Measurements
completed and theartifacts have been dispatched to
NMI Japan that isthepilot laboratory. Final reportis
awaited.

Temperature& Humidity Sandards

A new facility for calibration of high
temperature noble metal thermocouples has been
created in therangefrom 1000 °C to 1600 °C. Now,
standard thermocouples of Type-S, R & B could
possibly be calibrated inthe overal rangefrom Oto
1600°C. Thefacility wascreated for thefirst timein
Indiato provideapex levd cdibration and traceability
toNABL accredited laboratoriesal over the country.

Fig.1.2(a): Measurement setup and automation in
thermocoupl e calibration, range 0-1600 °C

The calibration of thermocouplesby inter-
comparison method against standard thermocouple
has been automated using embedded server
technology starting from controllingthe HT furnace,
data reading of 8-thermocouples at a time, data
analysis, evaluating of uncertainty inthecalibration
for each thermocouple and finally generating the
calibration certificate/report in the prescribed format
asshowninFig. 1.2 (a).

A new facility shown in Fig 1.2 (b) for
calibration of infrared total radiation pyrometershas
been established in the range from 50 °C to 1300 °C.
The work is under progress to inter-compare the
precision measurementswith contact aswell aswith
non-contact standard thermometers.

Fig.1.2(b): Calibration set-up for infra-red radiation
thermometers, range 50-1200°C

The temperature scale from —189.3442 °C

t0 961.78 °C has been established at NPL with all

thefixed pointsasper ITS-90 by redizingtriplepoint

of argonwith an expanded uncertainty of £ 1.12m°C.
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Optical Radiation Sandards

Source based primary standard of spectral
radiance in the form of a variable temperature
blackbody has been established. This blackbody
worksinthetemperature range of 1800K —3200K
with temperature stability of £ 0.2K. Itsemissivity is
0.999, and exhibitsradiance uniformity within 0.1%,
in the wavelength range 0.2 um-2.5 um. The
uncertainty in spectral radiance measurement using
thisblackbody is0.3-0.5%in thewavelength range
0.2 um-0.4 um, and 0.1-0.3% in the wavelength
range0.4 um-2.5 um, respectively. Theestablished
facilityisshowninFig. 1.3.

Fig. 1.3: Set up of the Black Body

TheGroup hasdso participated intheAPMP
Sponsored Key Comparison (CCPR K4.x) on
luminousflux with lampsastransfer standards. The
transfer standardsin the form of three Polaron LF
200 W incandescent lamp having identification nos.
asP591, P592 and P593 were procured from NPL,
UK. Calibration facilities for the photometric
parameters were extended to various lamp and
lightingindudtries Rand D indiitutionsetc. Cdibration
and Measurement facilitiesinair UV spectrd region
weremaintained and extended to user industriesand
inditutions.

Basic research on optical coherencefor its
application on encoding and information processing
has been pursued further.

DST sponsored project on “ Sudieson theeffect
of dynamic multiple scattering on thefrequency
shift of spectral linesand applications’

Experimental studies were conducted to
study the shift of the spectral linesdueto dynamic
scattering by producing a gaseous medium whose
didectric susceptibility wasafunction of both space
andtime. Doppl et-likewave ength shift of the spectra
lines emanated from some discharge lamps was
observed despite that the source, the scattering
medium and the observer were at rest. Results
obtained have been published and presentedinvarious
forums. The project hasbeen completed successfully
and final report has been submitted to DST, New
Ddhi.

Space Application Sponsored project on
“Development of Calibration-Validation (CAL-
VAL) siteat Kavar atti | land”

Inthisparticular project alaboratory hasbeen
devel oped at theK avratti idand for spectra radiance
and spectral irradiance calibration of hyperspectral
radiometersprocured by SAC, Ahmedabad for ocean
color studies. Thisisone of the achievementsof the
project. Fundamental research for determination of
theimmersion factor at variouslevelsof water and
varioustype of water wasa so carried.

On-line approach to non-contact IR sensor
technique for estimation of sugars and its
byproducts

In the present work infrared spectroscopic
techniqueisinvestigated asargpid and nondestructive
dternativeof chemica methodsfor thedetermination
of organic acidsand sugarsinfruitjuices. It allows
the s multaneous quantification of glucose, fructose
and sucrose in fruit juices to make carbohydrate
analysis in fruit juices more amenable to routine
measurements. Furthermore, themain organic acids
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infruitjuices, citric acid and malic acid have been
monitored by thistechnique. A successful calibration
model isdevel oped with onehundred and twenty five
synthetic samples that yield good correlation
coefficient. Theinfrared spectroscopy bothin mid
infrared and near infrared regions allows non-
destructive, rapid and accurate analysisof sugarsand
organicacidsinjuicesand could beappliedinquality
control of beverages.

I nfrared spectroscopic sudy for tumor diagnosis

Infrared spectra of normal and malignant
breast tissues are measured in the 600 cnm* to 4000
cmr region. The measured spectroscopic features
which arethe spectroscopic fingerprintsof thetissues
containthevital information about themalignant and
normal tissues. Thenovety of thisstudy isthat from
the spectroscopic data we could differentiate
malignant tissuefrom the normal one. We analyzed
Fourier Transform Infrared (FTIR) dataon twenty
five casesof infiterating ductal carcinomaof breast
with different grades of malignancy from patientsof
different age groups. Infrared spectrademonstrate
significant spectra differences between the normal
and thecancerousbreast tissues. In particular changes
infrequency and intensity in the spectraof protein,
nucleic acid and glycogen vibrational modesaswell
astheband intensity ratiosfor lipid/proteins, protein/
nucleic acids, protein/glycogen are observed. This
alowsusto makeaqualitative and semi quantitative
eva uation of thechangesinproliferation activity from
normal to diseased tissue.

Switchinglight with light

Theoretical analyses of laser induced
nonlinear absorption processesinrhodopsin protein
mol eculeshave been performed. Theresultsvaidate
the feasibility of all-optical switching operation
‘Switching light with light’, in these protein
moleculesin very Ssmplepump-probegeometry. The
switching speed hasbeen shown to beenhanced from
milliseconds to nanoseconds time scale. The

performance of the switchintermsof contrast has
al so been enhanced by optimizing the concentration
of molecules.

Forceand HardnessSandards

The Dead weight forcemachineintherange
5-50 N devel oped earlier was extended to alower
rangeof 1 N usngaspecidly designed hanger made
fromauminiumaloy. Thisfully automated machine
has been characterised intherange 1 to 20N using
2N, 3N, 5N, 10N and 20N force transducers and
typical calibration results are shown in Fig.
1.4 (a) & 1.4 (b). The observed repeatability and

0012 m
0.010 =
0.008 <
0.006 =
0.004 =

0.002 = k

0.000 T T T 1
0 5 10 15 20
Applied Load (N)

Relative deviation (%)

Fig.1.4(a): Relative Repeatability deviation as measured
in50 N dead wt force machine (%)

0.0250 =
0.0200 =
0.0150 =

0.0100 =

Relative deviation (%)

0.0050

0.0000 T T T ] T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
Applied Load (N)

Fig. 1.4(b): RelativeReproducibility deviation asmeasured
in 50 N dead weight force machine (%)
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reproducibility deviationsare below 50 ppmfor all
thetransducersinthe range 50%to full scale, thus
establishing the suitability of the dead weight force
mechineasreferenceforce calibration machineinthe
range 1N to 20 N.

A very low for cemeasuring system based
on the principle of electromagnetic force
compensating balance has been designed and
fabricated for calibration of milli-Newton uptofew
Newtonforces(Fig.1.5). Thesystemisasophigticated
mechanical set up comprising of avibrationisolation
table, opticaly flat marbletable-toptoensureprecison
levellingand vertica aignment of thesystem, double
walled temperature stabilized transparent enclosure,
sub-micron precision trandation stage, etc. The
evaluation of the systemwith low forcetransducers
isinprogressincluding thetraceability from the dead
weight force machine, mentioned as above in the
region 1-20N, by using theresultsin the overlapping
region.

Fig.1.5: Low force measuring system

The 2.1 MN build-up system calibrated
directly against NPL 1 MN reference standard
machine was used to evaluate the metrological

performanceof the2 MN hydraulicforcecdibrating
machine. This work has enabled to have the

traceability of the high capacity forcehydraulic
calibrating machinein-houseupto 1 MN, which
was so far based on transfer standard calibrated by
PTB.

Cadlibration of non-conventiona flangetype
torquetransducersfromindustry, belongingto class
below 0.5, as per DIN standard No. 51309, was
carried out ontorque primary standard machineusing
a newly designed and developed adaptor. Such
transducerswere sofar being caibrated on reference
torque standard machine, whichissuitable only for
class0.5 and above. Calibration results of atypical
commercia transducer showing dass0.1for dl torque
valuesuptofull range of 2000 Nm are depictedin
Fig. 1.6.
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Fig.1.6: Metrological characteristics of flange type

class 0.1 torque transducer

The proficiency-testing program in
tor que measurement was initiated. Survey of the
interested /participating NABL accredited
|aboratorieswas completed and thetechnica protocol
for proficiency testingwasfinalised. A training program
of the participating laboratories in torque wrench
calibration is being planned before start of the
circulation of theartefacts.
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Consultancy projects funded from the
Department of Weightsand M easures, Ministry of
Consumer Affairs, have been undertaken costing
approx. morethan 3 croresto design, develop and
fabricate primary and secondary standard machines,
for force aswell astorque parameters, to upgrade
the calibration capability of Regional Reference
Standard Laboratories. Itisemphasized herethat for
verificationof UTMsof classl, itisrequiredtouse
force proving instruments of at least class|. There
are no NABL accredited calibration laboratories,
except one, in the country, which can undertake
calibration of forceinstrumentsof classl. NPL is
therefore under alot of pressureto carry out lower
level calibrationwork for suchinstruments. Inorder
to mitigatethispressure, NPL decided to undertake
thisproject to design, develop and fabricateasmple,
portableand user friendly force calibrating machine
up to 50 kN, which can be used for calibration of
suchclass| force proving instruments. A prototype
of the designed and devel oped machineisshownin
Fig.1.7. Thismachineworksontheprincipleof force
comparison using adoubl e acting hydraulic-piston
cylinder applying simultaneously the force on the
DUC and the reference force transducer in series.

Fig. 1.7: Force calibrating machine up to 50 kN based

on force comparison principle

Thiswork done will expedite calibration of force
proving devices of class| by theforce calibrating
laboratories and at the same time reduce the
calibrationwork burden of NPL.

The Vickers hardness primary standard,
established last year, waseva uated for itscdibration
and measurement capability to be better than 0.5%
for all scales HV1 to HV100 over most of the
measurement range. The calibration procedure of
Vickers hardness was finalised and calibration of
Vickershardness standard blockswas commenced
for jobsfromindustry to providetraceshility in Vickers
hardness, which was so far not availableto Indian
industry.

Theforceand hardness standardsfacility is
providing national traceability inforce, torqueand
Rockwell hardnessthrough the calibration of force
and torque measuring devices and hardnessblocks
to varioususersfromindustries, defence and other
government organisations and also from foreign
countriesincluding Kuwait, Oman and Nepal. The
facilitiesare being used extensively, whichiswell
reflected in the ECF of Rs 53 lakhs (approx.) and
thenumber of calibration reportsissued as513.

Two technical personnel from Afghanistan
Standardization Authority weretrained in For ce,
Torqueand Hardnessmeasurement. A Training
programwasa so conducted for the staff from KIM-
LI, Indonesia, theNMI of Indonesia, in Forceand
Torque metrology. The 2" Indo-Italian Training
programin Force, M ass, Pressure, Vacuum and
Torque Metrology was conducted during 18-22
Feb. 2008 at NPL, wherein 59 participants, including
15 from ten devel oping countriesand 44 from India
attended.
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Pressureand Vacuum Sandar ds
Vacuum Sandards

Characterization of GasOper ated Piston Gauge
against UM, theNation Primary Standar d:

We have evaluated of measurement
uncertainty using:
(@ M ethod of Effective Area Estimation of
Piston-Cylinder assembly

Preparation of Uncertainty Budget

Determination of Coverage Factor for the
required confidencelevel

Estimation of expanded uncertainty

Q(0.05 Pa, 0.000828 % of reading) at
k=2.

(b) M ethod of Direct Comparison
Preparation of Uncertainty Budget

Determination of Coverage Factor for the
required confidencelevel

Estimation of expanded uncertainty

Q(0.05 Pa, 0.0008 % of reading) at
k=2

Bilateral Comparison between NI ST, USA and
NPL, India

The Artefact came from NIST, USA
cong sted of four numbersof Resonant Silicon Gauges
—(RSGs) housed in IGLOU. Thesefour RSGsare
: RSG #A : Range: 0to 10 kPa (abs); RSG #B :
Range: 0 to 10 kPa (abs); RSG # C : Range: 0 to
130 kPa(abs) and RSG # D : Range: 0to 130 kPa
(abs). Wehave collected the dataas per the protocol
whichisagreed upon by both thelaboratories. The
precise measurements included the collection of
minimum ten zero datainitially for each set, eight
pressure points (RSG #A and RSG #B) intherange

0to 10 kPa(abs), five data pointsin each Pressure
points, twelve Pressure points (RSG # C and RSG #
D) intherange0to 130 kPa(abs), five datapointsin
each Pressure pointsand ten sets of datacollection
over aperiod of threemonths (Jan—Mar, 2008) and
finaly, fivesetsrequired for each RSG (4 Nos). The
compilation of collected data and analysis is in

progress.
In-housecalibration of referencestandards

A large numbers of reference standards
namely SRGs(NPL-0, NPL-1, NPL-5), CDGs(100
torr abs (2 nos.), 10 torr abs, 10 torr diff, 0.1 torr
(abs.)), Resonant silicon gauges, Digital pressure
indicator have been carried out for useon our primary
standards and for customer gauge calibration.
Resuming of calibration service of Standard L eaks
for industry. We have fabricated an Igloo package
capable of housing our reference gauges at NI ST,
USA. Thispackage hasbeen given by NIST, USA
asafreegifttoNPLI.

Sudieson thebinding energy of H,O and H, on
SS surfaces.

Two methodswereadopted for thispurpose:
in the first method, TPD studies were conducted
whileinthesecond, actua desorption speciesof gas
evolved during bakeout of a UHV system were
monitored at NIST, USA.

Pressurestandards

Draft report of key comparison APMP.M.P-K6

Theregiona key comparison APMP.M .P-
K 6 for pressure measurementsin gasmediaandin
gauge modefrom 20 kPato 105 kPawas piloted by
the Pressure and Vacuum Standards of NPLI,
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New Delhi. Thetransfer standard was a pressure-
ba ancewith apiston—cylinder assembly withnomind
effectivearea335.7 mm? (TL-391). Ninelaboratories
from the APMP region; namely KRISS (Korea),
NMI (Australia), NMI (Japan), MSL (New Zedand),
SPRING (Singapore), NML-SIRIM (Malaysia),
SCL (Hong Kong) and NMI (South Africa) with one
specidly invited laboratory from the EURAMET
region, namely Physikalisch-Technische
Bundesanstalt (PTB), Germany, participated inthis
comparison. Theobtained datawere compiled and
processed under the same program as per the
Consultative Committee for Mass and Related
Quantities(CCM)/BIPM guidelinesand establisha
link with CCM.P-K 6 through thelink [aboratory PTB
(Germany). Figure 1 showsthedegree of equivaence
between CCM.P-K 6 key comparison participants,
namely NMi-VSL(The Neither land), METAS
(Sweden), PTB (Germany), NIST (USA),
NIM(China), NPL (UK) and NRC(Canada) with the
APMP participantsmentioned above. Theseresults
show an excellent agreement of all participating
laboratories within the estimated expanded
uncertaintiesusing acoveragefactor k=2 (Fig.1.8).

100 kPa
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Fig.1.8: Summary of results for the degree of

equivalence for each NMI with respect to the
key comparison reference value for CCM.P-
K6 (red mark) and APMPM.P-K 6 (green mark).

Theeffect of pressuretransmittingfluidsinthe
characterization of acontrolled clearancepiston
gaugeup to 1.0 GPa

The studieswere carried out on the effect of
different pressure-transmitting fluids (PTFs) onthe
systematic characterization of an oil-operated
controlled clearance piston gauge (CCPG) (nominal
diameter of the piston, 2.5 mm) inthe pressurerange
up to 1000 MPa (1GP4). Pure and mixtures of
different PTFsarestudied and four will bediscussed
here; namely, (&) purenormal hydraulicoil (J-13),
(b) mixtureof J 13 and aviation turbinefud (ATF),
(JATF), (c) puredi-ethyl-hexyl-sebacate oil (BIS)
and (d) the mixture of white gasoline (G), J13and
sebacate (GIBIS).

The characterization isthe measurement of
thefal-rate of the piston asafunction of appliedjacket
preesure(pj) with various PTFsusing the method of
Heydemann and Welch (HW model). Theanalysis
of theresultsisthe determination of the cuberoot of
thepistonfall-rate (v*) with p, at different |oads or
measured pressures(p_). Thelinear portion of this
Ve — p curve isextrapol ated towardsthe null value
of fal-rate, and the stall jacket pressure (p,) at
different p_isobtained. Itisobserved that reasonably
good fall-rate datacould be obtained for J-13, JATF
and BI S up to maximum pressuresof 500 MPa, 700
MPa and 650 MPa, respectively. For GIBIS, this
fall-rate data can be obtained up to a maximum
pressureof 1 GPa. Fromthevaluesof p, at different
p,,and alsothevalues of jacket pressure coefficient
(d) dong with other characteristic parametersinthe
HW mode, we have determined therel ative standard
uncertainties in the effective area (u(Ae)/Ae) for
GIBIS up to 1 GPafor p =0 (free deformation
mode) and P Ip,,=0.3. Itisinteresting to note that
for p= 0,atap, of 100 MPa, u(Ae)/Aeis74x 107,
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whileat ap_of 1 GPa, u (Ae)/Aeis 248 x 10°°,
However, for P Ip,,=03,aap_of 100MPa, u(Ae)/
Aeis67x 10° whileatap_of 1GPa, u(Ae)/Aeis
125 x 105, A comparative study of u(Ae)/Ae has
been el aborated with thefour PTFsinvestigated. We
have shown that at ap_ of 100 MPa, u(Ae)/Aeis
202 x 10, 114 x 10°°, 66 x 10° and 67 x 10°°, for
J13, JATF, BISand GJBIS, respectively, whileat a
p,, of 500 MPa, u(Ae)/Aeisseento be 97 x 10,
57 x 10°%, 46 x 10 and 56 x 10 for J13, JATF,
BIS and GJBIS, respectively. Our measurements
show that GJBISisaconvenient PTF for working
upto 1 GPa Findly, theresultsof the characterization
arecompared withthe NPLI pressure scalethrough
calibration of aNPLI secondary standard whichis
traceabletothe LNE (France) pressure scaethough
direct comparison and participation in a recently
concluded bilateral comparisonwith NIST (USA).

Char acterization of ahydraulic Piston Gaugeup
to 50 MPa

We have evaluated of measurement
uncertainty of anewly acquired Piston gaugefrom
0.1 MPato 50 MPausing the method of crossfloat
with referenceto the nationd secondary standard and
determine effective Area of the Piston-Cylinder
assembly. Evaluation of measurement uncertainty
shows that the relative expanded uncertainty is
<43x10%atk=2.

Coordinated and completed three proficiency
testing

NABL -Pressure-PT005: This PT is
organized for thelaboratories having measurement
capabilities better than 0.25 % and coarse than
0.05% of full scaleusing digital pressure calibrator
asanartifactinthepressurerange 7—70 MPa. The
second phase of the PT isaready completed during
March 2007. There are total 23 participating

laboratories. All the laboratories have performed
measurement during and the results are being
compiled.

NABL -Pressure-PT006: ThisPT isadready
completed. It was organized for the laboratories
having measurement capabilitiescoarsethan 0.25 %
of full scaleusing pressuredia gaugeasanartifactin
the pressure range 10— 70 MPa. There were tota
17 participating laboratories. During the period under
report, final report is prepared and submitted to
NABL. Out of the total 159 measurement results
reported, 135 (84.91 %) measurement results are
found in good agreement with the results of the
referencelaboratory, NPLI, New Delhi, inthe present
case.

NABL -Pressure-PT007: ThisPT isaso
completed. It wasa so organized for thelaboratories
having measurement capabilitiescoarsethan 0.25%
of full scaleusing pressuredia gaugeasan artifactin
the pressurerange 6 —60 M Pa. Thereweretotal 17
participating laboratories. During the period under
report, final report is prepared and submitted to
NABL. Out of the total 117 measurement results
reported, 95 (81.2% ) measurement resultsarefound
ingood agreement. Overdl, theresultsare consdered
to be reasonably good, being the first proficiency
testing for most of the participating laboratories.

High pressurepneumatic controller installed and
tested to 250 bar

For the upgradation of pneumatic pressure
facility apneumatic pressureintensifier dongwitha
high pressure gas controller/calibrator were
successfully installed and tested upto 250 bar. These
along with our newly procured high pressure piston
cylinder assembly would enhance our pneumatic

capability.
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Basicsof ANSY Ssimulation softwar eutilization

Prdiminary ANSY Sanaysswascarried out
for pneumatic piston cylinder assembly wherein Finite
Element Meshing wasemployed to smulatethestress/
strain on the piston cylinder assembly and also the
distortion in the cylinder under the influence of
pressure upto 8 GPa. Our results showed a close
agreement with the effective areacal culation when
calculated using ANSY S software and ssimulation
method. Further work inunderway.

Development of Window-based Softwar efor the
calibration of hydraulic pressure measuring
instruments

Work for developing the above software
started. The starting point was the presently used
DOS-based software in Quick Basic, which is
monolithic (non-modular) and makesuse of filesto
store data. The new software would be modular,
whichmakesit easier to maintain and upgradeand it
aso usesRDBM Stablesto storedata. Moreovey, it
will have well designed interface screensfor user
interaction. SoftwareEngineering Methodology of
Structured Analysisand Designwill beapplied for
devel oping the software.

DST sponsored project entitled “ High Pressure
Raman studies of rare earth sesquioxides’

We have carried out Raman spectroscopic
studies on Y,O,, Gd,0, and Sm,O, under high
pressuresin adiamond anvil cell. Theresultsare
very interesting and submitted for publication.
Presently wearein the process of carrying out high
pressurework on other rare earth sesquioxides. Apart
from these we have also been collaborating with

variousingitutesfor Raman anaysisunder ambient

conditionsand have carried out Raman spectroscopy
work for Delhi University- Carbon nanotubes, SN
Bose Ingtitute- Mg and Cd doped ZnO, and Jamia
Millialdamia S etched GaAssamples

Acoustics and Ultrasonics

Sandards

Acoustics Standard maintainsthe primary
standard of sound pressure level and vibration
amplitude. The primary standard of sound pressure
level ismaintained using the Reciprocity Microphone
cdibrationtechniquewhilethat of vibration amplitude
ismaintained using the primary vibration calibration
facility. Thesecondary cdibration of accelerometers,
vibration meters, sound level meters, sound
calibrators, pistonphonesand tachometersiscarried
out for different R& D organi zations. Consultancy
servicesarebeing rendered to industriesfor Building
Acoustics, Noise and Vibration control and its
abatement. Apart fromthis, the Type approval (T.A)
and Conformity of Production (C.O.P) is being
carried out for the Diesel generating setsas per the
CPCB norms.

The Ultrasonic Standards continued to
provide servicesto the industry for calibration of
Ultrasonic Non-destructive testing equi pment and
ultrasonic medica equipments. Cdibration procedure
was developed for ultrasonic response and
dimensiona accuracy of test railsasper Euronorms
for the on-line ultrasonic inspection of the rails
manufacturedinIndiafor high-speed trainsalongwith
high volume of traffic. In another significant work,
ultrasonic velocity has been measured at different
pressuresinvariousliquidsvarying fromObar to 7000
bar. A facility has also been created for study of
ultrasonic dispersion in liquids at different
temperatures(Fig. 1.9).
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Fig. 1.9: Set up for study of ultrasonic dispersion in

liquids

An ultrasonic method was devel oped and
usedfor calibrating the holeflatnessand depthin stedl
block, having FBH holesat non-zero angles.

NABL darted aProficiency testing program
inultrasonictesting. NPL isanodd |aboratory. It has
to make the artifact also. Steel blank has been
prepared. They have been tested ultrasonically for
zero defects. Thedesign of defects has been made.
Artificid defectsintheform of holesand notcheshave
been madeintheartifact. Thesehavebeentested for
homogeneity test.

Thesectionisinvolvedinacoustic profiling
of atmosphere by SODAR. Site specific SODAR
observationspertaining to coasta regionsof Paradeep
Orissa were analyzed in relation to EIA. Similar
studies for Tata Nagar and Keonjhar are in
progress.

Three prestigious consultancies were
completed successfully for Delhi and Bangalore

Metro and one for multipurpose hall design in
Lucknow.

Fluid Flow Sandards

The performance and evaluation of the
upgraded fluid flow primary standards has been
completed and the efforts are being made now to
make 200 mm diapipefacility operationd. Stepshave
been taken to havetheinternal audit of theactivity as
per 1SO 17025.

Shock and Vibration Sensors

A standard reference ultrasonic artifact is
designed for International Proficiency Testing
Programme.

Thefirg everindigenoustri-axid piezodectric
accelerometer and ultraminiature, super low noise,
charge to voltage converter have been designed,
developed and characterized. These will foresee
tremendous market potential.
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ELECTRICAL AND ELECTRONIC STANDARDS

Theelectrical and eectronicsstandardsdivison of NPLI isinvolvedintheredization, establishment,
maintenance and dissemination of Sl unit (SI), primary standard, and national standardsof variouselectrical,
el ectronic and magnetic parameters. Traceability of these standardsisprovided to industries, accredidated
laboratories, R& D indtitutesand various other organi zations. Recently the division hasestablished theautomatic
Josephson voltage standardsat 10 volt level at par tointernational level for the dissemination of unit ‘volt’. A
new power caibration system for calibration of high precision reference power standardsand watt converters
has been established.

Thedivision has participated in many international intercomaprison organized by BIPM, APMPand
bilateral comparisonto establishinternational traceability. Alsoit has coordinated variousproficiency testing
programme under MoU between NPL and NABL.
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Timeand Frequency Sandards

Timescaleof NPL, knownasUTC (NPLI)
isbeing maintained withthe hel p of cesum
clock. Judicious frequency off set is
introduced timeto time. During thelast one
year, the time scale of NPL has been
comparable with other leading timing
laboratories of the world (Fig. 2.1). The
uncertainty of time scale is maintained at
7.6ns.

Cdibration measurement cgpabilities(CMC)
of time and frequency parameters of NPL
have been accepted for entry into Appendix
C. TheseCMCsarenow on BIPM website.

NPLI renderscalibration servicetoindustry
and otherscustomersfor stop watch, timer,
and frequency counters etc. Frequency
sources like crystal oscillators, Rubidium
Clock and Cesium clock at NPLI are also
calibrated. The performance of many GPS
timing recelversisaso evaluated by NPLI.
NPLI has designed and developed a new
stop-calibrator toimprovethe uncertainty of
itscaibration. Thisisunder field test.

NPL I continuesto disseminatestandard time
and frequency signals (STFS) via
geostationary satellite INSAT with an
accuracy of 10ms.

Aninnovativetimeserviceviate ephoneline
(known asTeleclock service) isinoperation
by NPL. After successful commissioningthis
type of servicein Nepal and Saudi Arabia,
initiation of similar service in SAARC
countriesare being planned.

NPLI has the recent plan to procure
TWSTFT systemtoestablishalink withAsa
Pecific region and Europe. Initial study for
implementing thisexperiment hasbeen done.

. Development of Laser cooled CsFountain
clock has been undertaken by NPLI. The
overall designsof theoptical setup andthe
physics package have been finalized. The
systemisin processof integration.

- W UTC-UTC(NPLI)
| | Current Status of Time Scale of Few Countries | % UTC-UTC(IT)
- - - - UTC-UTC(NICT)

¥ UTC-UTC(NIST)
1 # utcutciNPL)

+ UTC-UTC (PTB)

% UTC-UTC (USNO)

UTC-UTC(k)/ nanosecond

- 80

- 100 T : T T T
54350 54400 54450 54500 54550 54600 54650
MJD

Status of Time Scale of NPLI vis-a-vis Those
of other leading labs.

Fig.2.1:

Josephson Voltage Standard and
DC Current, Voltage & Resistance
Sandards

Anautomatic 10V Josephson SeriesArray
Voltage Standard (JSAVS) was integrated,
characterized and established for the calibration of
Zener reference standard which is the secondary
standard of DC voltage. This system works at
microwave frequency of 76 GHz. The expanded
uncertainty of Zener reference standard calibration
at 10V isx= 350nV at k=2 Figure 2.2 and 2.3 show
theblock diagram and photograph of the automatic
10V JSAVS. Theinset in the photographs showsthe
dc characteristics and the constant voltage steps
(Shapiro steps). With the establishment of this
standard NPLI isat par at theinternational level.

ThelkQ standard resistor wascalibrated
againg Quantum Hall Resistance Standard and it was
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subsequently used to calibrate other standard
resistors using automatic DCC bridge. During the
above period, total 131 calibration reports were
issued. Rs. 11.76 Lakhsasnotiond vaue (calibration
of ingrumentsof other decison packagestomaintain
their quaity system) and Rs. 7.36 LakhsasECF were
generated.

] reerenee

Q0 76 000 000 000

Microwave Counter

bl EEE | Computer Lo Vou Mod. |n|
Card
[ [eXeNe}
Parallel Port JVS1000 Bias Controller

| [eXeXo)
—oD O

ooo s,
Bias Cable )

Temperature '
Humidity
DUT Switch
(7328) .9 Module An l

10.00000 V -
30 L Dewar —»

Gunn
Oscillator

Isolator

Coupler

Oscilloscope

|EEE Bus Nanovoltmeter &

Fig.2.2: Block diagram of automated 10V Josephson
series array voltage standard system at NPLI
Fig.2.3: Photograph of automated 10V Josephson

series array voltage standard system at NPLI
alongwith characteristics of the array at 76
GHz

DC High Voltage Sandards

Thisgroupisproviding cdibrationfacility for
High Voltage DC equipmentsi.e. 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 Voltageisthe Resistive
Divider, which is traceble to Josephson voltage
standard.

The facilities for high current and shunt
resi stance measurement (at high current) have been
established. Shunt resistance can be measured low
up to 0.001Q at 600 A with an uncertainty of
10to 15 ppm.

AC Power & Energy Sandards

A new Power calibration system has been
established for cdibration of high precisonreference
power standards and wett convertersfor ranges,

10V-576V, 10mA-120A, PF:1 to £0.01,
frequency 40Hzto 400 Hz.

New Project undertaken

Onthebasisof study of influenceof AC/DC
magnetic fieldson the performance of energy meters,
two old clauses has been amended and three new
clauseshasbeenfinalized (clauses5.6.2.1t05.6.2.5)
and included in the new version of CBIP
specification/manual on Sandar dization of AC
Satic Electrical Energy Meters, Publication
No. 304 and also some in IS specification
| S-13779. Thishashel ped industriesin controlling
energy theft to alarge extent. Thisstudy issetting a
land mark for internationa standardization aso.

Fig.2.4: Setup for calibration of high precision
reference  power standards and
wattconverters, using Fluke 6100A Electrical
Power standard and Fluke 8%2digit Reference

multimeter (8508A).
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AC High Current & High Voltage
Sandards

Thecdibrationfacilitiesof AC High Current
Ratios from 5A/1A, 5A up to 5000A/1A, 5A and
about the calibration of Voltage Transformersof any
ratiowith 110V and 110/O3V secondary output up
to 100kV at 50 Hz at the required burdens.

Principle/Theory

The accurate and precise calibration of
Current Transformers (CT) is accomplished by
comparison methodi.e. by comparing thecustomer’s
current transformer to aReference Standard Current
Transformer (RSCT) known as Current Comparator
(CC) whoseaccuracy isso highthat the corrections
to beapplied arenegligibly small. The Comparison
Method basically relies on a calibrated Current
Comparator nominally of the sameratio asthat of
thecurrent transformer under calibration. A suitable
Current Transformer Test Set (CTTS) isused for this
purpose to compare the output of the current
transformer under calibration to that of the Current
Comparator.

Regarding the calibration of Voltage
Transformers (VT) it is aso accomplished by
comparison methodi.e. by comparing thecustomer’s
Voltage Transformer to a High Voltage Ratio
Measuring System (Standard Voltage Divider) which
basi cally comprisesthe Capacitive Voltage Divider
(CVD) Cl/C2and High Precision Electronic Voltage
Divider (EVD) whose accuracy is so high that
correctionsneed not to be applied. The Comparison
Method basically relies on the calibrated voltage
transformer i.e. in our case is a CVD and the
Programmable EVD nominally of the sameratio as
that of thevoltagetransformer under cdibration. A
suitable Voltage Transformer Test Set (VTTS) isused
for thispurposeto compare the output of thevoltage
transformer under cdlibration to that of the Standard
VoltageDivider.

StandardsUsed For Calibration

The standard used for the calibration of
current transformer isa Current Comparator having
155 standard ratiosright fromthelowest 5A/1A, 5A
to the highest 5000A/1A, 5A. In order to avoid
correctionsit is again desirable to have a Current
Comparator whose errorsarenegligibly small. The
uncertainty of thisreference tandard is+ 15ppmand
phase displacement uncertainty is+ 0.05min. The
Current Comparator istraceableto PTB, Germany.

For the determination of the errors of the
current transformer under calibration, an Automatic
Instrument Transformer Test Set (AITTS) is
commonly required and isbeing used asaCTTS.
TheCTTSshdl becapableto operateintheoperating
range from 1% to 200% of the rated secondary
currents of 1A and 5A at 50Hz. The CTTS must
indicatethe current ratio error in % or ppm and the
phase displacement error inminutesor centi-radians.
Theuncertainty of the CTTSis10ppminratioand +
0.05 minutesin phase displacement. TheAITTSis
traceableto PTB, Germany.

Calibration Set-up

The schematic block diagram of the
calibration set—up initssimplest formsisshownin
Fig. 2.5for current transformers.

RATIO ERROR PHASE
%

I 100.00 I

LOAD (%) ERROR

o) (IN MIN)
STD UNDER TEST

— 1

[) o o
C.T. UNDER TEST C.T. BURDEN
o

—

AC
HIGH CURRENT SOURCE

Fig.2.5: Calibration of current transformer by

comparison technique

ANNUAL REPORT 2007 - 2008



ELECTRICAL AND ELECTRONIC STANDARDS

The standard used for the calibration of
voltagetransformer is Standard Voltage Divider. It
comprises of a Capacitive Voltage Divider and an
Electronic Device. Inorder to avoid correctionsitis
desirableto have aStandard VVoltage Divider whose
errorsare negligibly small. Theuncertainty of this
reference standard is £ 50ppm and phase
displacement uncertainty is £ 0.2 minutes. The
Standard Voltage Divider is traceable to PTB,

Germany.
Calibration Set-up

The schematic block diagram of the
calibration set—up initssimplest formisshownin
Fig. 2.6for voltagetransformers.

V.T. UNDER TEST

_1
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c> vorace  |FLESTRONG
sUPPLY | ‘Device

4 AIR CAPACITOR

I ) ) I I O O I
RATIOERROR ~ PHASE ERROR
LOAD % IN %) (IN MINUTE)

Fig.2.6: Voltage transformer calibration by using

programmableE.V.D.

A.C.Current Source

TheA.C. High Current Sourceshould beable
to supply therequired current for the accuracy test
up to 120% (as per 1S 2705, 1992) of the highest
rated current. Sincetherated primary current includes
arange of 5A to 1000A and sometimesevenupto
5000A, therefore, the current source should be
provided with tappings to allow the current to be
adjusted to therequired value. Our lab is equipped
with one current source of 5000A, 3V. To connect
the current source to the CT and the Current
Comparator abifilar busbar arrangement hasbeen
chosen.

A.C. Voltage Source

TheA.C. High Voltage Sourceshould begble
to supply therequired voltagesfor the accuracy test
up to 120% of the highest rated voltages. Two high
voltage sourcesareavailablein our 1ab. Onesource
isupto 50kV; 5000VA with digita indication and the
other source is 150kV, 10,000VA with analogue
indication.

Clamp Meter

A clamp meter isaninstrument up to 1000A
whichisrequiredinthelabfor making measurements
of the flowing current in the conductors without
breaking thecircuit. Thisinstrument assuch playsno
roleinthecalibration process.

Current Transformer Burden

Standard burdens are required for the
calibration of current transformers as per 1S 2705
and |EC 60044-1:1996 Therated burdenswhichare
normally required are 2.5VA, 5VA, 7.5VA, 10VA,
15VA, 20VA, 30VA, 40VA for therated secondary
currents of 1A and 5A at a power factor of 0.8PF.

Lag.
Voltage Transfor mer Burden

Standard burdens are required for the
calibration of voltage transformersas per 1S 3156
and IEC 60044-2:1997. Therated burdens, which
are normally required, are 2.5VA, 5VA, 7.5VA,
10VA, 15VA, 20VA, 40VA for therated secondary
voltage of 110V and 110/O3V at apower factor of
0.8PFLag.

Cables

Cables of different sizes are essentially
requiredinthecalibration of CTs.

Cablesof different sizesand lengths make
the CT calibration compl ete. Proper taut wiresare
used for making connectionsto the primary side of
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Standard Voltage Divider and VT Under Test from
theAC High Voltage Source. Proper flexible cables
are used for the secondary side connectionsto the
voltagetransformer Test Set.

Environmental Conditions

Thetemperature of thelabismaintained at
(25 + 2)°C and humidity (50 £ 10)%.

Traceability

In order to ensure that the measurement
stability of the equipmentsbeing used as Reference
Standardsand other auxiliary insrumentsarewithin
the specified limitsof uncertainty they must belinked
upwith higher accuracy sandardset the Internationa
Level. Our measurement traceability iswith PTB,

Germany
L Fand HF Impedance Sandards

This group of electrical and electronic
standards is disseminating the traceability for
measurement of capacitance, inductance and ac
resistance at low and high frequency to calibration
laboratoriesand R & D organizations. Thetracesbility
starts from primary standards of capacitance,
Calculable Cross Capacitance, based on Lampard-
Thompson theorem and tracesbleto baseunit length.
The unit of resistance, Ohm, isalso realized from
capacitance using Quadrature Bridge and other
precision ac bridges. The unit of inductance, Henry,
isrealized from capacitance and ac resistanceusing
Maxwell-Wien Bridge. A st of high precision coaxid
referenceair lineswith tracegbility to cal culablecross
capacitor is used as primary standards of HF
impedance.

LF & HF Voltage, Current & RF
Power Sandards

L FVoltage& Current Sandards

Traceability of thermal converterscovering
voltage range 250 mV to 1000 V in the frequency

range 10 Hz to 1 MHz has been re-established to
the primary standard of LF voltage.

Traceability of thermal current converters
covering the current range from 1 mA to 20 A has
been re-established to the primary standard of LF
current in the frequency range 10 Hz to 10 kHz.
Traceability of RF micro-potentiometers, standards
of low voltage measurements, covering voltagerange
10 mV to 300 mV has been re-established to the
primary standard of L Fvoltageinthefrequency range
upto1MHz.

HF Voltage Sandards

Traceability of high frequency thermal
convertersagaing the primary sandard of HF voltage
based on calorimetric principles has been re-
established inthevoltagerange 1V to 50 Volt upto
1000 MHz.

RF Power Sandard

Thetraceshility of transfer sandard thermistor
mounts has been re-established using the
microcaorimeter.

Developed three Automated Software
Systemsintheyear 2007-08:

Automation softwareto establish traceability
of thermal transfer standard Fluke 792A and Micro-
potentiometer at |low voltagesto the primary standard
has been devel oped and successfully vaidated. This
is being used for the calibration of ac-dc voltage
transfer standardsat low voltages(1 mV to 300 mV)
inthefrequency range 10 Hzto 1 MHz. The block
diagram for the measurement setup is shown in
Fig2.7.

Using this automation software: “Key
Comparison EUROMET.EM- K11 onac-dctransfer
standardsat low voltages’, have been successfully
completed. Thetravelling sandard wasaF uke 792A
thermd transfer standard. Thepilot |aboratory for the
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comparison is the Swedish Nationa Testing and
Research Institute (SP). The report on comparison
has been finalized and submitted to the pilot
laboratory.

NANO
AC AND DC VOLTMETER
CALIBRATOR N2
TVC UNDER
CALIBRATION
TEE
PRINTER TVC REE.
t STANDARD
COMPUTER
(IEEE 488 NANO
INTERFACE | €™ VOLTMETER
CONTROLLER) N1
Fig.2.7: Block Diagram for Measurement of AC-DC

Transfer Difference

Automation softwareto establish traceability
of high frequency thermal converters against the
primary sandard of RF voltage based on ca orimetric
principles has been developed. The thermal
converters are calibrated using this automated
measurement set up.

Radio Frequency (RF) Power isone of the
most important quantities in RF metrology.
Automation system hasbeen devel oped for assigning
cdibration factor to thethermistor mountsand power
sensors using direct comparison technique. The
measurement setup of Direct Comparison technique
isshowninFig2.8. Thethermistor mountshavebeen
calibrated using these new softwares and the
measurement resultsagreewith past resultswithinvery
closelimits.

Theautomation of these techniquesmakes
calibration faster and more accurate through GPIB
cables using |EEE-488 interface card. It also
minimizes the human involvement and therefore
reducesthe chancesof errors.

Fig.2.8: Direct Comparison Measurement Setup

Theneed of automation cannot beignoredin
theAC-DC transfer measurements, asthecdibration
procedures are tedious, complicated and requires
repetition and regular timing. It reducesthe operator
skill requirements and substantially reduces
measurement time. Theresults show that dueto the
automation typeA uncertainty hasbeenimproved.

RF Attenuation and Impedance
Sandards

RF Attenuation & Impedance Standardshas
theresponsbility of eestablishment, maintenance &
upgradation of RF attenuation & impedance
standards and associated cdibration facilities.

Bio-medical M easur ements

ECG CALIBRATION: Tworeports, oneat
1mV/10Hz sgna sourcetraceableto NPL standards
and the other one at 1mV/1Hz signal source (un-
calibrated) on the calibration of 12 leads ECG
machine were prepared for the uncertainty
measurements. The bio-simulator producing sine,
squareandtriangular waveformat ImV withvariable
frequenciesgot cdibrated against aprimary standard
sourceof 1 mV/10Hz at NPL and subsequently put
in use as a secondary standard source for further
calibration of ECG machines. To get the report
international ly accepted, effortsare being madewith
NPL UK to get the bio-simulator signal source
calibrated at 1mV/1Hz, which is the standard
amplitudefrequency combination of ECG signd.
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Web based real time ultralow value (ecg, eeg)
signal transmission for patientsmonitoring and
diagnosissystem using lab-view platform

A versdtile, cost effective and application
oriented web based redl time patient monitoring and
diagnosissystem employing systemsand deviceslike
internet, PCsand specialy devel oped graphica user
interface (GUISs) in lab-view environment was
developed. Biomedical Data of the patient such as
body temperature, pulserate, ECG etc. from different
sensorsand electrodes put around the patient body
areacquired and transmitted using FM transmitter
(108 MHz) after proper signa conditioning and
amplification. Thereceived signal by FM receiver
tuned at the same basic frequency isfurther acquired
by NI lab-view dataacquisition card (PCI-6281) and
processed to find out vital parameterssuch asQRS
intervals, QT intervals and beat to beat (R-R)
intervals. These parameters/ waveform aredisplayed
on local PC (patient side) aswell ason remote PC
(doctor side) for on line patient monitoring. The
automatic emergency condition detectionisanew
concept in the system’s automation, where the
software detects an alert stage of the patient and
connects patient with the doctor automatically for
immediate diagnosisand treatment. The complete
systemisshowninthefollowing block diagram.

Satus

Thesystemisin per-fact working stageand
can be demonstrated to outside agenciesfor further
suggestionsand improvements. Theproposd, infact
has been presented to FI CCI committee chaired by

% Communication
using Shared .
Local PC variables Remote PC
FM transmitter at 108 FM Receiver at 108 Data Access Continuous display of
MHz MHz Waveform Display, waveform & Parameters,
A v ECG parameters Data storage at emergency|

. i ndition and on demand,
Instrumentation display, Data condition and on demand,

Multi channel ADC Storage, Data Read, Plot and Analyze
(PC16281) and its [ Analysis Alert | data

interfacing with PC T [ T Detection | | ||

amplifier, Conditioning

and filtering of ECG
signals

%miem

I nstrument Development and Electronics

. An electronic circuit was developed for
digplacement measurement using path sensing
detector for setting photo deflection
spectroscopy (Plasma Process Materials
Group)

. The sensor array data acquisition system
(Lab VIEW based) wasupdated (for Thick
film sensor group) in both hardware and
software aspects to become more user
friendly. Using thedevel oped sysemthedata
has been collected and evaluated. Different
discriminationtechniquesarebeing studied.

. New, improved features has been
incorporated into the SODAR system (Lab
VIEW based). Off-Line data analysis
program has been updated using .net. The
new verson givesdetailed information about
the Fax files, mix height calculation etc
(SODAR Group).

. A microcontroller syssem wasdeveloped for
Fluid Flow Divisontointerfacethevoltage
levels, to suppressthe bouncing problems,
and to calculate the elapsed time between
pulses

. Expert committee member for finalization of
technical specificationsfor procurement of
Vehicular Based Multifunction Pavement
Condition Evaluation System (Supra
indtitutional project (CRRI)

. Co- Pl of the project titled * Devel opment of
Nanostructured meta oxidegassensor array
for detecting chemical warfare agents’
(sponsored by DRDO/EP-IPR Division),
project has been approved, funding is
expected in First week of April 2008.
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ENGINEERING MATERIALS

TheDivison of Engineering Materid smainly comprisesof Metas& Alloys, Advanced Carbon Products,
Polymeric & Soft Materialsand Liquid Crystal groups. The objective of thisdivisionisto develop materidls,
processes and technol ogiesfor components, devices and systemsin the above mentioned areas. TheR & D
output of thisdivisonincludesthe development of aerospace metallic devices, organic el ectronic devicesand
sensorsetc. A few of these materia sfind applicationsin strategic and industrial areas; General Motorshave
sponsored acollaborative project to NPL on the devel opment of extrusiontechnology of Mgdloysfor automobile
applications. More such industrial linkageswith other industriesare envisaged for future. Infact, under this
division severa developmental projects, such as CSIR network, sponsored, grant-in-aid, collaborative and

consultancy are successfully being implemented/ completed for different R & D organizations, both inthe
public and private sectors.
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A. METALS& ALLOYS

Development of Light Weight Magnesium (M g)
and Aluminum (Al) based alloysand composites
for advanced structural applications in
Automobileand Aerospace

R & D efforts were concentrated on
development of light-weight Mgand Al alloysand
their compositesunder various sponsored, network,
non-network and consultancy projects. The major
thrust was on the devel opment of several grades of
Mg alloys employing hot extrusion processing
techniquefor their possibleautomobileand aerospace
applications. This work was carried out under a
consultancy project entitled “ Advanced Magnesium
Extrusion Alloys’ sponsored by General Motors.
Other in-houseprojectsinvolved synthes sof different
gradesof Mgalloysand hypereutecticAl-30 Si dloy
using Spray Atomization & Deposition (SAAD)
technique. Setting-up of a“ Center for Nanoscience
& Nanotechnology” hasbeeninitiated thisyear, under
a non-network project. Diversified activities on
nanomaterialsdevel opment have been planned under
thiscenter, includingi) synthessof bulk nenomaterias
employing Cryomilling followed by HIPing and Hot
Extrusion and also using Equal Channel Angular
Pressing (ECAP), ii) Development of metallic and
polymeric based nano compositesusing CNT and
Nano-SiC asreinforcementsiii) Synthesisof boron
nitride nanotubes employing mechanothermal
processand iv) Nanomagnetic Particlesand Fluids
for DeviceApplications

A. Magnesium alloys

(@ General Motors (GM) Sponsored
Project entitled “ Advanced M agnesium
ExtrusionAlloys’

Magnesumdloyshaveemerged aspotentia
structural materials, in automobiles, dueto their low
dengity coupled with high specific strength and specific

diffness Usageof Mgdloyscould resultinsubstantid
weight savings and thusreduced fuel consumption
and gaseous emissions. However, Mg aloyssuffer
from an inherent problem of poor ductility and
formability at room temperature. Under the“ Generd
Motors” sponsored project, an important
achievement made was that ductility of pure Mg
(about 9%) could be tremendously enhanced (to
31%) by small addition of rareearth (RE) Fig. 3.1.
Detailed High Resolution- Transmission Electron
Microscopy (HR-TEM) and Electron Back
Scattered Diffraction (EBSD) investigationson the
extruded samplesreved ed that manipulation of texture
with cerium addition in magnesium resulted in
tremendous improvement in ductility. The EBSD
analysishad reveded grain orientation favourableto
dip planeswith cerium addition, which resultedin
substantial enhancement of ductility at ambient
temperature Fig. 3.2 Shows the Mg-RE extruded
tables with good surface finish. These detailed
investigationsare under progress.
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Fig.3.1: Mechanical properties of Mg-RE alloy

Fig.3.2:

Mg-RE alloy extruded tubes

ANNUAL REPORT 2007 - 2008



ENGINEERING MATERIALS

(b) Synthesis of Mg-alloys using rapid
solidification and employing spray
forming

Magnesium isalightweight high strength
material and automobileindustry hasredized it tobe
afuturistic materia. Spray atomizing and deposition
isapromisngroutefor thesynthessof different grades
of Mgalloys. Thetechnology of spray forming of Mg
aloyshasbeen successfully developed at NPL. Initia
exploratory experiments on AZ31 (Mg-3Al-1Zn)
alloy were conducted and optimized process
conditionswere achieved for low porosity and fine
grainsizeof 25-40um. Further experimentsinvolved
utilization of metal ddlivery tubesof varying diameter
to optimize Gas-to-Metal Ratio (GMR) and obtain
spray depositswith further refinement of grainsize
for improved mechanica properties. The minimum
grainsizeso far achieved was5-12 um employing
themeta ddivery tubeof 3.25 mmdiaand at aflight
distance of 400 mm. Effortsare currently underway
tofurther reducethegrain sizeof spray-formed AZ31
depositsby optimizing other spray-forming process
parameters.

B.  Aluminium alloys

(@ Synthesisof hypereutecticAl-30S alloys
using spray-forming

Al-Si is an important alloy for many
commercid automotive gpplications(piston, cylinder
liners, etc) dueto itsunique properties, such as, high
wear resistance, low CTE and good mechanical
properties. Presently thismaterial ismade by Ingot
Metallurgy based routes, which have several
limitations, such as, presence of large & coarse
primary Si particles in microstructure. Though
increasing Si content (>12.5%) could improvethe
wear resstanceaswell aslower the CTE, which are
desirablefor certain applications, however, synthess
of hypereutecticAl-S alloysnot generally possible
dueto thermodynamic phasediagram cong derations.
Increasing cooling rates by rapid solidification
employing spray forming can make hypereutectic

Al-S dloysto produce uniform microstructurewith
reduced segregationand alsoresultinfinesized S
particles.

Synthesisof hypereutecticAl-Si aloyswas
carried out employing spray forming technique.
Optimization of spray forming process parameters
was carried out to achieve good yield with low
porosity andfinesizeof primary S particles. Optical
microscopy of cast hypereutectic Al-30%Si aloy
indicated presenceof primary blocky Si, eutectic and
Al-S-Fe-Mnintermetallic phasesinthematrix of o -
Al (Figure3.3(a)). However, under optimized spray
forming conditions, large blocky structureof Si was
broken and a uniform microstructure was evolved
having fine particul ate-type morphology of primary
Si (Figure 3.3 (b)).

Fig.3.3: Microstructures of hypereutectic Al-30%Si

(a) cast mother alloy and (b) Spray-formed
alloy showing fineprimary Si grains

It was observed that the grain size &
morphology of primary S, yield & porosity exhibita
strong dependence on spray-forming processing
parameters. Primary S particulate grain size of
1-4umwasobservedin these spray-formed alloys.

(b) Development of functionally gradient
metal matrix composites(MMC)

A vertical centrifuge casting unit facility is
available at NPL for the synthesis of functionally
gradient metal matrix composites(FG-MMCs). The
feed materia for these FG-MMCswasprepared in
adir casting unit employingAl dloy asbase materia
and 12% SiCp asreinforcement. Experimentswere
conducted on the synthesis of Al-12% SiCp
functionally gradient MMCs. Detailed
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characterization of FG-MMCs developed by the
aboverouteisunder progress.

C. Centre for Nanoscience &
Nanotechnology — new initiative

A new initiative hasbeentaken upfor setting-
up aCentreof Nanoscience& Nanotechnol ogy under
a non-network project. The project involves
development activities on the synthesis of
nanomaterials such as, carbon nanotubes (CNTS),
boron nitride nanotubes (BNNTS), nanostructured Al
based metallic powdersemploying Cryomilling, Al-
S nanomaterid semploying High Energy Ball Milling,
nano-silicon carbide, nano magnetic particles for
ferrofluidsetc. Thesenanomaterid sarefurther amed
to be used for the devel opment of lightweight high
strength advanced composites such as CNT
reinforced polymeric and metal lic composites, ultra
finegrained (UFG) lightweight Al-Mg alloys, nano-
SiC reinforced polymeric composites, etc. TheAl-
Mg UFG alloysare proposed to be synthesized by
tworoutes, suchas, i) Hot | sostatic Pressing (HIPing)
of cryomilled powder followed by itshot extrusion
andii) Equal Channel Angular Pressing (ECAP) of
coarsegrained bulk materials. Presently experimental
infrastructureisbeing set-up for carrying out above
activitiesinasystematic & focused manner. Severa
additiona equipmentsfor synthesisand processing
and characterization of nanomaterials are under
procurement. The progresson different activitiesis
briefly described below.

€) Cryomilling of Al-M g powder sfollowed
by HIPingand hot extrusion

Ultra Fine Grained (UFG) materias are
defined assolidshaving grain szeintherangeof 200-
1000 nm, however, microstructural festuressuch as
sub-grains, dislocation cells, X-ray coherent
diffraction domains, etcfall below 100 nm. Al and
Mg based UFG materials have great potential in
automobile/aerospace industries due to their
lightwe ght and high mechanicd properties. Synthes's
of Al/Mg UFG materials would be carried out

employing anovel route that involves large scale
synthessof nanostructured Al-Mg powder employing
cryomilling. The synthesized powder would be
subjected to consolidation by hot isostatic pressing
(HIPing) and hot extrusion. A Cryomill (Make: Union
Process, USA) and an Automated Chamber Glove
Box (Make: Mbrown, Germany) have been procured
andareunder commissioning a NPL. Thesefacilities
would be used for the synthesis of nanostructured
Al/Mgpowders. A particlesizeanayzer isalso under
procurement that would be employed for
determination of particlesizedistribution. Detailed
characterization of cryomilled powder would be
carried out using HR-TEM, X-ray diffraction, etc.

(b) Equal Channd Angular Pressing (ECAP)

Another approach for the synthesisof UFG
materialsisknown as Severe Plastic Deformation,
whichinvolvessevera methods oneof whichisEqud
Channel Angular Pressing (ECAP). ECAPIscarried
out by pressing of aningot in multiple passesthrough
adie having two channels of equal cross section,
intersecting usually at an angle of 90° to 120°. The
processdrastically refinesthe microstructure dueto
intense shear strains imposed during each pass,
without reductionin crosssection.

Significant progress has been madeinthis
area and a unique facility has been developed for
ECAPof hilletsintheszeof 16 mm 16mm 100 mm.
This facility has been designed and developed
indigenoudy. Themog sgnificant fegtureof thisfacility
isthat it employsapunch that isalmost frictionless.
The frictionless conditions could be achieved by
designing the set-up such that during pressing, contact
of billet and diewdlsisalmost liminated, though it
alwaysremainsin contact with the moving punch.
Employingthisfacility, several mode materialssuch
aspureauminum, purelead and other materid shave
been successfully ECAPed in multiple passes. The
immediate attention is now to make this facility
amenablefor ECAPof commercid Al & Mgalloys.
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(© Synthesis of Boron Nitride Nanotubes
(BNNTS)

Synthesis of boron nitride nanotubes
(BNNTSs) hasbeen carried out by amechanothermal
process. The process involves ball milling of
hexagonal boron nitride (hBN) for along periodina
high-energy ball mill followed by annealing in a
protective atmosphere at el evated temperature. Ball
milling resultsintheformation of nanos zed disordered
BN powder mixed with somemeta nanoparticlesand
annealing leads to the growth of BN nanotubes.
Under thisactivity, BN powder wasball milled for
about 100 hrsfollowed by annedling of milled powder
in the temperature range of 950-1300°C for about
10 hrs. Formation and growth of BNNTs was
observed. The BNNTs were characterized using
different characterization techniques, such as, HR-
TEM, SEM, XRD and Raman spectroscopy. From
the detailed study the synthesized BNNTsexhibited
amorphology withcylindrica structure. Thediameter
of nanotubes varied from 20-40 nm (Fig. 3.4),
however, their lengthwassignificantly affected by the
annealing temperature. Thelength of nanotubewas
found as 1 ym at higher annealing temperature of
1300°C as compared to about 50-150 nm at lower
anneding temperatureof 950°C. SAD patternanaysis
of BNNTSs suggested their crystalline nature
predominently.

Fig.34: TEM micrograph of BN nanotubes (BNNTS)
(8) BNNTshaving diaof 20-40 nmand length
upto 1 pm. The inset shows aring pattern of
aggregates of nanotubes, (b) SAD pattern
recorded from nanotubes along [0001] axis
shows several sharp spots, which indicates

that the BNNTs are highly crystalline

(d) Synthesis of Al-Si Nanocomposites

The aim of this activity is to synthesize
Al-30% S nanocompositesusing High Energy Ball
Milling (HEBM) to obtain nanocomposites with
superior mechanical, tribological and thermal
properties. Al and S powdersof median particlesze
of 200umwereball milled for extended timeperiods
at high speeds under inert argon atmosphere. The
millingwascarried outinahighenergy planetary bal
mill (Make: Fritsch, Germany, Model: Pulverisette
V). The powder XRD analysis of FWHM (Full
Widthat Haf Maxima) indicated averagecrystalite
szeas Al ~15nm& S ~24nm. Thesenanopowders
were cold compacted and subsequently subjected
to sintering by different routes, such as, pressureless
gntering, high pressurergpid Sintering and microwave
sntering. Theaimistofind out asuitableconsolidation
routeto prevent grain growth. Thework on process
parameters optimization for consolidation of
nanopowdersispresently underway.

(e Synthesisof nano-SiC particles

Nano-SiC particles, to be used for carbon
ceramic compogtes, weresynthes zed by thereaction
between silicon and carbon black at 1400°Cinargon
atmosphere and characterized by SEM and TEM
studies. It wasfound that nano-Si C particleshaving
thediameter intherange of 50-250nmwereformed

Q) Development of carbon-nano silicon
car bide—boron carbide composites

Carbon ceramic composites (C-nano SiC-
B,C) wereprepared throughinsituformation of nano-
SiC by isostatically moulding the mixture of NPL
developed coal tar based green coke fine powder,
silicon, carbon black and boron carbide powdersand
heat treating the moulds at 1400°C in argon
atmosphere. The composites showed the in-situ
formation nano SiC rods of the size 130nm. The
compositeswere dso found to be oxidation resi stant
at 800°C and 1000°C for about 10 hrs. The X-ray
data confirmed the Nano SiC of 56 nm. The SEM
and TEM datashowed thenanosized SCintherange
of 14-30 nm.

ANNUAL REPORT 2007 - 2008




gofiferaf¥ar uaref

B. Advanced Carbon Products

A leading centre in India dedicated to
research in both pure and applied science of Carbon
with 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 productswhich
can be made cost-effective by innovative process
suitable to available infrastructure, expertise and
resourcesin India, iii) to promote overall growth of
carbon scienceand technology inthe country through
sustained R&D, research publications, patents,
technology transfer, consultancy toindustry, national
& internationa conferencesand refresher coursesetc.

1 Development of car bo-graphitematerial
for aeronautical application

This project is sponsored by Defence
Materials and Stores R& D Establishment
(DMSRDE), Kanpur. The carbo-graphite
material isto beused asased for thedefence
application. Thismaterial possessesahigh
density of 1.90 gcm3, high shore hardness
of 85, high compressive strength of 2000
kgem2, besidesbeing stableinair at 650°C.
The high density carbo-graphite of almost
required characteristicsusing modified NPL
green coke has been developed in this
project. A high pressure-high temperature
impregnation assembly was designed,
fabricated and employed for impregnation of
high density graphitewith suitableboron and
phosphorussatsto makeit heat stableat 650
°C. Process parametersfor impregnation of
graphitewere optimized. Itisinterestingto
note that high-density graphite without
impregnation loses40% of itsweight at 650
°Cwithinfour hours, whereastheimpregnated
graphitedoesnot loseany weight andisstable
at 650°C for periods upto 10 hours. The
report of the R& D work donewas submitted
and presented at DM SRDE, Kanpur. Further
work is in progress to develop isostatic

@

(c) Largeconc. of small
mesophase spheres

Fig.3.5:

moulds of carbo-graphitefor supplyingto
DMSRDE.

Development of mesophase pitch for
high performancecarbon fibers

This project is again sponsored by
DMSRDE, Kanpur asasub-project of their
major programme on development of
advanced compositesand fibres. Mesophase
pitchesof high softening point were prepared
at NPL using QI free pitches (developed by
us at NPL) and commercial petroleum
pitchesby suitablethermal trestment. These
pitches were characterized for various
parameters including mesophase content
(liquid crystd development) using polarizing
optical microscope. The samples of
mesophase devel oped in such pitches has
been showninfig. 3.5 (a-d). Further work
on the optimization of process parameters
and composition of pitchesisin progress.
Few mesophase pitch samples have been
suppliedto DM SRDE, Kanpur for spinning
into fibres. Two interim reports were
prepared and submitted to DMSRDE,
Kanpur duringtheyear.

Isotropic pitch

(d) Bulk mesophase pitch
for HPCF (SP300°C)

Mesophase development in pitches during
heat treatment.
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Development of carbon-ceramic
compositesand influence of oxidation at
elevated temperatures

Carbon-ceramic compositesweredevel oped
by incorporating SiC (through thereaction
of Si and carbon or SiC particles as such)
and B,C in the green coke (developed in-
house). It was observed that carbon-ceramic
composite plates have a density of 1.95
gm/cm2at HT of 1400°C and wereres stant
to oxidation at 800°C - 1200°C for about
10 hours. The bending strength of the
composite plates before and after oxidation
at 800°Cfor 10 hrswasfound to bethesame
thereby showing the oxidation of the
composite haslittleeffect onthe mechanical

properties.
Development of fuel cells based on
hydrogen (CSIR-NMITLI Project)

A batch of 50 numbers of carbon paper
samplesof size20cm x 15¢cm and 30 nos. of
carbon composite bipolar platesof similar
szeweresuppliedto CECRI tobeusedina
1 kW fud cell stack being assembled at
CECRI using al indigenous components.
Fig. 3.6 showsthel-V performance of the
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Comparisonof 1-V performanceof aunit PEM
fuel cell usingthe porous carbon paper and
“Schunk, Germany and toray carbon paper
compared with commercial carbon paper from
Toray, Japan and bipolar plate from Schunk,
Germany.

Fig.3.7:
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unit PEM fue cdlsassembled at CECRI usng
Porous carbon paper and the Bipolar plates
developed at NPL. Theresultswerehighly
ecouraging.

Development of speciality carbon
materialsfor novel nuclear reactor

Work under the sponsored project from
BARC was continued to develop Carbon/
carbon compositetubesfor new generation
high temperature nuclear reactors (CHT).
Prototypetubeswith dimensonsOD 60mm,
ID 20mm and Length 100 mm were
fabricated by filament winding techniqueor
using 3-D perform using Hot Isostatic
Pressing (HIP) to achievethe desired bulk
density of 1.75t0 1.85 g/cc (Fig 3.7). The
sampletubeswerecharacterized for physica
and mechanicd propertiesand microgtructure
before supplying to BARC for neutron
diffractionstudies.

Densified C/C composite tubes sampleswith
holes

Carbon nanotubes based polymer
composites

Carbon nanotubeswere grown by chemical
vapour deposition (CVD) ondifferent carbon
fibre substratesnamely, unidirectional (UD)
carbon fibretows, Bi-directiona (2D) carbon
fibre cloth (Fig.3.8) and three-
dimensional (3D) carbon fibre felt. These
substrateswere used asthereinforcement in
phenolic resin matrix to develop hybrid CF-
CNT composites. Theflexurd strength (FS)
and Flexural modulus(FM) of the CNT-CF
cloth hybrid composite improved with
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increasing amount of CNT contents. TheFS
and FM improved by 75% and 54 %
respectively as compared to that prepared
by neat reinforcements (without CNT
growth) under identical conditionswith~8%
by weight of CNT growth on the
substrate(Fig.3.9).

on the carbon fibre cloth substrate. The inset
shows rich growth of carbon nanotubes on a
single carbon filament.
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Fig.3.9:
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Wt % of CNTs deposition in Carbon Cloth

variation in the mechanical properties of the
CNT-Carbon fibre cloth/phenolic hybrid
composites with different percentage of CNT
loadings. The value at “0” wt.% correspond
to the neat carbon fibre cloth/phenolic
composite.

Development of high quality
impregnating gradecoal tar pitch

A state of theart processfor the production
of high quality impregnating pitch was

Fig.3.10:

developed by usat NPL and transferred to
industry earlier. Theindustry hasnow put up
anindustrial plant showninFig.3.10witha
capacity of 2400 M T/p.a. worth about Rs.15
crores. Thepitchisused for densification of
graphiteelectrodesfor stedl industry and C-
C composites for defence/other high

Pic-4 Distillation Units — each 22 MT capacity

View of Impregnating pitch industrial plant
developed by M/s Konark Tar Products (P)
L td., Durgapur based on NPL-Know-how.
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technology gpplicationsbes deshaving other
important applications. A novel processhas
been recently devel oped now to producethis
pitch with a high coking value of 50-62%
compared 42-46% produced from theearlier
process. This will reduce the number of
impregnation cycles required for the
dengfication of graphiteeectrodesand C-C
composites. A patent for theinvention has
been applied for during the year.

Specificationsof Impregnating Grade Coal

Tar Pitch
Characteristics Old NPL Process | New NPL Process
Softening point 80-100°C 80-100°C
Quinalineinsolubles 0-3.0% 0-3.0%
Tolueneinsolubles 16-24% 16-24%
Coking value 42 — 46 % 50 —-54 %
Specific gravity 126-1.28 126-1.29
Ash content 0.05 % 0.05 %

Development of high purity - high
density - isotropicgraphite

R& D work was continued to improve the
process of producing high density - high
strength - isotropic graphitefrom green coke.
A new technique of coating the green coke
powder wasdoneto improvethe properties
and shelf lifeof the green coke prepared for
theproduction of high density high strength
graphite. A patent application with complete
specificationsof theprocessisbeing drafted.
Efforts are continuing to transfer the
technology of thishigh-density graphitetoan
indudtry.

10.
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Development of high-density graphite
for multistage depressed collection of
electron tubes (XI th Plan Network
project)

Thisisapart of the XI Plan CSIR sponsored
network project on Design and fabrication
capabilitiesfor very high power microwave
tubeswith CEERI, Pilani asthenodd agency.
Theobjectiveintheprojectisto developtwo
typesof graphiteswith stringent specifications
namely (i) high density graphite, (ii) copper
reinforced graphite suitablefor multistage
depressed collection of € ectron tubes useful
for space applications. Imported samples of
both typesof graphites, supplied by CEERI,
Pilani were characterized and some
preliminary R& D work wereasoinitiated.

Support of industry
A. Consultancy project

A consultancy project entitled
“consultancy for improvement of quinoline
insoluble and coking value propertiesof QI
freecod tar pitch” sponsored by amgor pitch
producingindustry inIndiawasundertaken.
Suitable experiment was conducted for
improving thecoking vaueof theimpregnating
gradecod tar pitch. Thefind technicd report
hasbeen completed for onward transmission
toindudtry.

B. Industrial Testing

The carbon blocks received from
different industries/ R&D institutes were
tested for apparent porosity, Kerosene
density, bulk density ,bending strength, shore
hardnessand thermal conductivity. Thetest
reports were prepared and submitted to

parties.
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C. Liquid Crystal and Self
Assembled Monolayer Section

Design, Development and
Fabrication of Array Sensor Chip For
Biological Applications

Micropatterning of biological
molecules (proteins, immunoglobulins,
peptides) onto various surfaces using
softlithographictechniques

Development of biomedical
microdevices (BIOMEMYS) has received
tremendous attention in recent yearsasthey
are more sensitive, accurate, reliable and
inexpensiveand usevery small quantitiesof
expensive reagents and solvents.
Consequently, there is a strong need to
devel op s mplemicrofabrication technology
that will be central to the devel opment of
miniaturized devices for biological/
biomedica/ biotechnology/ chemicd andyss.
We have devel oped anumber of techniques
to create two-dimensional patterns of
different biological senangdements(proteins,
nucleotides, immunoglobulins, cdlsetc.) with
micrometer Szeson different solid substrates,
whichinturnwould beusedtodevelop array-
biosensors.

One of the simplest ways to
selectively adsorb proteinsto the designated
regionsof asubgirateisto cregteregionswith
contrasting hydrophobic and hydrophilic
properties. Microcontact printing (iICP) of
akanethiols(HDT) and PEG-thiol ongold
coated substrate and dkanesilanesand PEG

slaneonglasy slicon subgtrates, respectively
hasbeen used to create highly hydrophobic
and highly hydrophilic regionswith feature
Sizesranging fromafew tensof micronstoa
few hundred microns. The hydrophobic
regionsexhibit strong adsorption of proteins
whilehydrophilic regionsstrongly resist the
protein adsorption. Theproteinsselectively
adsorb immunoglobulins/ cellsand act as
biosensing elements. It has been found
through fluorescence microscopy that
selectively adsorbed proteinsexhibit strong
bi oactivity and hasbeen reported in previous
year annual report.

Direct patterning of proteins:

Alternatively, we have been ableto
generate patternsof proteinsand functional
antibodiesby direct LCPontovarioussolid
subgtrates. The patterned elastomeric stamp
isdirectly incubated with protein solutionand
the proteins are directly transferred from
stamp to thesubstrate by LCP. The surface
propertiesof the substrate play animportant
roleintransfer of proteinsfromthe stampto
thesubstrate.

Fig.3.11: shows the two-dimensional patterning of

BSA_FITC molecules using direct LCP on
glass substrate along with the intensity
profiling
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This technique has been used to
create multi-protein patterns on the same
substrate and has been tested successfully to
sensemulti immunoassaysus ng fluorescence
microscopy. Micro patterns of human 1gG
and mouse 1gG have been created on
functionalized substratesand complimentary
anti human IgG-FITC and anti mouse 1gG-
TRITC attach themsal vesto human 1gG and
mouse 1gG coated regionsonly.

Fig.3.12: Shows the fluorescence micrographs of anti

human |gGstagged with FITC and anti mouse
gGstagged with TRITC selectively attached
to patterned primary human IgGsand primary
mouse 1gGs coated regions (40* 40 microns),
respectively

Patterning of proteins using
chemical selectivity:

Asanother dternative strategy, two-
dimensional protein patterns have been
created on patterned-gol d-glass substrates.
The gold patterns were created by e-beam
evaporation of gold through ametal mask.
The formation of COOH terminated
alkanethiol monolayer was carried out by
immersing thegold coated substratein 20 mvi
ethanolic solution of mercapto propionicacid
& mercapto undeconic acid (10:1 v/v) for
20 hr. These COOH terminated gold

substrateswere then immersed in aqueous
solutionof EDAC & NHSto attachthe NHS
group to the COOH terminus. Thebareglass
regions were modified with polyethylene
glycol (PEG-silane) to provide a highly
resistive surfaceto protein adsorption. The
above-modified substrates were further
trestedwithBSA (FITC) proteininPBS. The
FTCtagged BSA proteinsgot selectively &
covalently attached to the substrates by
replacing NHS group.

Fig.3.13:  Shows the fluorescence micrograph of BSA
protein tagged with FITC selectively attached
to gold-coated square regions(80* 80 microns)

We have further investigated the
antigen-antibody binding (BSA-anti BSA) by
this technique. It has been observed that
covalently bound BSA proteinsto thegold-
coated regionshave good bioactivity, which
iscrucia for the development of biosensors.

Miniaturized Array-Based
Immunoglobulins Sensors Using
Microfluidic Devices

We have designed, developed and
fabricated polymer-based microfluidic chips
to realize multi-lmmunoglobulins surface
assays. The microfluidic chips were
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fabricated using micro molding technique.
The soft polymer chip containing anumber
of channdsweregppropriately functiondized
to sedl reversibly to theflat glass substrate
and to support the aqueousfluid flow insde
the microchannels and aso to resist the
adsorption of biomoleculesfrom thesolution
tothewallsof thechannels. Themany non-
communicating channd swereusedtoddiver
differentimmunoglobulinstothesubstrateas
parallel stripes that act as antigens. The
remaining portion of thesubstratewas coated
with BSA to block the adsorption of other
biomolecules. Subsequently another
microfluidic chipwith paralel channelsis
placed orthogonal to the substrate and flow
of anti body (Abs) solutions tagged with
fluorescent dyes led to the capture of Abs
with antigensresultinginamosaic structure
which could beviewed under afluorescence
microscope. Using the abovetechniquewe
have been ableto devel op abiochip which
can s multaneoudy pattern and detect human
IgGs, goat 1gGs, mouse IgGs and rabbit
gGs.

Fig.3.14: Micro mosaicimmunoassaysof MouselgGs

and human 1gGs with anti mouse 1gGs
conjugated with TRITC and anti human IgGs
conjugated with FITC fluorescent dyes using
PDM S based Microfluidic Device on APTES
(3-Aminopropyltriethoxysilane) and BS3
(Bis(Sulfosuccinimidyl) suberate) modified
glass substrate.

Sudy of Doped and Undoped
NanocrystallineTitania:

Thephotocatayticactivity of Mnand
Ni doped titaniawasfound toincrease with
dopant concentration upto certainlevel; at
very high dopant concentrations the
photocatalytic activity decreasesagain. The
phenomenon has been reported by various
workers but varied mechanisms have been
suggested for these observationsby different
researchers. The suggested mechanisms
include i) dopant induced particle size
reduction enhancesthe exposed surfacearea
which results increased absorption cross
section thereby increased photo catalytic
activity ii) decrease in drift time of
photogenerated el ectronsfrom theinterior of
the grain to its surface to degrade the dye
molecules and reducing the loss by
recombination iii) increase in life time of
photogenerated carriers by trapping of
electrons at the surface states and iv)
generation energy stateswithintheforbidden
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gap thereby increasing the possibility of
absorption of lower energy radiations.

We have investigated upon all the
abovereported mechanismsin our samples
and despiteall theabove suggestionswehave
confirmed, by our experimental observations,
that major contribution to increased
photocatal ytic activity isthroughthetransfer
of photo generated electronsto the dopant
particle and than to the dye molecule, this
route eliminatesthe possibility destruction of
photogenetaed carriers by recombination
processes. Thisprocesscontributesto~80%
of thetota enhancement in photoactivity rest
20% iscontributed by al the other reported
mechanisms.

The photodegradation and
hydrophilicity arise due to two different
mechanisms but in case of titaniathey are
closdly related to each other; if oneincreases
theother a soincreasesand viceversa. Both
these properties jointly provide the self
cleaning property to thewindowpanesurface
whichiscoated withthin anatasetitaniafilm.
These results are published in Applied
CatalysisB Environ
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Fig.3.16:

Fig.3.17:

IncaseNi doped TiO, filmssurface
of 0.5mol% Ni ion-doped sampleswe have
observed that the surface contact anglewith
water reduces to <10° after 20 minutes of
UV illumination, whilein undoped samples
the surface contact angle with water can be
reduced to thislevel only after minimum 1
hour of UV illuminations The contact angle
with water of thesefilmswas measured by
sessile drop method. The enhanced
photocatalytic activity in these sampleswas
attributed to prominent decreasein C/Ti and
an enhancement of Ti®* states at the film
surfacein additionto decreasesingrainsize
andincreaseinlifetimeof eectrons& holes
dueto Ni doping. Theseresultsare published
in surface science
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TiO, is an important commercial
material. It isnon-toxic, biocompatibleand
find number of gpplicationsinvariety of fidds.
Itslatest applicationsinclude degradation of
pollutants in industrial effluents and self
cleaning coaingsonwindow paneswhichare
very much desired in modern high rise
architectural designswherecost of cleaning
issubstantial. But these applicationsof TiO,
areregtricted duetoitslimited photoactivity
asthe band gap of anatase phase of TiO, is
3.2eV, thereforeit can absorb near the UV
edgeonly whosefractionisvery small inthe
solar spectrum. Intense R & D efforts are
desired to enhance the photoactivity of this
material so that it can bewidely used asa
safeeffluent purifier and to provideeffective
sdf cleaning coating. Our R& D effortshave
considerably improved the photoactivity of
thismaterid. Also we had made significant
breskthroughin understanding themechanism
of enhanced photoactivity in the doped
material. We have developed scratch
resistant TiO, coatings on large areaglass
sheetsby sol-gel technique. The equipment
for these coatings has been developed at
NPL. Novelty of thetechniqueisthat wecan
obtain uniform film thickness (free from
shades) at very small investment on

equipment.
Ferroelectric Liquid Crystals:

The doping of various types of
nanoparticles (NPs) inliquid crystal (LC)
material hasbeen extensively investigated
since last decade owing to its attractive
electro-optical properties and potential

gpplicationsin eectronicindustry. Themost
advantageousthing with these nanoparticles
doped liquid crystals is the tunability of
electronic and optical properties of
nanoparticleswiththefunctiond and structurd
flexibilitiesof liquid crystals Thenanoparticles
doped liquid crystalshave been studied by
various groups around the world for
observing the different aspects such as
electro-optical, dielectric, memory effect,
phase behaviour etc. Much of the reported
work has been focused on nematicsliquid
crystals. But doping of nanoparticles in
ferrodectricliquid crystas(FLCs), whichare
well known for their good optical contrast,
low threshold voltage, memory effect, fast
responseetc; israrely reportedinliterature.

Presently at NPL the enhanced
electro-optical properties of Gold
nanoparticles (GNPs) doped ferroelectric
liquid crystal materials have been studied
wheretheinteraction of GNPswith liquid
crystal moleculeswastaken into account. In
all parametersof FL Csmore emphasiswas
givenonthememory effect or thebistability
because of itsapplicationsin personal digital
assistant, digital cameras etc. and having
tremendous potentiality for low cogt, large
area, high speed and high density memory
needed for futurecomputers. Thelonglasting
memory effect, that may be promising for
digital nonvolatilememory devices, hasbeen
observed for thefirst time (see Figure 3.18)
in the GNPs doped deformed helix
ferrodectricliquid crystd (DHFLC) materid.
Thisobservation of memory effect hasbeen
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attributed by electric field induced charge
transfer and stabilization of helix deformation
of DHFL C respectively. Thememory effect
has been observed for prolonged time. The
work isbeing carried out to understand the
mechanismindetail.

Memory in gold nanoparticle doped DHFLC
(a) indicates the scattered state, i.e. without
the application of any external electric field,
(b) the switched state on the application of 15
V external bias, and (c) state after removal of
bias in which the bright state indicates the
presence of memory statefor aprolongedtime
(for few days).

E. Organic photovoltaic devices

To develop eco-friendly and cost
effective photovoltaic devices, R & D work
has been undertaken in the area of organic
photovoltaic devices(OPVDs) & NPL, New
Delhi. Intheyear of 2007-2008, intensive
R& D work hasbeen carried out onthebasic
and gpplied aspectstoimprovetheefficiency
of OPVDs. Poly-(3-hexylethiophene)
(P3HT) and copper phthal ocyanine (CuPc)
arevery important organic donor materials
for photovoltaic applications. Extensive
studies have been carried out on the charge
transport phenomenon in P3HT. The
Schottky diodes of the polymer were
prepared and modeled to extract out the
extendveinformation about thepolymer. The
modeling has also been carried out on the
OPVDstointerpret their characterigtics. New
devicearchitectures have been employed to
enhancethe efficiency of OPVDsbased on
small molecular CuPc.

NPL has devel oped and demonstrated the
OPV devicesusing polymeric and small molecular
organic materials. The small molecular devices
cong sted of anode/donor/acceptor/exciton blocking
layer (EBL)/cathode configuration (the schematic
diagram is shown in the inset of Fig.3.19. The
incorporation of EBL shasresulted intheimproved
power conversion efficiency of OPVDs. Studieshave
been carried out on the application of different EBLS
in bilayer and bulk heterojunction OPV devices.
Bathophenanthroline (Bphen) hasbeenfoundto be
one of themost suitable exciton blocking materials
for organic photovoltaic applications. The power
conversonefficiency of ~1.2 % hassuccessfully been
achieved inthe small molecular bulk heterojunction
OPV devices. The current-voltage (J-V)
characteristics of one of the small molecular OPV
devicesindark and under 80 mW/cm? irradiance of
halogenlampareshowninFig. 1. A solar panel (1" x
2" inareq) consisting 8 pixels of the active area of
~10mm? each, hasbeenintegrated to derive adequate
current and voltageto operate an € ectronic calcul ator.
Fig. 3.20 shows the operation of an electronic
cdculaor under sunlightilluminationusngthisdevice,

SM OPV DEVICE

0.025
® llluminated current
0.020 4 A Darkcurrent ¢
& Efficiency = 1.2 99
£ 0.015 - 4 e
3)
2 oA
= 0.0101 o
2
&£ 0.005 4
a
0.000 Tﬁmﬁu
= ()
o
£ -0.005
>
3 ‘/
-0.010 1
0015 beoorpr—o--g——A———F——
-1.0 -0.5 0.0 0.5 1.0
Voltage (V)
Fig.3.19: J-V characteristics of small molecular OPV

device. Inset shows the schematic diagram of
the device.
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Fig.3.20: Operationof anelectronic calculator using the

F.

small molecular OPV device under sun light
illumination.

Development of White Organic
Light Emitting Diode

Thehigh power efficiency of Organic
Light Emitting Diodestogether withthehigh
quality of whitelight, theseLEDsarecapable
of emitting, is making WOLED an ideal
source for white light emission in general
lighting applications. In our |aboratory we
havetaken up White Light Emitting Organic
Light Emitting Diodes (WOLEDSs) asoneof
thethrust areas of research activity. Recently
we havefabricated singlelayer of Zn(hpb),
doped with aorangefluorescent dye DCM.
Thedeviceismadeup of multilayer structure
consisting of ahole transport layer of N,N
diphenyl-N’N’-bis(1-naphthyl)-1,1’-

biphenyl-4,4' -diamine (a&-NPD), emitting
layer Zn(hpb), doped with various
concentrationsof DCM dye, aholeblocking
layer 2,9-dimethyl-4,7-diphenyl-1,
10-phenonthroline (BCP), an electron
transport layer tris(8-hydroxy)quinoline
auminium (Alq,) andelectroninjectionlayer
LiE Wehaveachieved high qudity whitelight
withhigh current efficiency (1.23cd/A a 9.5
V) and high power efficiency (0.44 Im/W at
8.5V).Thehighefficiency of thesewhitelight
sourcesare dueto the efficient Forster type
energy transfer aswell astrap assisted carrier
recombination onthe DCM guest molecules.
The photograph of the deviceand the spectra
response of the WOLED are shown in
Fig3.21(a)

Normalised EL Intensity (a.u.)
I o o
> o (==

o
N

0.0
350 400 450 500 550 600 650 700 750

Wavelength (nm)

(b)

Fig.3.21: The photograph of WOLED device and

EL spectrum of Device.

Microwave absorption prope-
rties of conducting polymer
composite with barium ferrite
nanoparticles in 12.4-18 GHz

Conducting polymer nano-
compositesof polyphenyl aminewith barium
ferrite nanoparticles 50-70nm, (Fig. 3.22)
have been synthesized via emulsion
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polymerization. The complex permittivity,
permeability and microwave absorption
properties of the compositewere studied in
the 12.4-18 GHz (Ku-band) frequency
range. The composite has shown high
shielding effectiveness due to absorption

/sec. Therisein current valueat 0.78 V in
thefirst cycle correspondsto the oxidation
of anilineleading to generation of anilinium
radical cations(Fig. 3.23). Inthe subsequent
cycles, new oxidation peaks appear which
indicatesthat theseradical cationsundergo
further coupling to form benzenoid structure

(SE,) of 28.9dB (~99.9%), which strongly
depends on dielectric loss, magnetic
permeability and volumefraction of barium
ferritenano particles. Thehighvalueof SE,
suggeststhat these composites can be used
asapromising radar absorbing materials.

and combination of benzenoid and quinoid
structure. However when polymerization of
aniline was carried out in the presence of
Y -Fe,0, particles entrapped in the
surfactant medium, e ectrochemical growth
behaviour shows shifting of peak potential
values, whichindicatestheincorporation of
Y - Fe,0, inthe polymer backbone.
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0.0006 5"
0.0004 3°
0.0002 v
< 0.0000
—0.0002
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—0.0006
—0.0008
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-0.2 0.0 0.2 0.4 0.6 0.8 1.0
‘ EN
0.014
PC11
188 am 0.012 8"
by (e i Birack Mea: 1688482 0.010 &
0.008 2""5‘
Fig.3.22: TEM of composite containing barium ferrite 0.006 '
nano particles 0.004
0.002
Electrochemical Growth < 0000
behaviour of Polyanilinein thepresence o
of ¥ - Fe,O, Nanoparticles 0006
. . . —0.008
Thedectrochemicd polymerization 0010
of anilinewith DBSA inaqueousmediumwas 0012
. . . . -0.2 0.0 0.2 0.4 0.6 X 1.0
carried out using cyclic potential sweep ENV o

method by switchingthepotentia from-0.20  Fig.3.23: Electrochemical growth behaviour of
V t00.95V vs. SCE at ascan rate of 20mV conducting polyanilinein ferrite medium
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Shielding behaviour  of
Conducting Polyanilineembedded with
barrium ferritenanoparticles:

Figure 3.24 shows the variation of the SE
withfrequency inthe12.4-18 GHzrange. It
has been observed that conducting
ferromagnetic compositeof polyanilinewith
barium ferrite nanoparticles (PBF) have
shielding effectiveness (SE) mainly dueto
absorption and it isfound to increase with
ferrite concentration and it stabilizesafter the
threshold loading. Thevariation of SE, for
the PBF21 wasminimum (11.8dB to 13.8dB)
and for the PBF13, the SE, was maximum
(19.9dB to 28.9dB) while the SE due to
reflectionwasnominal and contributed very
little. Thecal culated valueof SE_ liesbetween
1.8dB to 3.1dB.

30
SE, PBF21

SE, PBF11
SE, PBF12
SE, PBF13

o o
o O
15 15 =
L Ll
(2] (]
10 SE; PBF21 10
SE PBF11
SE, PBF12
5 SE. PBF13 5
0 0
12 13 14 15 16 17 18
Frequency (GHz)
Fig.3.24: Shielding Effectiveness of Conducting

polymer-barium ferrite composites in the
frequency range 12.4-18 GHz
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Fig.3.25:

Corrosion inhibition performance:

Tafd polarizationcurveforironin1.0
N HCI with the addition of various
concentrationsof copolymersof anilineand
isopropylanilineisshowninFig.3.25. The
corrosion current value (i ) at different
concentration of theinhibitorsobtained are
listedinFig. 3.25Itisclear fromtheFigure
that the corrosion current values (i, )
decreased from 185 micro amp cm? of that
of blank iron electrodeto 58 micro amp cm
2with the addition of 80 ppm concentration
of ANIPLIS-1whileinthecaseof ANIPLIS
5, the corrosion current values (i, )
decreased to 58 micro amp cm? with the
addition of 60 ppm concentration and 52
micro amp cm2 with the addition of 80 ppm
concentration. Better resultshasbeen found
with theaddition of poly(2-isopropylaniline)-
LIS in the system which showed 80%
corrosoninhibition efficiency a the80 ppm
concentration.

107 10° 10" 10° 107 10"
| (Amps/cm?)

Tafel Polarization curve of copolymers at
different concentrations for studying
corrosioninhibition efficiency of ironin 1.ON
HdA
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ELECTRONIC MATERIALS

The Division of Electronic Materials has undertaken R & D work on several types of materials:
€l ectrol uminescent, photovoltaic and el ectrochromic material's, nanostructured materials, high temperature
superconducting materials, advanced ceramic materialsand polymeric materias, Effortshave a so been made
to develop devicesinvolving these materials, in thin and thick film form aswell asin bulk form, with the
objectiveof transferring successfully devel oped technol ogiesto industry. Besides, the study and characterization
of surfacesand nanostructuresisamajor activity inthisdivison. Thedivisionincludesthefollowing groups:

L uminescent Materialsand Devices Group

Development of phosphors/nanophosphorsby different synthesisroutesfor applicationsin severa
display devices. New down-convers on phosphors/nanophosphorsfor solid statelighting in conjunction with
blue/ near UV LED. Synthesis of doped ZnO nanophosphor through different precursor routesto obtain

p-typeconductivity.
Plasma Processed Materials, Devices and Systems Group

R & D on amorphous and micro/nano silicon, and carbon, based thin films, devices and systems.
Ongoing work on diamond-like carbon films. Tetrahedra amorphouscarbonfilmsdeposited by filtered cathodic
vacuum arc technique.

Silicon and Silicon Devices Group

Reactivation of solar cell fabrication laboratory and processing of p*-p-n* silicon solar cell on50 mm
diameter wafers. Photocurrent Generation Technique devel oped for minority carrier lifetime measurement.
Silicaand silicon oxide nanowire processing and applications.

Nanostructured M aterialsand Devices and Surface Studies

Novel polymer films of PEDOT-SDS having superior electrochromic properties. Synthesis of
nanocrystallinemetal oxidesfor gassensors. Hybrid organi c-inorganic nanocomposites. Conjugated polymers
for organic eectronics. Surface studies of antimony onsilicon, magnesumsilicide, etc.

High Temperature Superconducting Materials & Devices, Advanced Ceramics and Optical
ThinFilms

[Bi-2223] bulk tubefrod and current leadsand long lenght tapesfor high current transport. Microwave
furnacefor preparing betaa uminaionic conductors. Optica biosensor for water pollution monitoring. Narrow
bandpassfilter coatingsfor useinfibreoptic communications. Antireflection coatingson plasticsfor ophthalmic
applications.



Saaglferss  ueref

The Luminescent Materials and
DevicesGroup

Has been engaged in devel oping phosphors/
nanophosphors by different synthesis routes for
applications in stratogic display devices. As
luminescence quantum efficiency of phosphorsplay
avery important role in improving the efficacy of
display devices, anew experimenta facility usngan
integrating sphere has been established for absolute
quantum efficiency measurement of phosphors. The
group hasbeen working on* Synthesisof phosphors
for PlasmaDisplay Panels(PDP)” inassociaionwith
M/sSAMTEL IndiaLtd, Gaziabad onacollaborative
project on“ Development of next generation Plasma
Display Panel Technology and 50” High Definition
(HD) TV Prototype” under NMITLI Program. Red,
Green and Blue (RGB) PDP Phosphors have been
developed. The developed phosphors were tested
under vacuum ultraviolet (VUV) excitationusinga
VUV Xenon lamp and also under UV excitation
attached to L uminescence Spectrometer availableat
NPL. Quantum efficiency of developed phosphors
weremeasured with our new experimentd facility and
compared with commercial PDP phosphorsused by
SAMTEL Colour Lab Ltd. PDP phosphors
developed at NPL have high quantum efficiency
amogt at par with commercia phosphors. Developed
RGB phosphors and their luminescence emission
spectraunder VUV excitation (172 nm) are shown
inFig.4.1.

300000

200000
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Pl Intensity (arb. unit)

400 500 600 700
Wavelength (nm)

NPL developed RGB Phosphors for Plasma
Display Panel applications and
Photoluminescence spectra under VUV
excitation (172 nm)

Fig.4.1:

New down conversion phosphors/
nanophosphors have been explored and devel oped
for solid statelighting in conjunction with blue/ near
UV LED. The main phosphors developed for this
purpose are YA G:Ce codoped with Praseodymium
for successful enhancement of red part of resultant
white LED spectrum, SrAl,O, doped with
Praseodymium and SrAl_,O,, doped with various
rareearth activatorsfor excitation by blue LED light.
Binary & ternary nanophosphor powder andthinfilm
of ZnO/ ZnMgO were developed which were
excitable by near UV (350nm) light (commercial
UV-LED) and can produce broadband white
emission (Fig. 4.2). Optimum synthesi s parameters
for producing reliable and high brightnessZnO and
ZnO,_, S, nanophosphors that could be excited
efficiently in the near UV region (between
340-480 nm) wereidentified and established.
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Fig.4.2: PL Emission spectraat 350 nm excitation
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Photoluminescence emission spectra of
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showing near ideal white emission under near
UV (350 nm) excitation.

Fig.4.3:

ANNUAL REPORT 2007 - 2008



ELECTRONIC MATERIALS

Synthesisof ZnO nanophosphor doped with
akali, akaline earth and transition metal atoms
through different precursor routeswastakenupinan
effort to obtain p-type conductivity inZnOwhichis
very difficult to achieve. p-type conductionin alkali
doped ZnO and Mg doped ZnO has been achieved
(Fig. 4.3). In addition, synthesis of strong green
emitting ZnO phosphor, improvementsin emission
efficiency by doping Mm (misch-metal), Sb and
surface passvation of ZnO nanophosphor by capping
withinorganic aswell asorganic material wasdone
for possible electroluminescent, biological and
pharmaceutical applications. Production processfor
high yield ZnO nanorods/tetrapods/nanostructures
wasoptimizedfor fabrication of futurisicfiddemisson
devices. Band gap engineering of ternary ZnO, | S,
nanophosphor system was successfully carried out
using High Pressure A utoclave attached withahigh
pressureliquid chromatography pump.

The Plasma Processed M aterials, Devices and
Systems

The Plasma Processed Materials,
Devicesand Systems group has been engaged in
R & D onamorphousand micro/nanosilicon, aswell
ascarbon, based thin films, devicesand systems.

(@ Amorphousand micro/nanocrystalline
sliconfilms

Deposition and characterization of pc/ nc-
Si:H and aSi:H thinfilmsusing RF (13.56
MHZz) plasma enhanced chemical vapour
deposition (PECVD) technique with a
gaseous mixture of SiH,+H_+Ar have been
carried out. Thesefilmshave beengrownon
7059 Corning glass and TCO-coated
substrates. Our effortshavebeento optimize
the processfor the deposition of uniform pc-
Si:H filmswith high crystalline content and
high photosensitivity over 100 cm? area.
Thesefilmshave been deposited by varying
process parameters such as gas flow,
deposition pressureand power dengity. It has

been found that micro/nano-structured and
amorphous films are formed in different
pressureregions (0.6 - 8 Torr), asconfirmed
by Raman spectroscopy measurements. The
light intensity F and temperature dependent
photoconductivity ¢ h of thesefilmshave
been measured in the coplanar geometry
configuration, using aluminum electrode
contactswith agap of 0.078 cm. To obtain
the light intensity dependence of  ,, the
samples have been stabilized at a given
temperature long enough to attain thermal

® 2Torr(y=0.31) nc-Si:H
A 4Torr(y=1.12)

o /

10°F e ® hd

° 10k
10°F O 6Tor(y=39)
i 8 Torr (y=381) aSiH
10"k . —
10 F (mW/cm’) 10
Fig.4.4: Dependence of photo-conductivity on light

intensity at room temperature.

—@— 2 Torr
—k— 4 Torr

4 L —Q— 6 Torr
N */%. —— 8 Torr

exponent y

—100 -50 0 50 100 150
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Fig.45: Dependence of the exponenty with

temperature for samples deposited at various
pressures.

equilibrium and thereafter the measurement
of ¢ , hasbeen carried out by varying the
white light intensity F (25 mW/cm? — 100
mWi/cm?). Theplotsof log,, & , vsFhave
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been found to belinear for all samplesand
obey therelation ¢ phélFY , Where yisthe
slopeof theline. It has also been observed
that thevalueof 7y increaseswith decreasing
temperature. At lower intensities, micro /
nanostructured films show higher
photoconductivity than amorphousfilmsfor
agiven temperature. It has also been seen
that micro/nano-structured films (deposited
at 2 and 4 torr pressures) areless sensitive
tohigher lightintengities. Fig. 4.4 & 4.5show
respectively the dependence of
photoconductivity onlight intensity at room
temperature, and variation of theexponent &
with temperature, for samplesdeposited at
variouspressures. We plantotrand atethese
resultsonto large areasubstrateswith high
deposition rates of micro/nano-structured
sliconthinfilms, usng very high frequency
(100MHz & 2.45 GHz) PECV D technique.

Diamond likecarbon films

In continuation of the previousyear’swork,
somemoreslicon-incorporated diamondlike
carbon films have been deposited as a
function of salf biasand pressure, to optimize
the process parameters. It has been found
that under certain sets of deposition
parametersthesefilmswere hard, adhesive
and scratch-free. These films have been
deposited on metallic substrates (whichis
generdly very difficult) withtheaim of using
themfor tribological applications.

Tetrahedral amor phous carbon films
deposited by filtered cathodic vacuum
arc (FCVA) technique

Thenewly designed cathodic jet carbonarc
(CICA) sourcehasbeen fabricated and fitted
intotheexistingfiltered cathodic vacuumarc
(FCVA) system. Severa deposition runsof
nitrogen incorporated amorphous carbon
(aC:N) filmshaving nanoparticleinclusons
have been carried out using nitrogen as a

carrier gas. Themeasurementsof electrical
conductivity, SCLC, transmission, stress,
hardness, SEM, EDAX, and optical
constantson a-C:N films have been made.
Theeffects of various process parameters,
such as arc current, magnetic field and
substrate bias, on the properties of the
deposited filmsarebeing studied.

Silicon and Silicon Devices Group

Inthe Silicon and Silicon Devices Group, the
solar cell fabrication laboratory wasreactivated and
processing of p*-p-n* silicon solar cell on 50 mm
diameter wafers was carried out on polished and
anisotropically textured siliconwafers. Open circuit
voltage >600mV, short circuit current J_ ~24 mA/
cm? on polished and ~31 mA/cm? on textured cells
were achieved. The best conversion efficiency of
12.4% (without anti-refl ection coating) on 18cm? area
wasachieved.

Minority carrier lifetimewasmeasured using
“Photo Current Generation” technique, amethod
developed at NPL. The system was validated by
measuring theminority carrier lifetimeonthematerid
by microwave PCD system (Semilab, Hungary)
avallableat BARC, Mumbai and Sinton’ssystem at
BHEL, Gurgaon. The results were in agreement
within+5%.

A phenomenologicad model of thegeneration
of photovoltage along the horizontal plane of the
obliquely deposited filmson transparent substrates
was developed. Themode isbased on the presence
of obliquely grown grainsseparated by parallel grain
boundaries (GB) acrosswhich GB potentia barriers
exigt. A net photocurrent and hence aphotovoltage
across each grain boundary due to differential
photogeneration of carriersinthefront and back side
of GBs and the horizontal components of this
photovoltage get added up to produce a large
photovoltage. An expression hasbeen derived based
onthismodd which showsthat for low intensitiesof
illumination the horizontal component y/ ,, of the
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photovoltage increases linearly with electrode
separation, resdtivity of thefilmand theincident light
intengity. It depends on the angle of deposition and
under certain conditionsit isexpected to bemaximum
when deposition angle is 45°. The analysis can be
applied to study theeffect of increasein intensity or

decreasein temperatureon v/, . It also showsthat
the photovoltage acrossthethickness of theobliquely
depositedfilmy/ ,, isminimumfor normal degposition
andincreaseswith theincreaseintheangleof oblique
deposition 3.

R & D on silicon/silicon oxide nanowires
processing and applicationswasinitiated by thermal
evaporation of silicon monoxide. Large quantitiesof
SiO, nanowireswere synthesized with diameter in
therange of 30-100 nm and hundreds of micronsin
length. These nanowires have amorphous structure
and show blueemissonat roomtemperature. A typica
SEM micrograph of silicon dioxide nanowiresis
showninFig. 4.6.

Fig.4.6: Typical SEM micrograph of SO, nanowires

Inaddition, arraysof largeareadigned silicon
nanowires were successfully prepared at room
temperature by electrochemical etching process.
Thesearrayshaveexcdlent antireflection surfaceand
could be used for minimizing the optical lossesin
dliconsolar cells. Reflectivity ~1% hasbeen achieved
on SINWsarraysin spectral range 300-600 nm and
an average reflectance of ~ 3 % in entire spectral

range of 300-1100 nm asshown inreflectivity plot

(Fig. 4.7).
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Fig.4.7: Reflectance (R) vs. wavelength plot of SINWs

arrays of different lengths

In the Electrochromic Materialsand Devices

IntheElectrochromic Materialsand Devices
activity, theunequalled potentia of aqueousmicellar
chemigiry for synthesizing nanostructured d ectroactive
polymer films of high cosmetic quality has been
demongtrated by theremarkably high eectrochromic
coloring efficiency, fast color-bleach speeds and

Fig.4.8: Electrochormic propertiesof PEDOT-SDSon
the cover page of Macromolecular Chemistry

and PhysicsVol. 209, No. 2 (2008)
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outstanding durability shown by of poly
(3, 4- ethylenedioxythiophene) filmsand prototype
el ectrochromic windows processed by thismethod.

Under the Synthesis of Nanocrystalline Metal
Oxidesfor Gas Sensors

Under the Synthessof NanocrystdlineMeta
Oxidesfor Gas Sensors activity, nanocrystalline/
mesoporoustin oxide powderswere prepared using
chemicd techniques. Thegassengtivity of thederived
sensorswereinvestigated for various gasesethanol,
acetone, TMA, DMA, ammonia, NO,, CO, LPG
and CNG. SnO, powder was prepared by
precipitation route. Ammoniaand NO_sensorsare
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Fig.4.9: Coloration efficiency and photograph of

elelctrochromic device fabricated using
PEDOT:CSA

desired for environmental monitoring and food
freshnessmonitoring. A systematic study wasmade
toimproveammoniaand NO,_ sensitivity using doped
(Pt,Au, Pd) WO, assensitivematerial . Theeffect of
overlayerssuch as SO,, on responsetime and gas
sensitivity wasinvestigated in detail. A project on
Nanostructured metal oxide gas sensor array for
detection of chemica warfare agents, was sanctioned
by DRDO.

Hybrid Organic- I nor ganic Nanocomposites

Under the Hybrid Organic-Inorganic
Nanocomposites activity, CdSe nanocrystals

(6-10 nm) prepared by chemical routeusing TOP/
TOPO capping were dispersed in conducting PPV
(p-phenylenevinylene) and P3HT (3-hexylthiophene)
polymer matrices using a binary solvent mixture
(pyridine-chloroform) respectively and tailored by
altering the composition and concentration of NC's
in CP. Stern-Volmer plots indicate heterogeneous
quenching of PL emissionfor smaler CdSequantum
dotsensuring efficient chargetransfer processacross
polymer-CdSe interface. This heterogeneous
quenching could beasaresult of insufficient coverage
of polymersonthe surface of CdSe nanocrystallites
due to phase segregation in PPV-CdSe
nanocomposites. Thesuperior stability of thesurface
bonds of P3HT-CdSe nanocompositesas compared
to the corresponding PPV-CdSe nanocompositescan
beducidated from absenceof PL decay. Thesmdlest
sizeof CdSenanocrydtdlitesin conjunction with the
superior surfacemorphology of PSHT polymerscould
be the key for the realization of effective charge
separation and transport in hybrid solar cells.

Sudiesin Conducting Polymers

Under Studiesin Conducting Polymers, the
chemisgtry of chemica dopingin conjugated polymers
has been studied. An evidencefor disruptionin p-
conjugation uponincreasein doping was established
through various photo-physical, electrical and
morphologica investigations. Thedie ectric constant
¢’(w), dielectric loss €”’(w) and ac conductivity
o (w) m of lightly doped poly (3-hexylthiophene)
(P3HT) films give the evidence that, both dc
conductivity aswell asdielectric relaxation originate
from the same hopping process. Thesefindingsgive
in-depth understanding of conjugated polymersfor
applicationinorganic eectronics.

Surface Sudiesand Nanostructures

Under the Surface Studies and
Nanogructuresactivity, theformation of antimony 1D
structures on Si (5 5 12) surface was studied.
Adsorption of antinomy metal on high index
Si (5512) whichiscomposed of (225) and (337)
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regionswith nanoscal ewidthsand row liketrenches
and providesan unique template for the growth of
nanostructureswas studied. Various superstructura
phaseswereformed by steering thekinetic parameters
and post growth annealing of the surface
corresponding to various coverages and substrate
temperatures. These were probed in-situ by Low
Energy Electron Diffraction (LEED), Auger Electron
Spectroscopy (AES), and Electron Energy Loss
Spectroscopy (EELS). Thegrowth of Sbhat 300°C
substrate temperature and annealing to 820°C leads
to theformation of low dimensional phaseshaving
anisotropy likeatomicwires. Theresultsdemonstrate
thepathwaysfor 1D and 2D nanostructureformation.
In For mation of Magnesium Silicide studies, the
adsorption studies of magnesum on Si (1 1 1)
subgtrate hasbeen performed using AES, LEED and
EELS at various substrate temperatures. It is
observed that the sticking coefficient of magnesium
ontheslicidesurfaceiscloseto zerofor temperatures
greater than 100°C. Magnesium silicide grows as
continuousfilmson S subgtrateat 100-140°C, while
above 170°Cit growsintheform of idands.

High Temperature Superconducting M aterials
& Devices group

In the High Temperature Superconducting
Materials & Devices group, the development of
(Bi,Ph),S,Ca,Cu,0,, [Bi-2223] bulk tube/rod and
current leadsand long length tapesfor high current
transport was taken up. A pair of bulk tube
(L=430mm, OD=48mm, ID=46mm) joint current
leadscarrying transport critica current of 85% of that
of theindividual tubecarrying >1KA at 77K in self
field hasbeen devel oped. Optimization of preparation
parameterstoimprovethetransport current through
thejointisin progress. Multi-filamentary Bi-2223
tapes (> 35 mlong) having 7, 13 and 21 filaments
carrying I ~7-10A at 77K in self-field have been
devel oped. To understand the nature of pairing and
insearch of effective pinning centers, CESR studies
of Bi-2223 samples doped with Pr (0-0.1M%)
prepared under optimized conditions have been

carried out at RT and 77K. Presence and
disgppearance of CESR sgnd dongwith Plaizmann-
Wolf linesat RT and 77K respectively confirmsfurther
theroleof enhanced exchangeinteractioninthisHTS
system. Temperature/angular variation studiesof this
seriesareinprogress. XRD, SEM of these samples
have also been carried out. AC susceptibility and RT
measurements of these samples showed a dight
decrease in T_from 112K for pure and 110K for
0.10M% Pr doped sample (Fig. 4.10). Transport Jc
of bar-shaped samples(L=35mm,W=12mm,t=2mm)
isintherange of 10°to 10°A at 77K insdf fidld.
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Fig.4.10: AC susceptibility and RT measurements on

Bi-2223 samplesdoped with Pr
Advanced Ceramics

Under theAdvanced Ceramicsactivity, for
preparing betaa uminaionic conductors, amicrowave
furnace was designed and fabricated for operation
upto 1800 °C. The problem of thermal runaway was
solved by modifying thefurnacedesign (Fig. 4.11).
For develop-ing optical biosensors, a 0.001 M
solution of 3-hydroxy-3-phenyl-1-p-chlorophenyl
tria-zene (fluorescent material) was prepared in
acetone, pH maintained at 5.6 by ammonium acetate
(5% wi/v solution in H,0) and fluorescence was
measured with variation of concentration of Maathion.
Thefluorescenceintensity continuously decreased
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Fig.4.11:

Thermal runaway in microwave

withincreasing concentration of Maathion. Thiswas
not observed with other triazenes. Thevariationin
wavelength as well as fluorescence intensity was
observed in pure distilled water and in Malathion
solution.

Optical Thin Films

Under theOpticad Thin Flmsactivity, narrow
bandpassfilter coatingswith peak transmittances of
60-80 % in the 800-900 nm and 1500-1700 nm
regions, for potential use in wavelength division
multiplexing (WDM) applications for fibre optic
communications, weresuccessfully developed. Using
an in-house designed, fabricated and assembled
plasma polymerization deposition system, with a
argon-oxygen RF plasmaat 13.56 MHz and non-
toxicliquid organic precursors, processes have been
successfully developed to make the surface of
polycarbonate (PC) ‘wettable’, to improve its
hardnessand to deposit polymericfilmsof slica titania
and silicon nitride of desired thicknesses. Prototype
4-layer antireflection coatings (ARC) of satisfactory

hardness, adhes on and durability have been deposited
on PC substrates (Fig. 4.12), and consultancy can
be offered for setting up a deposition facility for
ARC'son plasticlensesfor ophthalmic applications.
The deposition of pure rutile- and brookite-phase
titaniacrystdsof largesurfacearea, havingdimensons
inthe 300-1200 nm range, has been accomplished
by PECV D under different substrate biasvoltages,

at room temperature (Fig. 4.13).
100

98 PC with 4 layer ARC and carbonyT—<zirsre....
96- SiO, layer [both sides]

% 04.] PC with carbonyl SiO, layer [both sides]

§ o

= i Bare PC

£ 904 " —

S - Calculated

88 __ Deposited
864 PC [GE Lexan], 2 mm thick
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Wavelength (nm)

Fig.4.12: Measured and calculated transmittance vs
wavelength characteristics of abare, carbonyl
silica coated, and 4 layer ARC plus carbonyl
silica coated, PC substrate, with both sides
coated.

Fig.4.13: SEM micrograph of as-deposited brookite

titaniacrystal's, deposited by PECVD at — 250
V applied bias, at room temperature.
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MATERIALS CHARACTERIZATION

Characterization of various materialsbeing developed at NPL, likethin films, nano tubes, nanorods,
nano wires, composite material sfor engineering applications, e ectronic materialsfor devicefabrication etc.
arebeing carried out regarding their composition, traceimpurities, crystaline structure, crystalline perfection,
surfaces& interfaces, at thisdivison regularly ascentra facility of thelaboratory. Thedivisonisa so engaged
indifferent R & D activitiesof itsown with definitetargetsin tune with theresearch plan of thelaboratory asa
whole. Someof theimportant R & D activitiesof thedivision persued during thisperiodislisted bel ow:

Chemica analysisof materialswhich areof national interest giving servicestothesociety, vig. i) Poly
auminium Chloride (PAC), Aluminaferric used intreatment & purifying water ii) indelibleink for eectoral
process, iii) gascharacterizationfor VVIPsecurity.

Threenew solid CRMsBND 3404.01 Plain Carbon Steel composition; BND 3405.01 Plain Carbon
Sted, Composition 2and BND 3301.01—Aluminainternd standard wererd eased during 10" Asan Symposium
on Precision Forging. TheLaB, X-ray line position and line CRM isunder preparation.

Detail study of nono-crystalling ZnO synthesized by sol-gel & RF sputtering processwere carried out
using different characterization techniques. Radiation induced paramagnetic defectsin natural quartz from
Brazil and Arkansas werestudied by EPR spectroscopy. EPR signal pertaining to [AlO,]° centrewas observed
inthesesamples.

A selectiverangetemperature sensor hasbeen devel oped using ferrofluid and applied for patent. The
deviceis capable of sensing very low precision temperaturei.e. 5SmK in termsof mV signal generated at
constant atmospheric pressure. This device has many useful applications viz. standard, calibration of
thermometers, defense, medical and biomedical applicationsetc.

Work related to installation of New HR-TEM hasbeen compl eted and the systemisnow operational .
Finemicrostructuresof nano-dimensiona particles, wires, rods, poresand channelsin WO, hasbeeninterpreted
adongwithther crystalographic symmetriesto understand their influence on different optica and dectrochromic
properties

Various types of doped & undoped organic, semiorganic, inorganic crystals were grown and
characterized by HR—XRD and other characterization techniques. Undoped, Mg doped and Mg, Nd codoped
LiNbO, singlecrystalsgrown by Czochralski technique were characterized by HRXRD. TheMg, Nd codoped
crystalsshow better crystaline perfection. Optical transmission study showstheblueshiftinthe cutoff frequency
in Mg doped and Mg, Nd codoped LiNbO, crystals.

SIM Sdepth profiling of different e ectro-chemically prepared Cu-Co heterostructuresweredone. In
thiswork, theideaof using SIM Swasto confirm theformation of heterosturcture multi-layersandto confirm
theuniformity of the deposited layers. Another objectivewasto check theextent of impuritiesand inter-mixing
of Cu, Coin eachlayer dueto the el ectro-chemical method of sample preparation used.
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Chemical Metrology

After merger of Indian reference material
activity with analytical chemistry, a new activity
“Chemica Metrology” hasbeenformed withafocus
on Metrology in Chemistry (MiC) for providing
traceability in chemical measurementsby NPLI by
doing R&D invariousareasin awell coordinated
network mode involving many CSIR and other
institutes. It envisages participating in consultative
committee on quantity of matter (CCQM)/ Asia
pacific metrology program (APMP) and other
international comparisons, includes preparation &
dissemination of certified reference materia (CRM),
proficiency testing programme with national
accreditation board for testing & calibration
laboratories (NABL) accredited laboratories to
providetracesbility in chemical measurementsinthe
country. Thematerias characterization for chemical
purity/ impurity and composition is the ongoing
servicegivenfor in-house, public & private sector
and for societal needs.

Ministry of environment & forestsnational
communication (NATCOM) projectswork started
for second national communication for quality
assurancefor all itsnationa teams. Ongoing project
studiesin SEI-Swedish sponsored project related to
physico-chemical characterization of dry & wet
precipitation, apart fromAs apacific network (APN)
on global change-health project work, continued
including scientific & technical support to our
collaborators. Proficiency testing (PT) Phase-I
project (code PT-44) for NABL inchemical discipline
has been completed for the NABL accredited
laboratories. During this period, three new CRMs
[BND 3404.01 and 3405.01 for plain carbon steel
and BND 3301.01 for o- Aluminainterna standard]

were released on 5" November 2007 by Mr Ajay
Shankar, Secretary, Department of Industrial Policy
and Promoation, Ministry of Commerceand industry,
Government of Indiaand Mr. Sunil Kant Munjal,
Chairman, Hero Corporate ServicesLtd, inthe 10th
Asian Symposium on Precision Forging at India
Habitat Centre, New Delhi (Fig. 5.1). Participated
in CCQM-P96/ APMP.QM-P11 (Arsenic content
inmarineswordfish); CCQM-P97/ APMP.QM-P10
(Cadmiumand Lead in Herb) (Fig. 5.2); and Inter-
laboratory comparison for artificial rainwater under
10t 2007(Wet) EANET (Acid Deposition
Monitoring Network in EastAsia).

Fig.5.1: Release of three new CRMs
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EPR & IR Spectroscopy

ZnO exhibits a variety of nanostructures.
Thesenanodructuresformthebasisof next generation
electronics, photonics and a variety of other
applicationsrelated to thefield of environment and
biotechnolgy. ZnO isasemiconductor withawide
band gap of 3.37 eV andlargeexciton binding energy
of 60 meV. Inthe present work inexpensive sol-gel
techniqueis used as compared to other expensive
techniques suchasMBE, MOCVD, PLD etc. The
characterization of thesefilmsbecomeimportantin
deciding their deviceworthinessbeforeintegrating
them in the device for the cost effectiveness,
consistency and reliability of the sensor. Inthiswork,
nanocrystalline ZnO thin films grown by sol-gel
processusi ng zinc acetate as precursor materia were
studied for their microscopic and paramagnetic
propertiesby high resolution XRD, SEM, TEM and
EPR spectroscopi ¢ techniques.

XRD diffraction pattern showed
polycrystdlinenature of thesefilmswith preferential
orientation of (002) plane. SEM micrographsof this
film showed theformeation of nanowallsand uniform
deposition of filmswithout any cracks etc. These
nanowalls have sharp edges which become good
candidates for field emission applications. The
nanowalls grown are crystalline in nature with a
preferred orientationinthe c-axisdirection.

Theorientation and faceting of sol-gdl derived
ZnO thin films were studied as a function of sol
strength. These studiesreveal ed that orientationin
piezoelectric direction and the faceting of ZnO
nanodiructuresimproved from spherica to hexagond
when sol strength wasincreased from 10% to 25%
instages.

EPR spectroscopy is a very sensitive
specialized techniqueto characterize paramagnetic
centres/impurities/defectsinany materid. Inthiswork,

EPR Spectroscopy wasused toinvestigatethe oxygen
vacanciesin ZnO nanocrystdlinethinfilmsprepared
by sol-gel method by using zinc acetate as precursor
materid . Different sol-concentrationswereusedin
sol-gel derived ZnO thin filmson silicon subastrate.
A singlenarrow lineEPR signaswith g-valuesinthe
range 1.9600-1.9700 was observed in these films.
ThisEPR sgnd correspondstotheZnOwithwurtzite
gructurehaving singly ionized oxygen vacancieswith
electron. The oxygen vacanciesareformedinthese
filmsduring growth processwhen oxidation of zinc
takesplace by theatmosphericair. At that time, under
suitable conditionsunstable neutral oxygen vacancies
are formed which are easily decompsed to singly
ionized oxygenvacancy andsngledectron. Thissngle
positively charged oxygen vacancy isoccupied by
one electron and is of paramagnetic nature dueto
thisEPR signdl isobserved in these measurements.
The appearance of thissignal at room temperature
confirmsthe nanocrystaline nature of thesefilms.

Radiation induced paramagnetic defectsin
natural quartz from Brazil and Arkansaswerestudied
by EPR spectroscopy. EPR signal pertaining to
[AIQ,]° centrewas observed in these sampl es. Ge-
doped crystalline quartz has been examined for its
thermally stimulated luminescenceand hasbeenfound
to exhibit TL-glow peaksat 100, 200, and 310 °C.
While the pesks at 100 and 310 °C have aready
been noticed in conventionally grown quartz, thenew
peak at 200 °C, observed in the present studies,
appears to be due to the presence of Ge in quartz
lattice. Theradiation dependence of this peak upon
irradiation at 300 K by high energy electrons 1.75
MeV has been presented and the results have been
compared and discussed in terms of the hydroxyl
defectsinnatural, cultured, and Ge-doped cultured
quartz.
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In addition to this work, vibrational and
photoluminescence (PL) studies of different para-
toluene sulphonic acid (PTSA) doped polyaniline
conducting polymers were studied to reveal their
structural and optoelectronic properties. Infrared
transmittance spectraof thesefilmscconfirmed the
formation of PTSA doped polyaniline salt. Four
benzenoid and one quinoid chain is the basic
oligomeric unit in these polymerswhith their ends
capped with phenyl rings. A strong photoluminescence
(PL) emission peak at 435.74 nmwas observed due
to singlet excitons. The orderly arrangement of
benzenoid and quinoid ringsin polymeric chain and
their ? conjugation coupling has helped in the
formation of anglet excitons. Theintensgity of thispesk
varies with change in dopant concentration. the
concentration of singlet exciton increases due to
Increasein conjugation length whichiscomparable
tothe delocdlization length of singlet exciton.

Calibration of Thermovision Camerasand
Polystyrenefilmsfromvariousoutsde agenciesviz,.
National Productivity Council, New Delhi, Subros
Ltd.-Noida, Matrix Ltd.-Nashik, Maruti Udyog
Ltd.-Gurgaon, Chosksi Ltd.-Indoreand BeePharmo
Ltd.-Mumbai were done. This has helped in ECF
generation. Further FT-IR and FT-Raman
Spectroscopic testing facilities were provided to
variousdevelopmentd projectsof NPL and outside
agencies and assistance was aso provided in the
interpretation of resultsof alarge number of samples.
Thesamplesstudied are Polymers, GalliumArsenide
Oxide, Annedled micro CrystalineSilicon, TiO, and
InSb, MgFe,O, doped with LiCe, Nano-Crystaline
dliconand Fused Silica.

X-ray Analysis
Facilitiesfor Characterization of Materials by

XRD and XRF Techniques

Facilitiesfor characterization of materialsby
XRD/XRF techniqueswere provided for amost all
projects of NPL on development of materials and

devices. Morethan 650 sampleswerereceived from
variousgroupsof NPL and outs de organizationsfor
structural characterization and eementa andysis.

Synthesis and Characterization of
NanocrystallineZinc Oxide

Preparation of zinc oxide nanoparticlesand
the study of their microstructure is of extreme
importance for understanding their basic material
properties. Nanocrystalline zinc oxide powder
samples were prepared by wet-chemical method
under different growth conditions. The synthesized
powder samples were investigated for crystalline
phase, microgtructura, morphologica and luminescent
characterigtics. Variationsinszeand shgpeof particles
wereobtaned under different conditions. Theseinitia
results suggest that the size and shape of zinc oxide
particlesprepared by as mplewet-chemica method
may be controlled by growth conditions. Results of
microstructure and luminescent characteristicswere
correlated.

Nanocrystalline M agneticAlloy

Nano-crystallinemagnetic alloy CoFe,were
developed and andyzed for itspotentid applications.
X-ray diffraction peaksand intensity of nano alloy
confirmed the stability of the particles. The coreto
surfaceratio of particleisvery largewhich creates
negative pressure and forms a CoFe nano — alloy
fromtheinitidly syntheszed mixedferrite Theparticles
gzevariesfrom5 - 28 nm on changing theannedling
temperaturefrom 373K to 1173K. On heating, the
crysaliteszeaswell asthe saturation magnetization
(Ms) increasesfrom20emug*to110emug™. The
material has been utilized for the electromagnetic
interference shielding applications. Themateria was
studied in K band region using vector network
analyzer shows> 65 d, microwave absorptionwith
samplethicknessof 1.75 mm.

Ferrofluid Based Temper atur e Sensor

A selective range temperature sensor has
been developed using ferrofluid. The principal is
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Fig.5.3: Experimental set up for ferrofluid based

thermometer

based on sensing minute changein air volumedueto
temperature according to standard gas law
(PV=nRT). Thedeviceconsstsof aclosed container
withvery low friction ferrof|uid bearing based piston
which moveswhen the temperature changesinside
the container. Thecoefficient of friction of themagnets
motion is tremendously reduced using ferrofluid
material. Thisunique property of magnetslevitation
by ferrofluidisexploited for making thetemperature-
sensing device. An electrical AC signal has been
produced at the output to sense the change in
temperature is<1mK. The graph showsthelinear
variationinthethermometer out put with temperature
at varying atmospheric pressure.

25.8 26 26.2 26.4 26.6 26.8 27
Temperature (Deg. C)

Thermometer Output (mV)

Fig.5.4: Thermometer output in millivolt signal

Size-Induced Temperature Effect in Nano
CrystallineCoFe,O,

Studied different Szenano-magnetic particles
to understand the changein the physical properties
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Fig.5.5: XRD patterns of nano-crystalline CoFe204

particles annealed at (a) 373K, (b) 573K,
(c) 773K, (d) 973K and (e) 1173K

becauselarge volumefraction of atomsoccupy the
grainboundary area. Synthesized nanoparticleswere
annealed in varying temperature. Crystallinity
improvesonincreasing temperature 373K to 1173K
for 2 hrs duration. The material remains single
crystalinephasein al thetemperatureasshownin
(Fig. 5.5). At the applied magnetic field of 5000 Oe
observed from the magneti zation curvesisfound to
increasesfrom 18emu/gmfor the sampleannedled at
373K to 74 emu/gmfor thesampleannedled at 1173
K.Alsothecorecivity firstincreasesfrom 0 Oefor
theparticlesanneded at 373K uptoamaximumvaue
of 1200 Oefor the particlesannealed at 973K, on
further annedling theparticlesat 1173K itisobserved
that the corecivity decreases to 1000 Oe. The
variation of corecivity with particle size is also
explained on the basic of domain structure, diameter
of particle and crystal anisotropy. The saturation
magnetization for the nanocrystallinecobdt ferriteis
found lower to their bulk value, which can be
attributed to the surface spin canting. Further, thesize
reduction of magnetic particles leads to several
unusua propertieslikedisorder of surface spin (spin
canting), surface anisotropy, SPnature and hence it
can betailor for specific applications.
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Preparation and Certification of a-Al,O,
Reference Material (CRM) for XRD

Prepared o-AL O, particles of sizes< 20
um for the certification and dissemination of CRM
materials to calibrate powder X-ray diffraction
equipment. The crystalinity of the material was
improved by annealing at 1400 °C for 11 hrs. The
XRD pattern was recorded with a step size of
0.005%3 sec and specimen spinning speed of 30 rpm.
Theentire powder pattern showsthat the materid is
well crystalline with FWHM of 0.045°for the 113
diffraction pesk. Thediffraction pattern matcheswell
with PDF file 10-0173 of ICDD. The material
crystalizesinrhombohedral and the cell parameter
caculated asa=4.7736 £ 0.0034 A° c = 12.9930
+0.0022A°% c/a=2.72185,Z=6,D = 3.989A°
The repeatability of the powder data result was
verified by replicate measurements (10 numbers)
performed over aperiod of time. Likethis, twelve
different laboratories including few foreign labs
participated in the certification procedure. The
material wasreleased on 5" November 2007 andis
now availablefor itsuse.

NPL-I1TD Joint Work: Characterization of Zinc
OxideFilms

Work was continued on analysisof structural
characterigticsof zincoxidefilms(prepared by 11 TD).
Theresultswerefurther used for correlationwith other
materid characterigtics.

Quality System

For Materid sMetrology Programmeof NPL
andimplementation of Quality Systemfor Materids
Characterization Division, Quality Documentsfor
testing by XRD and XRF techniques have been
prepared.

Electron Microscopy

Transmission electron microscope at NPL
isutilized asthe centrd facility for the characterization
of materiads. Different typesof samplesintheformof
thin films and powders prepared by various
techniqueshave been received from different groups
of NPL working onthedevel opment of new materids.
These samples have been characterized for their
particles shape, size, distribution of particles, phase
identification etc., using transmission electron
microscopy technique.

Someof thesamplesaregold nano particles
prepared through chemical routeat 4°C., 10°C and
roomtemp., Silicon Nanowireson S and quartz, Te
doped InSb thin thin films at Rt and annealed at
200°C, ZnO powder doped with Na (2 and 10 %)
andLi 2%, CNT prepared by CV D technique, Fe,O,
ferrofluid with different PH values, Fe,O, powder
Indian aswell as Imported, NiS and MnS powder
megnetic materiasinnanoform, TiO, filmspureand
doped with 1.0 and 1.6% Fe, Cd ferrite, S/Mn/Si
prestineaswell asirradiated, Electrochromic Device
based on CNT Functionalized poly methylpyrol
synthesized in hydrophobicionicliquid medium. In
Figure 5.6 TEM bright field image represents the
CNTsfunctiondized poly (methylpyrrole) filmsgrown
by electrodepositioninionicliquidsinwhich (a-c)
showsthe regular, smooth ( with compact surface
having nodules of very low average diameter and
(a-f) Poly (methylpyrrole) covered with CNTsgiving
moremechanica Integrity.

About 110 sample were received from the
variousgroupsof NPL working on the devel opment
of new and advanced materias. These samplewere
characterized by using TEM. Thisfacility wasalso
extended to variousindustries.
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Fig.5.6: TEM micrographs of a (a-c) poly

(methylpyrrole) (d-f) CNTsfunctionalized poly
(methylpyrrole) films grown by
electrodeposition inionic liquids.

Scanning Electron Microscopy and Energy
Dispersive Spectroscopy isanother central facility of
thelaboratory whichisextensively used by various
R& D groupsof NPL, other scientificR & D indtitutes
and Industrial organizationsfor characterization of
materialsfor surface microstructure and chemical
compositional measurement.

Someof themateria scharacterized by usng
SEM are Al-Si powder samples, Mg-Al Alloys,
Oxidase coatings, metal doped polymer films,
polymer powdersand filmswith and without enzyme
and DNA, Gold nanoparticles with and without
enzymes, High Tc Superconducting Bi2223
multifilaments samples Bi2223 doped with Euand
Thdopings, Y 123 with Pr doping, MgB, Pureand
with SIC, Mg ferrite and Li-Mg Ferrite samples,
Pr-Ba-MnO, Compositeswith different additives,
SAM layerswith PPY, PNA and DNA, PANI plane,

protein immobilized with and without DNA,
PANI+CNT composites, LDPE films, CdSeTe
Alloys of different ratios and at different temps,
Particulate matter/filter paper collected from different
locations, Au film/ITO, gold nanoparticles with
enzyme and gold nanoparticleswith pyrol, Lithium-
CeFerrite Samples, PECVD grownTiO, filmg/S,
TiO, filmson different substratesetched withHF and
NaOH treated, MgB, Pure and with 10% SiC
samplesannealed at different temperatures, Graphite
composites with mixing of Chitosan polymer, Al,
ALO,, Al +Al.0O, powdersbal milled, La-S-MnO,
filmg/SITiO, substrate prepared by DC magnetron
sputtering technique, Alkaline and acid texturised
micro crystalline Silicon, Porus Silicon samples.
Humidity response of Li- substituted magnesium
ferritehasbeen studiedin detail. SEM micrograph of
Li- substituted magnesium ferrite hasbeen shownin

(Fig.5.7).

Fig.5.7: SEM Micrographof pureMgFe,0,, (i) Mg,

Li,,Fe,0, (iii)Mg,,Li,,Fe,0,and (iv) Mg, ,
Li,,Fe0,
More than 1000 samples have been examined
by SEM and EDSfor surfacemicrostructureand
compositional analysis.

SEM and EDSfacility is also used by the
industry for carrying out different type of testing and
analysiswork. During the period different samples
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werereceived fromindustry for particle s ze, shape,
surface structure, fracture analysis, thickness and
chemical compositional analysis. Some of the
industriesfor which SEM/EDSanalysiswerecarried
out are M/s. Oriental Carbon and ChemicalsLtd.,
New Delhi, M/s. Mindarika Pvt. Ltd., Gurgaon,
M/s. MNIT, Jaipur, M/s. Ranbaxy R&D Lab.
Gurgaon, M/s. NTPC, R&D centre Noida, Central
Road Research Ingtitute New Delhi, M/s. Moser Baer
PhotovoltaicsLtd., Gautam Budh Nagar, M/s. KPS
Consultant & Impex Pvt. Ltd. New Delhi

Crystal Growth and
Characterization

Growth and Characterization of Nonlinear
Optical (NLO) organic, inorganic and
semiorganic singlecrystals

Therecently started R& D activity of growth
and characterization of NLO singlecrystalshasbeen
continuedinview of (i) growing good quality crystals
(if) growing big size crystals suitable for device
applicationsrelated to photonics, (iii) to enhancethe
efficiency of second harmonic generation (SHG) by
using different dopantsand functiona groups, (iv) to
search new NLO materials and grow their single
crysas, (v) toevauatetheir crystalline perfection by
high-resolution XRD and (vi) other studies like
powder XRD, FTIR, UV-Vis. etc. Inthisendeavor
andwiththehelp of variouscollaboratorsworkingin
thisupcoming areawehaveachieved severd important
R& D resultsleading to twenty onearticlesinleading
SCI journals and one article in non SCI journal.
Some of these important results are briefly
described below.

Very recently we have grown and
characterized someorganic (Benzimidazole), inorganic
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Diffraction curves (DCs) recorded for KCl
doped ADP crystals. Increase in broadness
and asymmetry of DCs without splitting
shows the accommodation capability of KCl
dopants in ADP crystals that lead to increase
(uptotwice) inthe SHG efficiency.

(66 ANNUAL REPORT 2007 - 2008



MATERIALS CHARACTERIZATION

(ADP) and semiorganic (ZTS) crystalsdoped with
nonNLO likeKCI, Mn, Oxalicacidand NLO like
urea and N-methyl urea. Due to these dopants,
considerable enhancement in SHG efficiency was
observed.

DAST crystal which is one of the high
nonlinearity (141 timesthan that of urea) materials
amongall theever knownNLO singlecrystasgrown
by dope nuc egtion technique hasbeen characterized.

Growth and Characterization of semiorganic
ZTC, aNLO single crystal grown by SEST and
unidirectional Sankaranarayanan-Ramasamy (SR)
methods have been carried out. Crystals up to 12
mm dia and 40 mm length have been grown. Its
crystalline perfection and diel ectric propertieshave
been assessed.

OrganicNLO singlecrystal of hippuricacid
has been grown and characterized by unidirectional
SR method. Itsrelaivenonlinear optica efficiency is
1.54 timesbetter than that of KDP.

Undoped, Mg doped and Mg, Nd codoped
LiNbO, single crystals grown by CZ method (at
RRCAT, Indore) were characterized by HRXRD and
found better perfection & optical propertiesdueto
doping.

Variety of new NLO crygaslikeAmmonium
malate, glycine phosphate, DMAPNP, L-Tartaric
acid, cadmium mercury thiocyanate, zinc cadmium
thiocyanate etc. have been grown and characterized.

M aj or technical achievements:

Rectification of Russian make L ow thermal
gradient Czochralski (LTG-CZ) crystal growth
system. Thisgifted sysemworth few croresof rupees
as per the present rates was not operational from

several yearsdueto lack of any help fromthefirm
who gifted the system. It isnow rectified successfully
foritsfull operation. Trail experimentsto grow BGO
crystalsaregoing on.

After procuring and installation of 50 kVA
UPSintherecent past, trail experimentsto grow 40
to 50 mmdialithiumniobate snglecrystasaregoing
on. Lot of developmentd work inthe crucible set up
and the RF furnace is going on to get good quality
crystalswith out cracks.

Surface and Interface analysis by
SIMS

Compositional and structural analysis of
RF magnetron sputtered La**-modified
PZT thinfilms

Lanthanum-modified lead zirconatetitanate
(PLZT) thin films in pure perovskite phase was
prepared by RF magnetron sputtering. For this
purpose, a3-in. diameter target of PLZT (8/60/40)
was prepared by conventional solid-state reaction
route. Thechemica compostionof PLZT target was
determined using gravimetric analysisfollowed by
UV-visand flame atomic absorption spectrometry.
Various deposition parameters such as target-to-
substrate spacing, deposition temperature, post-
deposition anneading temperatureand time have been
optimizedto obtain PLZT filmsin pure perovskite
phase. Thefilmspreparedin pureargon at 100WRF
power without external substrate heating exhibited
pure perovskite phase after rapid thermal annealing
(RTA) as confirmed by X-ray diffraction (XRD).
Compositional analysis of the PLZT film was
performed by secondary ion mass spectroscopy
(SIMS) using PLZT target asstandard sample. Depth
profile of thefilm showsvery good stoichiometric
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uniformity of all elementsof PLZT. SIMSanaysis,
wasperformed on PLZT thinfilm prepared without
external substrate heating followed by RTA at
700° Cfor 5minand also on PLZT target. Fig. 5.9
showsthedepth profileof PLZT film. Exceptinthe
few nanometersregion near the upper surface, the
stoichiometric uniformity of all elementsof PLZT
throughout the bulk of the film is evident. The
concentration of lead on the surface of thefilmwas
found to behigher comparedtoitsbulk value. Thus,
thewt% of lead insidethefilm should beclosetothe
expected wt% (59.18). However, the concentration
of other dementsinsdethefilmissomewhat higher
than the corresponding valueson the surface. This
indicates that the wt% of lanthanum, zirconium,
titanium and oxygeninthedepth of thefilmareaso
closetotheir expected values 3.45, 16.65, 5.83 and
14.89, respectively. Lead enrichment onthe surface
of the film can be explained on the basis of the
evaporation of lead towardsthe surface during the

annealing processduetoitshigh volatility at higher
temperatures. Similar lead enrichment in the near
surfaceregion hasa so been observed on PZT films
deposited by sol—gel technique (Wattset al., 2005).
Therefore, it canbesaid that thiseffectisanintrinsc
phenomenon andisnot related to aspecific deposition
process.
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Fig.5.9:  SIMS depth profile of various elements of

PLZT film prepared without external substrate
heating and RTA at 700° C for 5min.
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RADIO AND ATMOSPHERIC SCIENCES

Theactivities of the Radio and Atmospheric Sciences Division comprisewith two Magjor Laboratory
projects of thelaboratory. Thefirst project isentitled “ Radio Physicsand Applications’. It dealswith the
characterization of ionized and nonionized mediato aidionospheric and tropospheric communi cation systems.
Incase of ionospheric communication the work are mainly on space physics, HF communication and
navigational applicationwhilefor tropospheric communication, it coversal aspectsof radio wave propagation
over bothterrestria and earth space pathsand mobile aswell asmarine communication covering thefrequency
from VVHF up to many gigahertz of radio frequency spectrum. Themain achievementsin theareaof space
physics include collection of different typesof long seriesof ionospheric datafor Indian zonefor developing
ionospheric models, vaidation of international referenceionosphere(IRI) model, development of user friendly
point to-point HF-link prediction and TEC mode sfor Indian zonefor radio cmmunication and navigation and
software devel opment for tomographicimagesover Indian zone, activities of RWC-Indiafor providing Space
Weather Services, HF-link predictionsetc to the users, stormtimeionospheric HF predictionsmodel over
Delhi, initiated new study related to earthquake precursor observed asionospheric perturbationsfew days
before the actual occurrence of an earthquake, prediction of next solar cycle 24 for various applications
including ionospheric predictions, satellitelaunching and tracking .etc., some storm time studi es conducted for
low ionospheric activity storm, thedesign of electrometer for bothlon & Electron RPA for Satellitefor Earth’s
Near Space Environment (SENSE) experiment and aVLF receiver system sent to Antarctica as part of
winter programme. Thework carried out i n tropospheric communi cation include estimation of several cloud
parametersviz. radar reflectivity, cloud thickness, cloud height, vertical integrated liquid water content, rain
ratedistribution, precipitation accumulation and rainfall drop velocity etc. , from the measurementsof cloud
parameters taken by the Doppler radar operating in C-band bel onging to the IndiaMeteorol ogica Department
over Kolkatafor radio communication application, the performance of satellite communication over earth
spacepath for direct to home (DTH) servicesat 12 GHz onthebasisof carrier intensity observations pertaining
to the monsoon monthsunder clear air, cloudy and rainy condition, application of radio planning tool to predict
path lossalong Indianrail road and over rural zones, effect of railway tunnelson mobile communicationsin
western India, preliminary work on rura communicationsin difficult terrainsof Orissa and Jharkhand Regions
and experimentsin 900 MHz bandin NCR region using in collaborationwith Aircom International, planned the
radio system configuration and configuration of aDoppler Sodar for thestudy of Therma structure Parameter
of the boundary layer up to aheight of 400m.

The second Mg or Laboratory Project isentitled “ Atmospheric Environment and Globa Change”.
Themain achievementsinthisproject arethe operation of amicro pulselidar for continuous measurements of
aerosolsand clouds, estimation of vertical distribution of ozoneover Delhi, Puneand Trivandrum revealing
significantly high tropospheric ozone during January-February, estimation of budget of carbonaceousaerosols



from biofuelsfrom thedistrict wide sampling in Delhi, detecting influence of monsoon associated mesoscale
convection systemson tropical tropopause region, estimation of aerosol radiation forcing over Kanpur during
pre monsoon, single scattering Albedo and aerosol radiation forcing estimation over Delhi for fiveyears
(2002-06), seasond variation of aerosol black carbon and itsimpact over radiaion flux over Delhi, investigation
of someanomal ousfeaturesinthe Martian ionosphereusing Marsglobal surveyor data, interesting new data
setson CO from snow pack in polar regions, sizedistribution among surface aerosolsin 2007 usng GRIMM
spectrometer, continuation of regular ambient observations related to surface ozone, NOx, CO, NMHC,
column content of Ozone, water vapour AOD and UV radiation aswell astheoretical explanation of low
stratospheric ozoneover Indian subcontinent and thework rel ated to themodel for forecasting thelocal time
of clearance of fog. The Centre of global change and the South Asian Regional Research Centreof ICSU’s
START programmefor regiona studiesof globa changewhich promote capacity buildinginthelndianregion
for coordinated multi-agency multi-disciplinary national andinternational programmesarestill operated asa
part of thisMajor Laboratory Project.

A Regional Facility on Radio Science (RFRS) started under theleadership of Late Dr.A.PMitra, FRS
in Radio and Atmospheric Sciences Divis onwith the objectivesmainly to promote capacity building, particularly
human resource and expertise devel opment inthefield of Radio Science and to disseminateinformation and
coordinatethe Radio Sciencerelated activitiesin Indiaand around isa so in operation.
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Prediction of maximum amplitude
and shape of Sunspot Cyclenumber
24 for different applications -
Revised and updated

Thecharacteristicsof the 11-year solar cycle
wereof mereacademic curiosity; but inthe present
satellite age, the strength of the solar cycle makesa
hugedifferenceto satellite operators, who plantheir
launches many yearsin advance. Each solar peak
heats and expandsthe outer atmosphere, whichin
turnincreasesthedrag on satellites, especially those
inlow-Earth orbits. Hence, satellite plannersdecide
their missions and adjust orbital heights to take
advantage of weak solar activity, if possible.
Occurrence of a solar peak earlier or later or of
unexpectedly largemagnitude could dter theexpected
useful lifeof thesatdllite. Predictionsof thesolar activity
arealso useful for other purposes, such asoperation
of power gridson Earth and satellite communication
systems. Solar activity forecadtingisanimportant topic
for various scientific and technological areas, like
space activitiesrelated to operations of low-Earth
orbiting satellites, e ectric power transmissionlines,

high frequency radio communicationsand geophysica
applications. Therefore, the prediction of sunspot
cycleisoneof theimportant activities of Regional
Warning Center (RWC-India), operated by NPL
sincelast morethan 30 years, aspart of Internationa
Space Environment Services (ISES) whichrun 12
RW(Csall over theglobe.

Based on cycles17-23, linear correlations
are obtained between 12-month moving averagesof
the number of disturbed dayswhenApisgreater than
or equal to 25, called the disturbanceindex, DI, at
thirteen selected times (called variate blocks 1, 2,
...each of them in six-month duration) during the
declining portion of the ongoing sunspot cycleand
themaximumamplitudeof thefollowing sunspot cyde.
In particular, variate block 9, which occursjust prior
to subsequent cycle minimum, gives the best
correlation (0.94) with aminimum standard error of
estimation of £13, and hind casting shows agreement
between predicted and observed maximum
amplitudesto about 10 percent. Asappliedto cycle
24, themodified precursor techniqueyiel dsmaximum
amplitude of about 124 + 23 occurring about 45+ 4
months after its minimum amplitude occurrence,
probably in mid- to- late 2011 asshowninFig. 6.1.

Solar Cycle 24 Sunspot Number Prediction
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Shape and length of predicted solar cycle number 24 having peak amplitude 124 + 23 occurring about

45 + 4 months from the minimum of solar cycle number 24 i.e., sometimes about mid-to-late 2011.
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Network of Digital lonosonde System, GPSand
Tomographic Receivers

A network as shown in Fig. 6.2 of Digital
lonosonde Systems (Delhi & Bhopa), dud frequency
GPS receivers (Delhi, Trivandrum) and NWRA
Tomographic Recavers(Ddhi and Bhopd) for having
extensive measurements of foF2, hmF2, TEC and
VHF, UHF & L-band Scintillation for developing
lonospheric model s has been established. The GPS

receivers are for TEC and L-band Scintillation
monitoring, Tomographic Recelversfor 150 and 400
MHzscintillaion, latitudina TEC profilefor producing
Tomographic Images and Digital ionosonde for
continuousmonitoring of differentionosphericlayers
etc. Themain objectiveof al theseisto produce near
real timeforecasting of TEC, foF2, Scintillation etc
for various applications. Details of above NPL
network aregiven below:

IONOSONDE STATIONS
35 TOMOGRAPHIC RECEIVERS
X SCIENT. OBSERVATIONS
LEH
o KURUKSHETRA
DELHI Il
SIKANDARABAD
z DIB
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KODAIKANAL
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TRIVANDRUM JM
5
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Fig.6.2:
withNAL, Bangalore

Network of Digital lonosonde, GPS and Tomographic Receiversin India set-up under CSIR Network Project
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In addition to Delhi lonosonde, which is
operational since July 2000, one more Digital
lonodonde System (KEL 1PS-71) wasinstalled at
Bhopal, near theequatorid ionization anomaly crest,
in October 2006. As compared to old lonosonde
systems (IPS-41) operational in the country
(Trivandrum, Waltair and Ahmedabad), thesearethe
most modern and fully automated which giveavariety
of information, which were not possiblewith older
models. These operate in the vertical aswell asin

obligueincidence mode and provide HF spectrum
surveillance, amplitude and Doppler lonogramsand
24 hour summaries of lonograms. Apart from
information on ionospheric layer parameters,
information on Doppler shifts, True height versus
Electron Density, lonospheric Irregul arities (Spread
Fand Sporadic E) area so availableon thissystem.
Photograph of IPS-71 Digital 1onosonde System
aongwiththetypesof lonogramsobtained, isshown
inFig.6.3.

Fig.6.3:

Two dual frequency GPSrecelvers- oneat
NPL New Delhi and other oneat Equatorid location,
Thumba, in collaboration with Space Physical
Laboratory (ISRO), Trivandrum, providing TEC and
L-band scintillation datahasbeeninstaled.

Inorder to strengthen theongoing CRABEX
program, two NWRA [TS20S COHERENT

Photograph of IPS-71 Digital 1onosonde System along with the types of 1onograms obtained.

RECEIVERS, one systemisinstaled in NPL and
operated by NPL and other oneisinstalled at ISRO
master control facility at Bhopal whichisoperated
by SPL. Thesetwo (along with theoneof SPL which
isinstalled at Thumba) are most advanced systems
replacingtheearlier Indian systemsinstalled by SPL
under CRABEX program.
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lonospheric pre-cursors observed over low
latitudes during some of the recent major
earthquakes

Earthquakestill occupy first placeinthelist
of natural disasterscausing fatal incidencesandloss
of humanlivesandto minimizetheselossesresearchers
aretryingtofind areliable precursor. Work hasbeen
carried out on ionospheric perturbations, if any,
observed over alow latitude station, Delhi, prior to
occurrencesof deven mgor earthquakes(magnitude
greater than 6 on Richter Scale) during last couple of
years. Initidly, foF2 dataisanayzed with upper and
lower bound of inter-quartile range (IRQ) and the
observed anoma ous changesrel ated to geomagnetic
disturbances are filtered out. Then the remaining
perturbations are analyzed in relation to the
occurrence of seismic activities. Theresultsof the
study show someunusua perturbationsobservedin
foF2 values, 1to 25 daysbefore and 2-3 daysafter
themain shock of every earthquakeindicating aclear
seismo-ionospheric link and may be used as
earthquake precursors.

lonospheric variationswereexamined before
and after all the eleven earthquakes, occurred
between January 2003 to December 2005. For better
understanding theresultsare also divided into two
parts namely when the anomalous ionospheric
perturbations are observed before the main shock,
which aredefined aspre-cursorsand those observed
after the main shock of the earthquake. A major
earthquake, of magnitude 7.6, occurred on Oct. 8,
2005 at India— Pakistan border, shocks of which
were also felt at the observation site. To study the
ionospheric perturbationsinthiscase, Delhi ionosonde
dataduring Sept. - Oct. 2005 isanayzed as above
andtheresultsareshowninFig. 6.4. Asnoted from
the Dst variations (Fig. 6.4) that the month of
September is full of geomagnetic disturbances

therefore, itisdifficult to be correlated ionospheric
effectswith seismicactivity dueto highly fluctuating
behaviour of Dst index. Whereas some major
variationinfoF2 vauesof around 20% from theupper
bound of IRQ is recorded 2 to 3 days before the
main shock (Fig. 6.4c). Some continuous
enhancementsof 10to 20% higher than upper bound
of IRQ are also observed just aday prior to main
shock of the earthquake. These enhancements might
be related to the pre-seismic activities before the
Pakistan earthquake because the geomagnetic
conditionsarevery quiet during thesedays.
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Fig.6.4: The figure shows the F-region ionospheric

parameter foF2 along with the Dst index value
during the month of Sept. and Oct. 2005. Dst
index value is shown in (a). In (b) positive
values show % deviation of foF2 from the
upper bound of |RQ and negative val ues show
% deviation from the lower bound of IRQ.
Percentage deviation observed when Dst
index valueisin between £15isshownin (c).
The gray line shows the time of occurrences
of main shock of the earthquake.
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Comparison between IRI predictions and
digital ionosonde measurements of hmF2
at New Delhi during low and moderate
solar activity

Thediurna and seasonal variationsof height
of thepeak electron dengity of the F2-layer (hmF2)
derived from digital ionosonde measurementsat a
low—middle-latitude station, New Delhi have been
derived. Diurnd and seasond variationsof hmF2 are
examined and comparisons of the observationsare
made with the predictions of the International
Reference lonosphere (IRI-2001) model. It isseen
that during both themoderate and low solar activity
periods, thediurnal pattern of median hmF2 revesls
amoreor lesssimilar trend during all the seasons
with presunriseand daytime pesksduring winter and
equinox except during summer, wherethe pre-sunrise
peak is absent. Comparison of observed median
hmF2 valueswith the IRI during moderate and low
solar activity periods, in general, reveals an IRI
overestimationinhmF2 during al theseasonsfor loca
timesfrom about 06 LT till midnight hours except
during summer for low solar activity, whileoutside
thistime period, the observed hmF2 valuesareclose
tothelRI predictions. The hmF2 representationin
theIRI model doesnot reproduce pre-sunrise peaks
occurring at about O5LT during winter and equinox
as seen in the observations during both the solar
activity periods. The noontime observed median
hmF2 valuesincrease by about 10-25% from low
(2004—-2005) to high solar activity (2001-2002)
during winter and equinox, whilethe IRl inthesame
time period and seasons showsan increase of about
10-20%. During summer, however, the observed
noontimemedian hmF2 valuesshow alittleincrease
with the solar activity, ascompared to the IRI with
anincrease of about 12%.

Seasonal and solar cycle variations of the
height of the peak density of the F2-layer
(hmF2)

Thediurnal and seasonal variations of the
height of the peak density of the F2-layer (hmF2)
during low (2004-2005), and moderate (2003)
solar activity periods have been examined. Hourly
monthly scaled values of foE (Critical frequency
of the E-layer) , foF2 (critical frequency of the F2-
layer) and M(3000)F2 (propagation factor)
obtained from modern digital ionosonde, installed
at NPL, New Delhi, are used to derive hmF2 using
empirical formulations during different seasonsfor
variouslevelsof solar activity. Our studiesreveal
that during both the solar activity periods, the
diurnal pattern of observed median hmF2 values
reveal more or less similar trend during all the
seasons with the pre-sunrise and daytime peaks,
during winter and equinox except during summer.
On the other hand, the International Reference
lonosphere (IRI) predictions too show similar
trend except for afew discrepancies, where IRI
does not reproduce pre-sunrise peaks in any of
the solar activity period and in any season. The
daytime observed median hmF2 valuesincrease
by about 5 to 25 % from low to high solar activity
(2001-2002) depending upon local time and
season, while during summer, theincreaseisalittle.
Overall, the percentage deviation of the observed
median hmF2 valueswith respect to the IRl model,
in general, remains within 10 to 15 % in al the
seasons for both the solar activity periods. The
diurnal variation of hmF2 along the median values
and IRI predicted values during moderate solar
activity areshownareshowninFig. 6.5for summer
and winter seasons.
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New Delhi, Summer, 2003
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Fig.6.5: Diurnal variation of height of the peak

density of the F2-layer (hmF2) derived from
modern digital ionosonde measurements at
NPL, dong with their standard deviation,
median and IRI-2001 predicted values during
moderate solar activity for (a) summer,
(b) winter.

Midday electron density profiles during
moder ate solar activity

Bottomside electron density
(Ne-h) profiles below the F2-peak, during
midday (10-14 h) are analyzed using modern
digital ionosonde observationsat New Delhi, for
the period from January 2003 to December 2003,
pertaining to moderate solar activity (MSA). Each

individual profileisnormalized with respect to the
peak height and density (hmF2, NmF2) of the
F2-region. These profiles are compared with
those obtained from the International Reference
lonosphere (IRI1-2001) model. using both the
options namely: Gulyaeva'smodel and BO Tab.
option. The study reveal sthat during summer and
equinox, the IRl model with BO Tab. optionin
general, produces better agreement with the
observed median profiles, while the IRI
predictionsusing Gulyaeva soption, overestimate
the electron density distribution at al the heights
below the F2-peak, the IRI (Gulyaeva) model
predicted electron densities are larger by about
100 to 125 % at heights around 100 km below
the F2-peak. However, during winter, in general,
the IRl model, using both the options, reveals
showsfairly good agreement with the observed
median profiles. The said discrepancies are
examined in terms of profile shape parameters,
in particular for Gulyaeva option, which uses
height of the half peak electron density of the
F2-layer (h0.5) for building up of the bottomside
profileinthe Rl model.

Although, the recommended optioninIRI
for low latitude isthat of Gulyaeva, but it does
not reproduce observed profileswell, rather, the
profiles predicted by IRI with Gulyaeva'soption
are too thick especially during summer and
equinox (Fig.6.6). Examining the h0.5 parameter
from the observed and IRl model, it isconcluded
that the h0.5 parameter, is not well suited
particularly during summer and equinox for
daytime conditions.
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Fig.6.6: Seasonal variation of observed midday
normalized electron density profiles using
modern digital ionosonde measurements at
New Delhi, against (h-hmF2) along with the
median profile and IRI predicted normalized
profiles using IRI (BO Tab.) and IRI (Gul.)

optionsfor (a) summer and (b) winter

Satellite for Earth’s Near Space Environment
(SENSE)

Plasmadiagnostic experiment consisting of
Electronand lon Retarding Potentid Analyzers(RPA)
and londrift meter (IDM) for thestudy of equatorial
and low latitudeionospherein the height region of
450 km over Indian region has been undertaken. It

has been included as one of the payloadsin SENSE
satdlitemisson. Thissatdlitewill beflownasapiggy
back on one of the PSLV missionsduring thetime
frameof 2011-12.

Scientific objectivesof the SENSE satellite
mission and also technical details of different
experimentshavedready beenframed. Thefirs stage
laboratory model will come up by the end of year
2008. Designsof circuitsof e ectronic subsystems
arebeing finalized and the fabrication of sensorsis
adsobenginitiated.

Rain attenuation over earth spacepath for direct
to home (DTH) service over Delhi

Thecarrier intengity over earth space path of
satellitecommunication at Ku band affected by three
atmospheric conditionsviz., clear air, cloudandrain
areinvedigated. Thesigna amplitudevariationswere
measured during the monsoon months over earth
space path by utilizing the DTH (direct to home)
serviceof 2005. Thoughthesignal isfoundtoliein
Ku band but the exact frequency of operation is
around 12 GHz. Under clear sky conditionthesignal
level wasfoundto vary from-66 dBmto-69 dBm.
Themaximum fade of 3dB wasobserved. However
for 52 % of the time signal was of -67.5 dBm to
-69 dBm and for 48 % of timethesignal level was
found to vary between -66 dBmto 67.5 dBm under
clear sky condition. It has been observed that the
satdlitesignd over theearth space path isattenuated
even due to cloud. Such attenuation is due to the
absorption of thesignal by theliquid water content
whichispresent inthe cloud. It has been seen that
the attenuation of radiowavedueto cloudisbetween
1dB and 7 dB. The signal level from -67.5 dBm
exceedsfor 50% of timewhilethesignal level from
-66.5 dBm exceeds for 7.8 % of the time under
cloudy condition (Fig. 6.7). Theanaysissuggeststhat
even under cloudy conditionsigna level becomes of
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low order for considerable time. The probability
distribution of thesatellitesignal indicatesthat sgnal
level varied from -66 dBmto -78 dBm under rainy
stuation (Fig. 6.8). Themaximum attenuation of the
order of 12 dB wasobserved. Thesignal level was
foundto vary from-67.5dBmto-78 dBmfor 56 %
of timewhile signal wasfound to vary for 44% of
timefrom -66 dBmto-67.5 dBm. It has also been
reported that DTH servicesaffected severely during
rain over Delhi. The servicesmay beimproved by
increasing thegain of therecelving system. Theextra
gainisto beprovided either inform of antennagain
or by introducing extraL NA inthesystem.

Direct to Home
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Fig.6.7: Probability distribution of carrier intensity
measured over satellite path under cloudy sky
situation
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Fig.6.8: Probability distribution of carrier intensity

measured over satellite path under rainy
situation

Rain bearing cloud/rain height distribution
over thelndian subcontinent

Rain bearing cloud height/Rain height is
an important input parameter, which is needed
for estimation performance of satellite
communication and remote sensing applications.
Therain height is estimated from the results of
0°C isotherm-height. One of the best ways to
estimate 0°C isotherm height isfrom radiosonde
observations. The range of variation of rain
height/rain bearing cloud height inrelation to 0°C
isotherm height, H. over different stationsin India
during different seasons has been deduced. It
has been observed that H decreases in the
months of winter aslatitudeincreases. Itiswell
known that before the rainy situation, we have
cloudy conditions in our tropical stations in
India. Sometimesitisobserved that thesky is
fully covered with heavy dark cloud just before
rain over Indian stations. It isawell-established
fact that the clouds, which are present before
rainy situation, are nothing but rain bearing
clouds. And such rain bearing clouds have
maximum cloud water particle density. It is
therefore necessary and useful to estimate
attenuation of the radio wave dueto cloud over
the region when the cloud water particle density
IS maximum as such attenuation results are only
important to the radio engineers for satellite
communication systems. Cloud height is also
required to estimate temperature of the cloud.
Some resultson rain/ rain bearing cloud height
inrelation to 0°C isotherm height over various
stations are presented in Table: 1.

ANNUAL REPORT 2007 - 2008




I T argHAvse  Rser

Table: 1 Rain/ rain bearing cloud height
over variouslocations

Sation Rangeof rain/rain
bearing cloud height
inkm
Mumbai 298 -5.85
Nagpur 3.46 - 5.40
Ahmadabad 2.70-5.95
Hyderabad 290-5.95
Kolkata 3.20-4.70
Chenna 290-6.20
Visakhapatnam 295-6.20

The 0°C isotherm height is associated with
melting layer and bright band. Recently, bright band
height (melting layer height) hasbeen deduced from
tropical ranmessuringmisson (TRMM) obsarvations.
It has been seen that the bright band height deduced
from TRMM resultsunderestimatetherainheight in
relation to 0°C isotherm height whenit iscompared
withtheresultsdeduced from radiosonde observations
over thelndian stations (Fig. 6.9). Theyear-to-year
variation of bright band height over different Indian
latitudes and stations were also deduced and it has
been found that the year to year variation of bright
band heghtisquitesignificant inthelaituderangefrom
20°to 35° whilethereisnot variation of bright band
fromyear to year for latitudefrom 5°to 20°.
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Fig.6.9: Rain height deduced from Radiosonde and

TRMM observation

M obilecommunication

In order to improve the rural cellular
communication an attempt ismadeto characterize
theradio channel over rural zonesaongrail roads.
Thisinvolved devel opment of variouspredictiontools
requiring the comparison of radio measurementswith
models. For acountry likelndiawherediverseterrain
conditionsexist, same prediction method might not
holdwell inall theregions. Toidentify the methods
auitableto rural zonesan attempt ismadeto compare
the measured results over selected north and West
Indian base stationswith classical two- ray, Hataand
ITM models. Their efficacieshavebeen evaluatedin
termsof datistica parameterslikeerror distribution
functionsetc., apart from traditional parameters.

Aircom’sasset radio planning tool hasbeen
utilized to predict thesignal levelsalong rail roads
utilizingthedigita terrain data. Clutter maps, terrain
variations have been devel oped and these have been
used in selecting the gppropriate models. Thesehave
been compared with the observed resultsaong rural
zones of northern and western India. The model
parameters of Aircom’stool has been tuned based
on the observed values since default values of the
radio planning tool werenat talying with the observed
results. Thisisthe mgjor contribution and can act as
input for designing radio planning tools over this
region.

Based on thedatacollected by usin the past
over southern, northern, western and easternregions
of the country at 150, 320 & 440 MHz model
parameters of well known Hatamodel were tuned
and the coefficientsover variousregionshave been
brought out. The model parameters for various
regionsof our country have been tabulated and can
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gointotheinputsfor designing futurecelular systems
intheseregions.

Thetechnology devel opment over thecountry
prompted usto start the field on Wimax which has
got applicationtorura communicationinfixedwirdess
broadband |eading to internet and other servicesover
rural zones. Several modelsat 2.5and 3.5 GHz have
beenidentified and evaluated over Indian conditions.

Work on effect of railway tunnelsonmobile
communications hasbeen carried out intheyear in
down linedirection and up linedirectioninwestern
rail tracks and attenuation observed due to tunnel
dimensions have been deduced. These studieswill
be useful for setting up base stations and deciding
handoffswhen thetrains passthrough thetunnels.

Anexperimentin collaborationwithAircom
International has been conducted at 900MHz and
vauabledatautilizing variousbasesationsin Nationd
capital regionin urban, suburban environmentshas
beenraised.

Modd for forecastingthelocal timeof clearance
of fog using ground-based remoteatmospheric
measur ements

A model for computing the local time of
clearance of radiativefog, dueto the evaporation of
liquid water dropletsby solar radiation, usng ground-
based remote atmospheric measurements has been
devel oped. The parametersthat need to be measured
or estimated are surfaceair-temperature, temperature
inverson-layer thickness, temperaturegradient across
inversion-layer, aerosol optical depth and liquid water
content infog. Additional parametersthat have been
input (frommode selsawhere) aresoil albedofor solar
radiation and thereflectance of liquid water droplets

for solar radiation. The model has been applied to
three case studiesof densefog conditions, with varied
meteorological conditionsin the surface-layer, in
January 2001, January 2002 and January 2003, over
Delhi. The model forecasts of the local time of
clearance of fog have been compared with
corresponding visual observationsand remote sodar
observationsof thedisappearance of thetemperature
inversion-layer. Itisinferred that the present modd,
using routine ground-based atmospheric
measurements, isuseful for forecasting the time of
clearanceof radiativefogtowithin half an hour.

Sudies on trace gases and aerosols at NPL,
New Delhi

The trace gases and aerosols play amajor
rolein at least two important areas. climateand air
quality. Continuous monitoring for surface ozone,
oxides of nitrogen, PM1, PM2.5 and PM 10,
M ethane and Non-methane hydrocarbons, carbon
monoxideand agrosolssizedistributionin0.3-20pum
spectral range were carried out and areliable and
systemic observations data set has been generated.
Thedataset will behelpful tovalidateregiond scale
disperson modd and predicating toolsto hdp usbuild
scenarios for future, so that adverse environment
effectscanbeminimized.

Thetemporal variation of surface ozone at
NPL, New Delhi during July, 1997 to December,
2007isshowninFig. 6.10. Inall year’ swinter and
monsoon months showing low values of ozonethan
thecritical value (NAAQS— 1 Hour average-120
ppbv). Where asduring summer and post monsoon
months ozonevaluesattain critical value, whichis
alarming for poor air quality in these seasons, and
could bepotential threat toterrestrid ecosystemsand
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toagricultura productivity. Preliminary eva uation of
possible damage to crop yield by ozone has been
carried out using exposure plant response index.
Continuous measurementsof NOx (NO+NQO,) since
June 2002 onwards showed increasing trends.
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Fig.6.10: 1-Hour averagevaluesof surface ozonein ppb

a NPL, New Delhi during 1997-2007.

ItisseeninFig. 6.11 that most of thedaysin
summer during themeasurement period at NPL, New
Delhi an Ambient air quality is poor and 8-hours
average concentration of ozoneexceedtoitscritical
vaue (NAAQS-8Hour average- 80 ppbv). During
the post monsoon monthsaso ozoneva uesareabove
critical vaue.
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Micro Pulse Lidar (MPL) for Atmospheric
studiesat NPL, New Delhi

Lidar measurements have been proved to be
promising tools to enhance our understanding
regarding impact of aerosols and clouds on
precipitation, radiative processesand climate studly.
A polarization micro pulselidar system has been set
up and operationa (Fig. 6.12) sinceAugust 2007 at
Nationa Physica Laboratory, New Delhi to perform
continuousmeasurementsof aerosolsand clouds. The
MPL has a capability to monitor range — resolve
back-scattered signalsfrom aerosolsand clouds at
polarizations parallel and perpendicular to the
polarization of laser beam. Thelidar employsadiode
pump Nd: YAG laser, which emits secondary
harmonics at 532 nm. A Schmidt — cassegrain
telescope of aperture of 200 mm is used as the
transmitter and thereceiver in coaxia configuration.
Photon counting techniqueisused to detect signals
on both the channels.

Single polarization Micro Pulse Lidar (SMPL)

Specifications

Type : Diode pump Nd: YAG
Output wavelength: 532 nm

Output energy

per pulse : 50 pJ at 20 kHz
Repetiti on rate :1 kHz - 100 kHz
Pulse duration :~10ns

Beam divergence : 4.5 mrad

Beam diameter :0.27 mm

Telescope geometry : Cassegrainian
Diameter :20cm

Field of view :<1mrad
Detector : PMT. Hamamatsu

Front view Back view

Fig.6.12: Micropulselidar

Anaysisof thedatareveal sthat during the
observational period extinction coefficient varies
between 0.1 km* to 0.45 km* whileduring the night,
the atmospheric boundary layer height variesbetween
120 m and 250 m.

Aerosol radiation forcing (ARF) over Delhi

The aerosol optical depth (AOD)
measurement at 500 nm using MICROTOPS have
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been compared with the AOD retrieved at 550nm
fromthe MODI Sterrasatellite measurements and
the AOD values were used to model the aerosol
radiation forcing (ARF) over Delhi (Fig. 6.13). ARF
has been estimated during 2002-2006 using the Santa
BarbaraDISORT Atmospheric Radiative Transfer
model (SBDART). The single scattering albedo
(SSA) andtheasymmetry parameter used asinput in
this model have been estimated using the Optical
Propertiesof Aerosol and Cloud (OPAC) model. The
results show that the average monthly AOD peaks
every year inthemonth of Juneand hasaminimum
during February or September. It isfound that the
average monthly clear-sky ARF at the surface
decreases by about 15 Wm-2 during pre-monsoon
months of April-June as compared to that during
January-March. The (ToA) Top of Atmosphere
forcing isal so found to reduce by about 2-5Wm-2
dueto dust aerosols.
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Fig.6.13: AOD and ARF over Delhi

Polar Atmospheric studies

Photochemical reactions in snow have
recently witnessed an unprecedented surge of
interest. In recent investigations, it is seen that
production and significant release of CO flux is
from snow covered region. On the basis of
measurements made at Maitri, Antarctica, it has
been observed a systematical diurnal cycle
coinciding with the diurnal cycle of solar actinic
radiation. Thisvariationimpliesthat photochemical
production of CO isactive in the snow covered
region of Antarctica. It is expected that organic
maitter is trapped in snow and especially
photochemical destruction of formaldehyde
(HCHO) is probably the magjor substrate of the
photochemical formation of CO when exposesto
sunlight. The study showsthat Polar regions may
act as one of the strong source of carbon-
monoxide. The measurements of CO over
Antarctica support the finding of earlier
investigatorsthat substantial abundance of HCHO
isproduced by aflux from the snow.

Similar type of CO measurements over
Arctic were carried out to study snow-pack
production of carbon monoxide and its diurnal
variability during First Indian Arctic Winter phase
Expedition (2nd —31st March, 2008). Along with
these measurements studies were carried out on
Black Carbon, aerosol number-size distribution,
AQOD, water vapour and collected air sasmplesover
Arcticregion. Thevariation of CO in ppbv over
Arcticispresentedin Fig. 6.14.
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Longrangetransport of pollutants

The impact of long range transport of
pollutant at several remotesites(Darjedling, Hanle,
Port Blair and Sunderban etc) was studied. To start
with, thelong term measurement of trace gases at
Goa is being initiated, whereas, similar
measurement is being started at Darjeeling in
collaboration with Bose Institute, Kolkata.
Measurement of surface ozone at Hanle and Port
Blair is continuing in collaboration with Indian
Ingtitute of Astrophysicsand IndiaMeteorological
Department respectively. Theresultsdeduced from
campaign measurements show theindication of long
range transport from south-east Asia as well as
from west Asia. Figure-6.15 shows monthly
variation of relative contribution of different
sourcesin contributing the CO concentration at
Darjeding.
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Simulated variations of the monthly mean
contributions (percent) of the CO tracers to
thetotal CO. Abbreviationsarefollows: AFR:
COfromAfrica; EU: COfrom Europe; NAM:
COfromNorthAmerica; SAM: COfrom South
America; SAS-FF: CO from South AsiaFossil
Fuel burning; SAS-BF: CO from South Asia
Biomass Burning; AUS: CO from Austraia;
CHEM: CO from chemistry and RESTT: CO
from rest of the equation respectively.

Emissions of trace gases and aerosol from
biofuels

The linkages between sources and
concentration of atmospheric trace gasesand agrosol
areto be established to understand budget of trace
gases and aerosol. Moreover, role of long range
transport of pollutantsover Indiacould bequantified
provided quantification of the emission/contribution
of pollutantsfrom Indiaitself isavailable. Sampling
of biofuelswasperformedamostindigtrict leve over
Delhi to determineemisson factorsof carbonaceous
aerosol (Organic carbon and elementa carbon). The
biomass collection sitesin and around isshown in
Fig. 6.16. The emission factors of some of the
carbonaceous aerosol and other aerosols and
concerned gases are presented in Table: 2 and
Table: 3.
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JharodaDairy
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Details of location of the Biomass
sampling sites

Fig.6.16:

Table-2 Emission factor s of some of the
concer ned car bonaceous aer osol

Fud EC(gKQ) OC(g/Kg)
Fuel wood
(&) shahtoot 0.5 0.5
(b) keekar 0.07 1.07
Dung cake 0.07 51

Table-3 Emission factor s of some of the
concer ned aer osols and gases

Emission Factorsfor NOx and PM from
Biofuels (Delhi)
Species NOx EF(g/kg) | PM EF (g/kQ)
Cow dung 1.35+0.75 18.9+8.70
Shahtoot 4.82 + 0.56 2.3+0.57
Keekar 479+ 1.13 21+ 130
Mustardstem | 2.04 £ 1.30 12.1+9.13
Kabli keekar | 0.87 £ 0.50 15+ 047
Ber 0.15+£0.12 39+314
Nagpan 2.87 +£1.06 40+ 1.79
Sheersh 0.83+0.36 115+ 6.35

Long term and short variation in vertical
digribution of ozoneand temper atureover India
and South East Asia

Focus on research on stratospheric ozone
and total ozone has shifted recently to research on
tropospheric ozone, in particular, surface ozoneand
itsprecursor gasesdueto itsimpact on regional air
quaity and climate.

(@ Long term variation in tropospheric
ozone

Vertical distribution of ozone over Delhi
(Fig. 6.17), Puneand Trivandrum hasbeen
analyzed for the period 1984 to 2005 using
ozonesonde data available from India
Meteorologica Department. Using thosedata
variousresults, viz.,: (1) Long term monthly
trend on Delhi, Pune and Trivandrum, (2)
Longtermoveral trend on Delhi, Puneand
Trivandrum for the same period fitting a
multiple regression model including the
variaionof Quas Binned Oscillation (QBO),
El Nino Southern Oscillation (ENSO), and
Solar Flux, (3) Calculation of correlation of
ozonewithQBO, ENSO and Solar Flux and
(4) Calculation of vertical distribution of
periodicity of QBO, ENSO and Solar cycle
in ozone over three stations have been
deduced. It has been observed that thereis
significant increase in tropospheric ozone
particularly around 500 hPa and 200-300
hPaduring the period of January-March. Role
of biomass burning and stratosphere-
troposphereexchangeisevident at thesetwo
layers. Thereisalso prominent increasein
ozoneat thelayer of tropopause (~100 hPa)
during Juneand July (monsoon month). It has
itsownimplications.
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Fig. 6.17 Monthly trend (%/decade) in vertical
distribution of ozone over the period 1984-
2005 at Delhi. 2 sigmaplot showsthe standard
deviation of trend

(b) Role of stratospheric-tropospheric

exchange (STE) on tropospheric/
stratospheric ozone in relation with
tropopausevariation over Asian region

The variation of tropical tropopause
determines stratospheric-tropospheric
exchange which controls concentration of
many of minor condtituentsintropica region.
Because of fast economic growth of Asia,
where, anthropogenic activity is more,
changes in tropospheric ozone over this
region isof great importance. To study the
variation of tropospheric/stratospheric ozone
inrelaionwithtropopausevariation, wehave
used ozonesonde data taken over three
Indian gtations(Del hi, Puneand Trivandrum).
For wider perspective of this analysis on
gpatid scde, thisstudy wasextendedtoAsian
region covered by two SHADOZ (Southern
Hemispheric Additional Ozonesondes)
stations. Although ozonesonde data over
three Indian stations are available for the
period of 1970-2005, theanalysisof thedata
has been restricted for the period of seven
years (1998-2005) to keep uniformity with

SHADOZ data. Prdiminary anadysisover the
period of 1970-2005 shows that
tropospheric ozone hasmadee-fold increase
during 70'swith smultaneous decreasein
stratospheric ozone over three Indian
stations. However, over |last ten years (1995-
2005), a decreasing trend in tropospheric
ozoneisnoticed over three Indian stations
while the tropospheric over SHADOZ
stationsshowsincreasing trend.

Sudy of longterm variation of stratospheric
ozoneover Indian subcontinent

Verson8 SBUV onNimbus7and SBUV/2
data on NOAA 9, 11, and 16 are used to
find trend in stratospheric ozone. Vertica profilesof
ozoneover Delhi, Puneand Varanas areobtainedin
mixing ratio on 15 pressure surfaces by averaging
datawithinagridof + 2°latitudeand + 10°longitude
around the respective station. A depletion in upper
stratospheric ozoneisfound when SBUV + SBUV/
2 datafor the period 1978-2003 isanalysed. Short
termtrend analysisfor the periods 1978-92, 1992-
99 and 1999-03 have a so been done. Theexisting
regressive model whichincludesQBO, 6 monthly,
annually and solar cycleoscillationsismodified to
include ENSO, tropopalisetemperature asregressive
coefficient. It is further generalized to take any
periodicity. The observations of minor constituents
likewater vapour and methane have been obtained
by Hal ogen Occultation Experiment (HALOE Ver
V18 data) for the period 1992 to 2001. The values
for sunrise data only are taken for the sake of
symmetry andthey areaveraged for thelaituderange
of +2°, longituderangeof + 10° around arespective
station. The profiles are averaged for vertical
resolution of 2km. Thedataasafunction of day is
used intheregressive mode to calculatetrend over
Delhi, Puneand Varanas . Anticorrel ation between
ozone and water vapour is seen in stratosphere
An anticorrelation between water vapour and ozone
isseen at stratospheric heights.
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SUPERCONDUCTIVITY AND CRYOGENICS

A mgjor activity of thedivision hasbeen continuation of basic researchin doped MgB, superconductors.
Bulk samplesof MgB, with different dopantslikeAl, nano-C, nano-S C and nano-diamondswere synthesized
and characterized by thermoe ectric power S(T), magneto-resistivity [r(T,H)] and magnetization M(H) in high
fields. A unique phenomenol ogical interpolation formulawas evolved tofit both positive and negative S(T)
dependence observed asafunction of Al concentrationin Mg, Al B... Thedoping of nano-C, nano-SCand
nano-diamondswereshownto significantly enhancetheupper critica fieldH (T), theirreversibility fieldH, (T)
andthecritical current density J (B, T) intheMgB, bulk material.
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) Anomalous ther moelectric power of
Mg, Al B, system with x =0.0to 1.0

Thermoelectric power, S(T) of the Mg,
Al B, system hasbeen measured for x=0.0, 0.1,
0.2,0.4, 0.6, 0.8 and 1.0. XRD, resistivity and
magneti zation measurements are al so presented.
It has been found that the thermoel ectric power is
positive for x < 0.4 and is negative for x > 0.6
over the entire temperature range studied up to
300K, seeFig.7.1. Thethermoelectric power of
X < 0.4 samples vanishes discontinuously below a
certain temperature, implying existence of
superconductivity. In general, the magnitude of the

7 Pure MgB,
6 10% Al
20% Al
5 40% Al
— 60% Al
x 4 80% Al
> 3 AIB,
e
o 2
E 1
wmw o
-1
-2

0 50 100 150 200 250 300
T (K)

Thermopower vs temperature plots in the
temperaturerange 0to 300K for all samplesof
series Mg, Al B, (x = 0.0 to 1.0). The
experimental data pointsare shown by different
symbol and the theoretical fits are shown by
the solid lines.

Fig. 7.1:

thermoel ectric power increases with temperature
up to a certain temperature, and then it starts to
decrease towards zero base line. In order to
explain the observed behaviour of the

thermoel ectric power, we have used a model in
which both diffusion and phonon drag processes
are combined by using a phenomenological
interpolation between thelow and high temperature
behaviours of the thermoelectric power. The
considered model providesan excellent fit to the
observed data. It isfurther found that Al doping
enhancesthe Debye temperature.

(1) Significant improvement of flux pinning
and irreversbility field in nano-Carbon doped
MgB, super conductor

Synthesis and study was done on the
variation of superconductivity parameterssuch as
transition temperature T , upper critical fieldH,
critical current density J, irreversibility fieldH,
and flux pinning parameter (Fp) fortheMgB, C,
system with nano-Carbon doping up to x=0.20.
Carbon substitutes successfully on boron siteand
resultsinsignificant enhancement of H, _and J (H).
Resistivity measurements reveal a continuous
decreasein T_under zero applied field, whilethe
sameimprovesremarkably at higher fieldswith an
increasein nano-C content for MgB, C _system.
Theirreversibility fieldvalueis 7.6 & 6.6 Tedaat
5 and 10K respectively for the pristine sample,
which is enhanced to 13.4 and 11.0 Tesla for
x =.08 sample at sametemperatures, seeFig.7.2.
Compared to undoped sample, critical current
density for the x=0.08 nano-Carbon doped
sampleisincreased by afactor of 24 at 10K at

6 Tedafield.
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20 1‘21 x=0.0
18 10 o
% 8 x=0.20
16 o
':: 2 MgB,, C,
T 14 T2 ]
g 5 K 84H;1$7;(23;R;0c)) 80.91.0
e 12 405060708091,
el 10
8 10 K
6 20K
0.00 0.05 0.10 0.15 0.20
x in MgB,_C,
Fig.7.2: Irreversibility field H,  versus Carbon content

plots at 5, 10 & 20K for MgB, C_ samples.
The inset shows the upper critical field (H)
vsNormalized temperature plotsfor MgB, C,
samples(x=0.0, 0.08,0.10 & 0.20)

(111)  Superconductivity of bulk
MgB,+nano(n)-SIC composite system: A high
field magnetization study

A study was conducted on the effect of
n-SiC addition on the crystal structure, critical
temperature, critical current density and flux pinning
inMgB, superconductor. X-ray diffraction patterns
show that all the samples have MgB, as the main
phasewith very small amount of MgO, further with
n-SiC addition the presence of Mg,Si isalso noted
and confirmed by SEM & EDS. TheT _vauefor the
pureMgB, is18.9K under 8 Tedaappliedfield, while
is20.8K for the 10-wt % n-SiC doped sampleunder
thesamefield. Thispointstowardstheincrementin
upper-critical field valuewith n-SiC addition. The
irreversibility field for the 5% n-SiC added sample
reached 11.3, 10 and 5.8 Tesla, compared to 7.5,
6.5, and 4.2 Tedafor the pure MgB, at 5, 10 and
20K respectively (Fig.7.3). Thecritica current dengty

for the 5-wt % n-SIC added sampleisincreased by
afactor of 35 at 10K and 6.5 Tedafield and by a
factor 20 at 20K and 4.2 Tedafield. Theseresults
are understood on the basis of superconducting
condensate (sigma band) disorder and ensuing
intrinsic pining dueto B site C substitution clubbed
withfurther external pinning dueto availablen-SIC/
Mg,Si pinsinthecomposite system.

) o]
0
E:
D o
>
£
L
=%
Pure
5%SiC
0 7%SiC
10%SiC
-25
20 30 40 50 60 70 80 90 100110120130
H(kOe)
Fig.7.3: Magnetization loop M(H) for MgB,+n-SiCx

(x=0%, 3%, 5%, 7% & 10%) up to 13 Teda
fieldat5,10& 20K

(V)  Highfidd performanceof nano-Diamond
doped M gB, super conductor

Polycrystalline MgB.-nD, (x= 0 to 0.1)
samples are synthesized by solid-state route with

ingredientsof Mg, B andn-Diamond. Theresultsfrom
magneto-transport and magnetization of nano-
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diamond doped MgB,-nD _ are reported.
Superconducting trangition temperatureisnot affected
sgnificantly by x uptox =0.05 and | atter decreases
dightly for higher x> 0.05. R(T) vSH measurements
show higher T_valuesunder same gpplied magnetic
fiddsfor the nano-diamond added sampl es, resulting
inhigher etimated H , vaues. From themagnetization
measurementsit wasfound that irreversibility field
vauefor thepristinesampleis7.5Tedaat 4K and
the sameisincreased to 13.5 Tedafor 3-wt% nD
added sample at the same temperature. The J (H)
plotsat al temperaturesshow that J valueislowest
a al appliedfieldsfor prisineMgB, and thesample
doped with 3-wt% nD givesthebest J valuesat all
fields. For the pure samplethevalueof J isof the
order of 10° A/lcm?at lower fields but it decreases
very fast asthemagneticfield isapplied and becomes
negligible above 7 Teda. The J_is40 timeshigher
than pure MgB, at 10K at 6 Teslafield in case of
3%nD doped sampleanditsvaueisstill of theorder
of 103 A/cm? at 10 Tedlafor the same sample. On
the other hand at 20K the 5%nD sample showsthe
best performance at higher fields (Fig.7.4). These

resultsarediscussedintermsof extringc pinning due
to dispersed n-Diamond in the host MgB,, matrix
along with the intrinsic pinning due to possible
substitution of C at Boron site and increased inter-
band scattering for highly doped samplesresultingin
extraordinary performance of the doped system.

6

10

MgB, + n-diamond Pure
ND3
ND5
5 ND7
. 10 ND10
% T=10K
< 10°
ﬁ(.)
10°
10
20 40 60 80 100 120
H (KOe)
Fig.7.4: Critical current density (J) variation with

respect to applied magnetic field (H) at 10K
for ~ nano-Diamond added MgB,
superconductor.
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SUPPORT SERVICES

Planning, Monitoring and Evaluation
Group (PME)

Contract R & D Projects, as Sponsored,
Collaborative and Grant-in-Aid Projects are
undertaken by the Laboratory with funding from
External Agencies. Before submission of theproject
proposal sto the outside agenciesthey are eval uated
by the Group based onvariouscriteriaand conditions.
Monitoring and devel oping of compl ete databasefor
report generation on projects are done and project
files are created and maintained. Similarly Major
Laboratory Projects and other In-house Projects
funded by CSIR & NPL undertakenin NPL areaso
monitored. Fund dlocation and processing of indents
is an important activity. The report on completed
projectsand refund of unspent balanceto thefunding
agenciesat theend of project aremade by thegroup

PME prepares Annual Plan and Five Year
Planfor NPL. It organizesResearch Council mestings
and coordinateswith Management Council mestings
organized by administration. Time to time PME
disseminatesinformation on projects, performance
reports and ECF reports to CSIR. PME is aso
involvedin monitoring of Networking Projects. PME
devel opsmanpower dataand maintainsstaff positions
and dissaminatestheinformationtovariousauthorities
The group also maintains and regulates the
gppointmentsof project Saff under variousexternaly
funded projects.

PME has the additional responsibility of
getting feed back on degree of customer satisfaction
inaprescribed format from funding agencieswho
arefunding thedifferent contract research projectsin
NPL. Theprocessisdoneat theend of each project.
Thisfunction hasbeeninitiated by CSIR under the
supervison of Customer Satisfaction Evauation Unit
(CSEU) at CSIR Headquarter, Rafi Marg, New
Delhi —110001. Thefeed-back received fromthe
funding agenciesare sent to CSEU, CSIR.

PME prepares many types of reports on
Manpower indifferent formatsasrequired fromtime-
to-timeand a so doesdifferent type of Analysisfor
manpower planning of thelaboratory.

Publication of Annual Report is another
important activity of PME. Onrecelving inputsfrom
variousDUSs', DPs & other concerned groups, Text
and Appendices of Annual Report are compiled,
corrected and published intheform of annual Report
eachyear.

Industrial Liaison Group (ILG)

Thisgroup undertakestwo major areasviz
marketing of devel oped technol ogiesand consultancy
and technical services. Besides this, the group is
responsiblefor al matters connected with business
development, open day function, wherein few
thousand schools and college students with their
teachers are invited to see the various scientific
activitiesat NPL. Studentsareshown afilmon NPL
activities too. A technology day function is aso
observed whereadll licencesareinvited to deliberate
with concerned Pl of the technology for any
suggestions. Thisgroup isalso responsiblefor the
dissemination of sciencethrough publicationin CSIR
news and in CSIR annual report, business and
industria magazinesand their websitesand through
advertisements in news papers, conferences,
Symposiums, variousother eventsand their souvenirs
and a so through participationin exhibitions Processes
applicationsfor the awards pertaining to technology
or consultancy servicesrendered. Informsindustries
and licencesfor any new schemes. Thisgroup also
takescareinthe management of S& T outputswith
other funding agencies viz. DST, CSIR, NRDC,
AIMA,CDC, etc.. Thisgroup hasrecently initiated
its effortsin setting-up an incubation Centre and
possible knowledge Alliane with Moser Baer
Photovoltaic Limitedin Solar Energy area.
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Human Resour ce Development Group (HRDG)

ThisGroup organises Training Programmes
for the benefit of NPL staff membersaswell asfor
the personnel belonging to Testing & Calibration
Laboratories, S& T institutions and industriesin
various areas of core competence. It also supports
organization of symposia, conferences, etc., at NPL.
It also attendsto various public relationsactivities,
and follows up various MoUs with educational
ingtitutionsin respect of doctora, post graduatesand
summer training on reciprocal basis. Besdesthis, the
Group aso organizesthe placement of JRFs, SRFs,
Research Associates, etc., in suitable sections/
divisonsof thelaboratory, and pursuesother schemes
of CSIRonEMR and HRD activities.

International Science and Technology Affairs
Group (ISTAG)

International visitsplay animportant part of
scientific R & D. Processing of application of the
laboratory scientists pertaining tointernationd vigts,
bilateral exchange programmes, sabbatical leave/
study leave for deputations abroad are handled by
thisgroup. It also arrangesimportant lectures and
invited talks. Arranging training programmes for
international candidatesisa sothejob of thisgroup.
Italsoorganizethevist of foreign delegationat NPL.
International collaborative projects, Bilateral
International cooperation porgrammes& MoUsof
NPL areasotheareasof thisgroup.

Library and Technical I nformation Services

NPL Library hasbeen providing library and
information support to scientistsfor R& D pursuiits.

Over the years it has developed a rich
collection of scholarly books and journals for the
purpose, specificaly inthefield of physicsandreated
sciences.

Duringthecurrent year library subscribed to
109 scholarly journals (90 foreign journalsand 19
Indian journals) and added 167 S & T books, 54
Hindi books. Library provideslibrary servicessuch
as photocopying service, electronic document

ddivery service, inter library loan service, reference
serviceand literature search.

Thelibrary offersonlineaccessto morethan
4500+ full text journals under the e-consortium
project of CSIR. It facilitate accesstojournalsfrom
various publishersi.e. Science Direct (Elsevier),
Blackwell, Springer, AIP, APS (American Physical
Society), Wiley Inter science, John Wiley and sons,
Oxford University Press, Royd Society of Chemidry,
American Chemicd Society aswedll astother archives
going back to 1995 in case of Elsevier scienceand
2000 onwardsin the case of other publishers. From
thisyear, the Library hasstarted providing accessto
intranet edition of Indian Standards.

This Servicewas made operational in NPL
on 31% July 2002 with the accessto Science Direct
(Elsavier) group of journdsand othersw.ef. February
2005 onwards.

Thisyear, library hasdsoingalled 7 (Seven)
dedicated computersin thelibrary reading hall to
provideaccessto dectronicjournasfor walk-inusers
(Who are mostly from the various educationa &
researchingtitutes). Library Reading hdl isalsohaving
the high-speed wird essinternet area (hot spot) where
one can have wireless connectivity for their wi-fi
enabled |aptops.

TheLibrary hasaKSK Library siteonthe
NPL intranet providing latest information on its
activitiessuch asadditionsto itscollection, current
subscribed journals, new journa sreceived during the
week, linksto dectroniclibraries, publishing houses,
and papers published by NPL scientists. Thelibrary
continued to update this sitethroughout the year.

The Library also maintains NPL website
(http://mwww.nplindia.org) on Internet. Itisprovides
latest information on activitiesof NPL such asitsrole;
thrust areas of research, facilities, services and
achievements.

Central Workshop:

Different typesof machiningfacilitieshave
been established in NPL’s Central workshop to
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extend support to laboratorys R& D needs and to
undertakeexternd contract jobs. Inadditionto norma
milling, lathe and wel ding machinesetc. for normal
fabrication jobs, work-shop isalso under-taking a
widevarieties of jobsof die making, sheet metals,
plating and polishing and high quaity carpentry works
etc. The NPL workshop also has CNC milling
facilities backed up by a CAD / CAM facility
comprising a high precision German ‘DECKEL
FPAA’ universal milling machine, with CNC rotary
table and a GLIDEMESTER CT-200 CNC lathe
machine capabl e of producing turned components.
The workshop is also having a Auto CAD based
drawing and tracing facilities. During the year the
central workshop has completed more than 1095
jobs of in- housemachining andfulfilled most of the
requirements of high precision jobs of various
Divisions/Sections. Tota cost of work done during
the year at Workshop was approx. Rupees. One
crorethirty eight lacsthirty six thousand two hundred
eighty eightonly).

In addition to design, development and
fabrication jobs, work-shop aso undertakesalarge
number of maintenance jobs comprising different
preci s on machines, pumps, compressors, gear boxes,
meachinesof the Glass Technology Unit etc.

Glass Technology Unit:

Thisunitishaving excellent facilitiesand
expertisefor design, devel opment, fabrication and
repair of scientific glassand quartz glass apparatus
and equipments. It undertakes scientific glass
instrumentation work for in-house aswell asother
ingtitutions, industriesand organisations. During the
year Glass Technology Unit completed 176 jobsfor
NPL and 15 jobsfor outside agencies and earned
Rs 97898/- ( Rs. Ninety seven thousand eight
hundred and ninety eight only ) as ECF. GTU has
also provided a comprehensivetechnical training
for various skills to one Technica Officer from
University of MORATOWA Sri Lanka for two
monthsand charged asum of US$2000/-

Cryogenic Plants& Facilities:

NPL hasexcdllent liquid Nitrogen & liquid
Helium producing units. Itisalso havinga6000 litres
capacity liquid Nitrogen storage vessel, making the
availability of liquid Nitrogen round the clock for
NPL’sscientificwork. Weare also maintaining and
producing liquid Heliumat NPL. Till 31% Dec, 2007,
we have produced gpproximately 31200 litresof LN,
& supplied approximately 2400litresof liquid Helium
and Helium gas. Effortsarebeing madetoimprove
the productivity further.

The Central Computer Facility at NPL
The Central Computer Facility (CCF)

@ offersseverd network, computing and user-
support facilitiesto NPL scientistsand staff,

(b) isinvolved in software development for use
at NPL and development of biomedical
instruments, and

(© conducts research in the areas of pattern
formation and nonlinear physicsand evolving
networksand

(d) provides consultancy to other instutionsand
industry intheareaof I T infrastructureand
networking and automation and
ingrumentation.

I T Infrastructureand Facilitiesat NPL

A campusLAN (Local AreaNetwork) has
been set which connectstogether approximately 850
computers spread over the NPL campus. The
network utilisesamixtureof optica fibre, UTPcables
and switches. Theinternet accessisprovided through
agateway totheexterna worldviaa2 Mbpsradio
link and 2 Mbps leased line to the ERNET at the
department of Electronics. Email and Internet services
arethusbrought to the user’s desktops.

CCF has established and is actively
maintaining various servers namely Mail, Web,
LTSP, Intranet, DHCP, DNS, Router, Bridge,
Anti-virus, Backup, Database and Other Dept.
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servers for providing networking, mailing and
backup services. A schematic of the set upisshown
inthefigure below.

2 MBP$ 2 MBPS
Radio Link LEASE LINE
(ISP ERNET) (ISP ERNET
LINK AGGREGATION

4 MPBS THROUGH PUT

*DM2Z (PROTECTED SERVER ZONE VISIBLE BOTH
FROM INTERNET AND NPL LAN)

TRANSPARENTLY CONNECTS INTERNET
AND NPL SERVERS ZONE (DMZ).

SWITCH BRIDGE

rrewa. FIREWALL ALLOWS PASSAGE OF ONLY
ACCEPTABLE NETWORK TRAFFIC

HOSTS NPL WEB SITE
erewa.  NPLWEB SERVER
PROCESSES EMAIL FILTERS
SPAM AND VIRUSES.
erewa. NPLMAIL SERVER
WEB SERVER OF CENTER FOR
GG SERVER GLOBAL CHANGE
FIREWALL
SWITCH
ROUTER

ROUTER : CONNECTS NPL SERVER ZONE (DMZ) TO

NPL-LAN. ALSO FILTERS SPAM AND VIRUSES
FROM OUTGOING NETWORK TRAFFIC.

NPL LAN

*DMZ (DEMILITARIZED ZONE) A SUBNETWORK THAT CONTAINS AND

EXPOSES NPL'S EXTERNAL SERVICES TO THE UNTRUSTED INTERNET.

infrastructure, with new serversto improve of the
quality of service hasbeen dready completed. Multi-
layeredfirewall, anti-gpam engine, antivirussolution
have been implemented to enhance the overall
network security.

Developmental Activities

Deve opment of Personne Inventory System
(PIR) to enable the employeesto retrieve
their PIR records. Itspurposeisto help store
personnel sfor maintaining and updating the
PIR recordsonline.

CCF has developed the NPL intranet site
(http://nplnet.ccf.npl) andismaintaining the
samefor providing information about | atest
circulars, notices, announcementsetc. User

CCF hasstarted theinitiativeto establisha
new Data Center facility. Migration to improved

WEB SERVER FOR NPL LAN. FACILITIES LIKE AMC
COMPLAINTS, SOFTWARES, NPL FORMS ETC.

INTRANET SERVER

ASSIGNS IP ADDRESS AUTOMATICALLY TO USER
PCs FOR CONNECTING TO LAN AND INTERNET.

DHCP SERVER
CONVERTS COMPUTER HOSTNAMES INTO IP
ADDRESS, eg. mail.ccf.npl --> 202.141.140.36

DNS SERVER

REQUESTS WEB PAGES AND FILES FROM INTERNET
ON BEHALF OF USERS WHILE BROWSING.

PROXY SERVER

SELF UPDATES AND THEN PROVIDES VIRUS
DEFINITION UPDATES TO THE USER'S PCs.
ANTIVIRUS SERVER

SERVERS FOR BOOTING AND RUNNING DISKLESS
COMPUTERS INSTALLED IN MANY NPL SECTIONS.

LTSP SERVERS
PROVIDES DATA STORAGE AND QUERY SERVICES
TO SOFTWARES RUNNING ON OTHER COMPUTERS.
DATA BASE
PERIODICALLY AND AUTOMATICALLY TAKES
BACKUP OF ALL IMPORTANT SERVERS.
BACKUP SERVER
KSK LIBRARY SERVER
KSK LIBRARY
MATHCAD PACKAGE SERVER FOR
PC'S ON NPL-LAN.
MATHCAD SERVER

friendly interfacesare also provided onthe
site for lodging PC/printer AMC related
complaintsand checking thestatus, to browse
throughthelist of experts, persond inventory
records, telephonedirectory, commonly used
formsand open source softwares etc.

Resear ch and Educational Activities

. Development of biomedica ingrumentslike
blood oxygenation monitor, ECG machine
and brain oxymeter.

o Experimental, theoretical, and computer
smulation research on formation of patterns
inalayer of asolid at themelting transition.

. Research on modelsfor prebiotic evolution
using numerical methods.

ANNUAL REPORT 2007 - 2008









RAJBHASHA

fearft RPN SRREE &1 YHrRM

fiod o3 au 9 T § fgur <fore
SR HT YHTYA fHar &1 @1 2 faad’
Ar@ERal @ Hdfm g & o o fag e,
2007 ¥ YHIRG 39 IR @ forpe SRRTeS #
W BU ¥ FRRG TR 3 9 WKe dew
® M g 9P SollBld TR 3T WM BT YW
TN R T | 39 SERGE W WM W6 @
M afaferd BN & SR 3 Tl IR / BEa
TS I W TH-ER § D Y 9ad 3|

"HIdY 9 YUET YEEAT W I
LD

Afye, Aufde sierfiad aul @ dael
JqERAAT FT UF Afard fFer g9 w3 7 AR
U g9eH o uEen AT @ fag eey
e i ¢ | e faw § IS wifte
W & o W B el W uq A A
&1 g, e g YAR FRA 2 | U
aifas gatremar ad 2001 @ fFE A& fafr
FriwTenel Sk GMfteal & SMANH W W R |
TR | 11—13 Qelg, 2007 H S Al
AR TUEART YEET W TSR G 39 @ B
gradi Ml off | 39§l $7 & I
S & wv fogm weefl IEer, oW ST @
9T R A@! SR [UEr e & faft
fawal @ Wt @Rl &1 SMQM YSM d=AT e
A & &F B T A B forg 3w # Suere
duied ok Thew glemen @ FIR@ g @
TAR X1 U4 9 GOuwi & TN @ Sawadd
It TMOR &1 JIR-JER PR o |

39 9ME @7 YR [AF 11 JaTs,
2007 B YN & FHFTR # YTd: 09.30 9ol
far mr |

F’

39 §MK § qEga: @ &3 afafad
fer T & 7 & - Wi & gufy, A= @l
fadyre Amy, gAifra fa<ere Ay, ugref
aiie!, wafaRel A1, Sffenfie A9 dem T[uEw
JTIATHA, INMTEAG ATUSI, YTgrad, E@ara,
afifeaar, fafte o), sgarfoiiaar ok o9
GERICANEIE

3 dMs § s wifos ganTemenr @
afaied gaiqR, sdATEER, TIVIEE, JUENE,
qgugd, ufegrar arfe &@ar &1 fafyss
geeran / fovafdenerl 3 wfhg w0 9 9mr fomm |
W H g2 FEE T U YUA R fHU o
18 JMAT qaly, 32 AIfgd URIATDROT AT 32
TR JRIdaReT |ftaferd o |

ST S JANTEen, Agiarel A
afw sfsar denm va.udlga. grT qoia:
MM W GYH G W ATEIRNG I8 WM Id
Thol & |

NG 3 AE@qUl 9 I8 @ 5 39 IR
ARI IRAST @ d-91T g@al grifeT
BUAE Mg @ YA & Y TS g 9
SUdfer & | IR dHDT BT HEAT T IS0
e IRy UROIRR® @ |

ANNUAL REPORT 2007 - 2008



TSI BrA~aa-

qTEgT

vyt B @ erfeyd, sue aue
TIR-YGR AT Y & 1 AT~ / THI!
g7t # 39 R e sgmar <7 B fav femie
28 faawR, 2007 &1 w1 Afg wgar, feurcdc
ITe HIfSAATS, WX TAT A9 Jq¥UATA, T3
feeet 7 fea @ weftm frwiRal @ e
(Prevention of Heart Disease) W& fawg w
gqregE fear |

& gEarer ameE

T difde garemer # e 1 RawR
¥ 14 RyawR, 2007 @ &S TEST R WM
TEare @ oA fafr gfeaifiaren &1 smanes
fear Tar @ik 14 fygwR, 2007 @ UwE@IS @I
O GERIE AR fear | RS teae @
kM W I gfoifa] emafoa @ 1§ s9
T & forw srerT—erernT AfAfol @1 T fear
e & omaem # frel yaR @ oRgfdem T @ |
frea, @1 wie, Wigw fegw, difew griveT g
feqeem yforifiar amaeM @ SRE @ gaTEen
¥ gofa: R &1 ata g7 @ e @ ok
TR § w-ufaed e R F & e &
39 TPR B IR 9 A A D 9 oufy =
IR T Bfy 3@ B el 3R T BRO AR,
T W Td & GIEER 39 9 YBR B IO
R T oA & ol fomr mm |

Suggd gfuaifiare & @ @k ard
gfifal 4 @ §d 74 gfowiil & @R @
forg g1 T |

14 fqaFR, 2007 B GAYT FGARIE BT
Sgued S @ W dler I fRar | Sw=A e
WAt Ao § SuRed o we wewl @ R
# 8 W SRR T 7 39H W% 9el @
WEAT @ - gy @ | IR AP
gffaret § 9 98 FR A oM W qE & |

SN garn 6 & qof wor & ) & s
A s & Ay fbwg 4W B FER-YAR & fog
 aue foT ufifes @ onf & fease wmom @
IR 8 @R AR, TR W BT & GANT B
ey o ¥ Weagde w9 G |

39 IO W & Iy & U § g
YR O &1 AMPT fhar | I e
gl wvor § wEr 6 g R W @ ogan
PR GG T4 EqE FAT dIey JNfS TE
AU MY R W TH UG T W I Y@ 7 | g9
JTER T S/IA AYA F7¥ T T W R
A 13 |

T IR W & I T RPN Feerd
T foaet ® @R YoM ey |

da § e 4 T e A FRYe, gE
gfafyr |+t smwal, yfowfal 7 iy wu @
MR A SuRerd 9t wew @1 ewgare fear
IR R @ srfwgd ¥ R afte yfy &4
T AEAE F3d gY del fd Ik 9t oy
AN FAMERY @ qorm dfggw R § e
HET IR R 3 al B @ st § ogen
yufy ff=a & |

AU & 91l GHRIE BT GHYA foar

ANNUAL REPORT 2007 - 2008









APPENDIX -1

PUBLICATIONS
Papers Published by NPL Scientists During April 2007 — March 2008
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Sr. Title Patent Grant Inventors
No. No. Date
1 An appratus for measuring sieve 197541 18/09/2007 K P Chaudhary, S Singh and
dimensions and a method therefore C Shakher
2 A process for the preparation of 215049 20/02/2008 Ramadhar Singh, Subhas Chandra,
conducting polymeric membrane and Hawa Singh, Amarjeet Kaur Narula,
aconducting polymeric membrane and Shobha Broor
prepared thereby useful as afilter for
capturing viruses in potable liquids
3 A process for the preparation of 215136 21/02/2008 Virender Kumar Parashar, Vasantha
silica glass Raman and Om Prakash Bahl
4, A novel method of fabricating 215497 27/02/2008 V P Sharma, JK Gupta,
improved standard platinum resistance K L Nagarwal, RK Luthraand
thermometers and improved standard R G Sharma
platinum resistance thermometers
made thereby
5 An improved process for the 215804 03/03/2008 Gopal Bhatia, RajendraKumar
production of modified green coke Aggarwal, Jagpal Singh Mathur
useful for making high density and Om Prakash Bahl
monolithic graphite products and
a process for making products
therefrom
6. An apparatus useful for measuring 215480 27/02/2008 P K Ghosh
particle size of apowder sample
7. A device useful for the enhancement 215718 03/03/2008 Lakhan Singh Tanwar and
of resolution of an autocollimator Parvinder Pal Singh Virdy
and an autocollimator incorporating
the device
8 A novel composition useful for 2157% 03/03/2008 Ajit Kumar Sarkar and
removing organic coatings from solid Niranjan Singh
surfaces and a process for preparing
the said composition
9 An improved process for the 216815 04/03/2008 CAnandan, PN Dixit,
preparation of thin films useful for R Bhattacharyya, C Mukherjee
electronic optical tribiological and T Seth
application
10. A composition useful for the 215878 05/03/2008 Pradeep Kumar Ghosh,

preparation of an improved long decay
luminescent powder and a process for
the preparation of an improved long
decay luminescent powder there from

Harish Chander, Virendra Shanker
and Parmanand
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Patents Filed in India

Sr. Title Application |  Filing Inventors
No. No. Date
1 | A process for the preparation of photo 2750DEL2007 | 28/12/2007 | Sushil Kumar, PN Sixit and
luminescent nanostructured silicon thin CMS Rauthan
films
2 | A process for the preparation of oxide 0209DEL2008 | 25/01/2008 | Narinder Kumar Arora,
superconducting rods Gursharan Kaur Padam,
Ramesh Sethi, Mukul Sharma,
Shri Kant Narayan Ekbote
3. | A process for preparation of nanowires 2372DEL2007 | 13/11/2007 | Harish Chander, Virendra Shanker,
of metal oxideswith dopantsin lower Divi Harnath and Pooja Sharma
valence states
4. | Combustible gas sensor 0062DEL2008 | 07/01/2008 | VipinKumar, KiranJain,
ST Lakshmikumar and
T Raghavendra
5. | A novel process to produce high quality 531DEL 2008 | 05/03/2008 | GBhatia, V Raman, PR Sengupta,

impregnating grade pitch

ArchanaMishra, T S Negi and
R SBisht
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Patents Granted Abroad

S Title Patent Country Grant Inventors
No. No. Date
1 | Conducting polymer membrane 120690 Romania 28/09/2007 Ramadhar Singh,
and a process for the preparation Subhas Chandra,
of the same membrane HawaSingh, A K Narula
and Shobha Broor
2 | Simulated circuit layout for low 0763038 Korea 21/09/2007 Sher Singh Rajput and
voltage, low paper and high Sudhanshu Shekhar Jamuar

performancetype Il current
conveyor for analog signal
processing applications

3. | A sensitive, fast responsive thin 696502 China 13/07/2007 A K Rastogi, K Jain,

film ethanol sensor and a process H P Gupta and Vipin Kumar
for the preparation of a sensitive,
fast response thin film ethanol
sensor and a process for the
preparation of a precursor
solution for ethanol sensor

4. | Lactate biosensing strip withtwo| 7319018 United 15/01/2008 Manoj Kumar Pandey,
electrodes States of Asha chaubey, Krishan
America Kant Pande, Rajendra
Kumar Sharma, Krishan

Kumar saini, Bansi Dhar
Malhotra and Rajesh

5. | Reusable heat pack, method of 2380664 Canada 15/01/2008 C P Sharma, RK Sharma,
manufacture thereof, mixturefor CKantand A K Sarkar
use in areusable heatpack and
process for the preparation

thereof
6. | Enzyme €electrode and processfor| 7267837 United 11/09/2007 Arun Kumar, Rgjesh and
preparation thereof States of Bansi Dhar Mahotra
America
7. | A lactate biosensing strip 1578985 Europe 31/20/2007 Krishan Kant Pande,

RajendraKumar Sharma,
Krishan Kumar saini,
Bansi Dhar Malhotra,
Manoj Kumar Pandey,
Asha Chaubey and Rajesh

8 | A sensitive fast responsive thin | 2002216358 Australia 20/12/2007 A K Rastogi, K Jain,
film ethanol sensor and a process H P Guptaand

for the preparaton of a sensitive, Vipin Kumar

fast response thin film ethanol
sensor and a process for the
preparation of a precursor
solution for ethanol sensor
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Patents Filed Abroad

Sr. Title NF No. Appl. | Country Filing Inventors
No. No. Date

1 | A processfor the simult- | 0133NF2006/US | 11/934816 | United 05/11/2007 | RB Mathur, Chottey Lal,
aneous and selective States of T L Dhami, B P Singh and
growth single-walled America A K Gupta
and multi-walled carbon
nanotubes

2. | An automated dead 0014NF2006/IT | MI2007 Italy 31/08/2007 | Kamlesh Kumar Jain,
weight machine useful A001712 Hari Prasad Poddar and
for calibrating strain Raghunandan Prasad
gauge load cells Singhal

3. | An automated dead 00114NF2006/DE| 10-2007- | Denmark | 02/08/2007 | Kamlesh Kumar Jain,
weight machine useful 036214.7 Hari Prasad Poddar and
for calibrating strain Raghunandan Prasad
gauge load cells Singhal

4. | Animproved sol-gel 0010NF2007/WO| PCT/IN World Yettofile | AmitaVermaand
process for the 2008/ Intellectual SA Agnihotri
preparation of 000020 Property
nanocrystalline Org.
CeTi,O, Powder

5 | A process for the 163NF2004/EP | PCT/04724|  Europe 30/11/2007 | SN Ekbote, GK Padam,
preparation of alow 6699 N K Arora, Mukul Sharma,

contact resistance
contact on a high
transition temperature
superconductors

Ramesh Sethi and
M K Banerjee
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TECHNOLOGIES MARKETED

APPENDIX -3

Sr. No Technology Developed Licensee Date of Transfer
1 Software developed for pressure M/s Regional Testing Centre 24.04.2007
measurement/computation and Okhla, New Delhi-110020
estimation of measurement uncertaininty
using dead weight tester
2 Dead Weight Force Machine M/sDVG Laboratoriesand 05.09.2007
Consultants Private Limited,
Gurgaon—122011
3 A software for calibration of pressure M/s Sushma Industries 19.11.2007

measuring instruments using dead weight
tester as pressure standard

Calibration Centre, Bangalore
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R & D COLLABORATIONS

Collaborating I nstitute

Area

Generic development of nanometrology for
nanotechnology at NPLI (inter division,)

Nano metrology

National Institute of Standards and
Technology (NIST), 100 Bureau Drive,
Gaithersburg, MD 20899-8364 USA,
Phone: 301-975-2956; FA X: 301-208-6962.

Pressure standards

National Institute of Standards and
Technology (NIST), 100 Bureau Drive,
Gaithersburg, MD 20899-8364 USA,
Phone: 301-975-2956; FA X 301-208-6962.

Vacuum Standards

High Pressure Laboratory, Department of
Physics, University of Jaipur, Jaipur

Department of Physics, Barakatullah
Vishwavidyalaya, Bhopal, MP

S.N. Bose Institute, Kolkata

Raman Spectroscopy

Space Applications Centre, Ahmedabad

PTB, Germany,

NPL,

UK,

NIST,

USA,

DIT,

DST

VariousUniversities.

Spectroradiometry

General Motors
DMSRDE,Kanpur
DMSRDE,Kanpur
CEERI,CSIO

Advanced Magnesium Extrusion
Alloys Caro-graphite seals
Mesophase carbon fibres

High density graphite

AparnaCarbons, Bhilai
NMRL,(DRDO)

BARC

NCL,CECRI

High coking value impregnating
pitch Porous conducting carbon
paper Carbon/carbon composite
tubes Development of fuel cell
based on hydrogen
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Collaborating I nstitute

Area

SAMTEL Colour Lab Ltd.; NAC, Allahabad;
CGCRI, Kolkata; I1T,Kanpur

LMD Group, NMITLI Project

Tezpur University, Naapam, Tezpur, Assam
Thapar University, Patiala, Punjab
Stockholm University, Stockholm, Sweden
Institute of low temperature Science,
Hokkaido University, Sapporo, Japan

Environment: Greenhouse Gases
Environment: Aerosols & Health
Environment: Rain Chemistry

Environment: Aerosol Chemistry

Elektrochemie Group, PTB, Germany
NMI-VSL, Netherland I nstt. of Experimental
Physics, Kosice, Slovak.

MiC: Primary pH Measurement
MiC: GasMetrology
Magnetic fluid

C-DOT, New Delhi New Delhi NERTU,
OsmaniaUniversity, University College of
Engineering, Hyderabad

Mobile Communication
Fixed and Mobile Communication

Rajdhani College, Univ. of Delhi New Delhi

Stratosphere — Troposphere
Exchange

Indira Gandhi Institute of .Technology,
IndrasthaUniv. New Delhi.

Air Pollutants — Emission of
PAH from Biofuel

Space Physics Laboratory, (Thiruvanantapuram)
Barkatullah University, Bhopal

lonospheric Tomography

ISRO, Bangalore

Satellite in-situ measurements

National Institute of Oceanography, Goa

Global Change

Bose Institute, Kolkata

Air pollutants at Darjeeling

IndiaMeteorology Department, New Delhi

Air pollutants at Port Blair

e BHU, Varanas

e University of Delhi

e |IT,Dehi

e |IT, Kanpur

e INU, New Ddlhi

e  Unicamp, Brazil

e DY Patil University, Kohlapur

e Missouri University, USA

e Univ. Notredame, USA

e Univ. of Wollongong, Australia

e University of Ragjasthan, Jaipur

e Delhi Collegeof Engineering, Univ.
of Delhi, Delhi

Superconductivity
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Collaborating I nstitute

Area

Inst. fur Festkorperphysik,
Karlsruhe, Germany

Superconductivity

TIFR, Mumbai

IUAC, Indore

NIMS, Japan

Racah Institute of Physics,
Jerusalem, Israel

Superconductivity & Magnetisium

MPI, Stuttgart, Germany

National Dong-HwaUniversity,
Taiwan

Manipal Institute of Technology,
Manipal

CMR Materids
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APPENDIX -5
SPONSORED/SUPPORTED R & D PROJECTS

(Rs. Inlakhs)
Sr. Title Agency/Client Amount
No. Received
New Projects
oL Bio-sequestration and bio-impregnation of heavy metals DST 200
leading to nanomaterials synthesis and decontamination
of industrial effluent
(0% Application of new functional conducting polymersin DST 200
Nio-sensor and Nano electronic (Indo-Japan Co-operative
Science Programm)
3 Melt/Solution processable conducting polyaniline based DST 250
magnetic films
07) Growth and structural characterization of nearly perfect DST 367
single crystals of oxide materialsfor scintillation (Indo-Russian Joint
applications Project)
® Determination of country specific emission factor for Winrock | nternational 6.26
methane from land fills and estimation of itsemission India(A facilitating
inventry under the aegis of the NATCOM-SNC agency for Ministry of
Environment & forest)
(03] QA/QC support for GHG (CO,, CH,and N,O) emission Winrock International 6.38
measurements undertaken by different national teams India
under the aegis of NATCOM-SNC (A facilitating agency for
Ministry of Environment
& forest)
(074 Formation of Alkali Metal nanostructures on DST 723
reconstructed low and high index Silicon Surfaces
(under SERC FAST TRACK Proposals)
0°] Development of TiO, nanocatalyst for environmental DST 11.00
purification (Under SERC FAST Track Scheme)
(0°] Ferro fluid based electric power generator DRDO 1111
(Defence Research &
Development
Organization)
10 Studies on rare earth substituted magnesium ferrite thin DRDO 1181
filmsand the effect of humidity on its performance (Defence Research &
Development
Organization
n Physico-Chemical studiesof metal and metal oxide DST 1200
nonoparticles (under SERC FAST TRACK Prposals)
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Appendix - 5, Sponsored/Supported R & D Projects

S Title Agency/Client Amount
No. Received
12 High pressure Raman studies of rare earth sesquioxides DST 14.00
(Ln,O,(Ln=LaCe,Pr,Nd,Sm,Eu,Gd,Tb,Dy,Ho,Er,Yb,Y)
13 Development of DNA Biosensor for detection of DST 1653
NeisseriaGonorrheain clinical sample
14 On-line approach to non-contact IR Sensor technique DBT 1692
for estimation of sugar and its byproducts
15 Amorphous carbon thin film having nanoparticle DST 2800
inclusions deposited by the modified vacuum plasma
arc techniques
16 Infrared spectroscopic study for tumor diagnosis DST 2900
17 Development of white organic light emitting diodes DST 36.00
(WOLEDs) for general lighting applications
Continuing Projects
oL Metal Induced Crystallization Behaviour on Thin Film DST 050
of Amorphous Silicon (Indo-USs)
®@ Development of Nanostructured electrochromic films DST 100
with improved performance characteristics by wet
chemical techniques for smart windows
(0¢] Coherent Radio Beacon Experiment (CRABEX) for VSC, 174
Tomographic Studies of the lonosphere on Board Thiruvananthapuram
GSAT-1| Satellite
07} Synthesis and characterization of nano size granins DST 220
of Ruthenocuparates MGB, Superconductors (Indo-Israel)
® Physico-Chemical characterization of wet deposition &H, 223
at NPL, New Delhi and Pantnagar in Uttaranchal Sweden
06 Synthesis of organic and inorganic Nanocomposites DST 500
for sensor applications
(074 lonospheres of Venus and Mars: Chemistry, Dynamic Physical Research 512
Thermal Structure and Solar Wind Interaction L aboratory, Ahmedabad
(0°] Synthesis and characterization of carbon nono DST 700
tubes/polymer network composites
(0°] High rate deposition of the microcrystalline silicon DST 750
films using high density microwave plasmaand its
application efficient large areathin film solar cells
10 Operation of the South Asian Regional Research Int. START Sect. 0.00
Centre (SAS-RRC) for Study of Global Change Under
SASCOM
n Studies on Fog Ocurrence on Delhi CRCB 000
12 To Conduct Inter-Laboratory Proficiency Testing DST 0.00
Amongst the NABL Accredited Calibration Laboratories (NABL)

inIndia
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Appendix - 5, Sponsored/Supported R & D Projects

' Title Agency/Client Amount
No. Received
13 Development of Ultrasonic Method to Evaluate ARDB, 0.00
Moisture in Composite Materials Bangalore
14 Setting up of Facilities for dissemination of Indian DST 000
Standard Time in North-Eastern States
15 Semiconductor Silicon for Applicationsin Solar Energy Indo-Russia 0.00
Microel ectronics and Power Electronics (ILTP)
16 Development of injection solar cellsutilizing dye MNES 0.00
sensitised nono-crystalline TiO, films
17 Development of Nanophosphors for Industrial DST 0.00
Applications
18 Interaction with Universities/Lab in the Area of UGC 0.00
Superconductivity
19 Investigation Study on Microwave Sintering of Beta DST 0.00
Alumina Tubes
2 Development of speciality carbon materialsfor novel BARC, 000
nuclear rectors (Central Complex
Trombay, Mumbai)
2 Low cost technology for High efficiency Silicon DST 0.00
Solar Cell (Indo-Bulgarian Inter
Govt. Prog.)
2 Establishment of primary standardsfor Vickers & DST 0.00
Brinell Hardness Scales
PA] Development of Cdlibration-Validation (CAL-VAL) DSAC, 000
Sites at Kavaratti Island Space Application
(ISRO, Ahmedabad)
24 Assessment of Effects of High Particulate on APN-Japan 000
Pulmonary Health Status in Selected Magacities of
South Asia
) Generic Development of Nanometrology for DIT, 000
Nanotechnol ogy New Delhi
2% Integrated campaign for aerosols, gases & radiation VSSC, 0.00
budget Thiruvanthapuram
27 Dynamics studies at the phase transition region of DST 000
SmC*-Sm-A phasein electrolineliquid crystal
materials
2 Development of carbo-graphite material for DefenceMateria & 000
aeronautical application Store Esth. (DRDO,
DMSRDE)
2 Sol-gel derived Optical Biosensor for Water Pollution DST 000

Monitoring
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Appendix - 5, Sponsored/Supported R & D Projects

Sr. Title Agency/Client Amount
No. Received
0 High Stability Atomic Fountain Clocks DST-DAAD 000
(German Academic
Exchange Serv.)
3 Modeling of organic Opto-electronic devices DST 000
LEDsand Solar Cells
K Study of the mechanisms involved in enhancement DST 000
of electroluminescene properties of inorganic (Under SERCFAST
nanophosphors Proposals)
3 Studies and formulations for upscailing the process NMRL, Navel Materids 0.00
for making porous conducting carb paper and Research Laboratory
establish pilot plant scale facilitiesat NMRL
A Development of Mesophase Pitch for High Defence Materia & 000
Performance Carbon Fibres Store R& D Esth.
(DRDO, DMSRDE)
<3 Proficiency Testing (PT) among National Accreditation DST 0.00
Board for Testing and Calibration Laboratories (NABL) (NABL)
Accredited Laboraoriesin Chemical Discipline
H SAARC-PTB Cooperation Programme PTB-Germany 000
37 Molecular and biochemical sensor for identification of DST 0.00
cells and diagnosis of diseases
3 Study on the effects of atmospheric dynamical activity DOS, 0.00
in the tropical tropopause region: Implications on the Department of Space
stratosphere-Troposphere exchange of the minor
constituents
0 A novel development of lab-on-chip biosensor for DST 0.00
determination of mycotoxinsinfood (mainly cereals)
- under SERC Fast Track Scheme
0 Development of Carbon-Ceramic composites and the DST 000
influence of oxidation at elevated temperatures on
their properties
4 Evaluation of emission factors and budgets of gases DST 0.00
and particulate matter of relevance to climate change
emitted by fuels particularly biomass used in India by
the rural sector & small scale industries
Completed Projects
01} Cloud and Precipitation Phenomena estimation by DST 000
using different Systems for Propagation Characteristics
in Micro Wave and Millimetre Wave and Millimetre
Wave Frequency bands
@ Development of Plasma Polymerization Process and DST 000

Deposition System for Thin Film Optical Coatingson
Plastic Substrates, Conducting Polymeric Barrier
Membrane Coatings

ANNUAL REPORT 2007 - 2008




Appendix - 5, Sponsored/Supported R & D Projects

. Title Agency/Client Amount
No. Received
(0¢] Development of Bandpass Interference Filters for DST 000
Course Wavelength Division Multiplexing (CWDM)
Fibre Optic Communication System
07} Fabrication and Characterization of Organic Light DST 150
Emitting Diodes (Women Scientist
Scheme-A)
® Studies on the Effect of Dynamic Multiple Scattering DST 100
on Frequency Shift of Spectral Lines and Applications
6 Optical Phase Singularity and its Applications DST 0.75
(Women Scientist
Scheme-A)
(074 Design & Fabrication of Filter Transmission Meter DST 000
0°] Design and Development of Urea-Biosensor DST 300
New/Completed
(018 $Melt blending of PET with doped PANI to generate Reliance Industries 199
data based on thermal and electrical properties Limited, Mumbai
Note: $Project started & completedin 2007-08
(completed Nov 09, 2007)
(018 #Development of Transducer Elements for Acoustic BARC 120
Emission (AE) Sensor
Note: #Project Completed in 2005-06 but amount
receivedin ( 2007-08)
Grand Total 258.15
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Appendix - 5, Sponsored/Supported R & D Projects

CSIR Network Projects

Sr. Nameof theProject Project Nodal Officer Nameof the
No. Cade Laboratory
1 | Advancement in Metrology NWP0045 Dr PBanerjee/ NPL asNodal
Dr Prabhat Kr Gupta Lab
2 | Fabricationof LED Devices NWP0025 Dr.ST NPL asNodal
and Systems for Solid State Lakshmikumar Lab
Lighting Applications
3 | R&D on Photovoltaics and SIP0O017 Dr PK Singh NPL asNodal
other Solar Energy Lab
Applications
(Supra-Ingtitutional Project)
4 | Advance Light Weight NWP0028 DrAnil Kr Gupta NPL as Partner
Metallic Materia sfor Lab
Engineering Applications RRL, Bhopal as
Nodal Lab
5 | New Screening Technologies NWP0017 DrM K Tiwari NPL as Partner
and Effect on Human Health- Lab
Megacity Pollution precursor NEERI as
prediction & Impact alert Nodal Lab
system
6 | Surface analysis of Dispensor NWP0024 Dr Mahesh NPL as Partner
Cathodes for High Power Lab
MWT CEERI, Pilani asNodal
Lab
7 | Design and Fabrication NWP0024 Dr GBhatia NPL asPartner
Capabilitiesfor very High Lab
Power Microwave Tubes CEERI, Pilani asNodal
Lab
8 | Development of Ultrasonic NWP0027 Dr Ashok Kumar NPL as Partner
Technique for measurement Lab
of Residual Stressin Bulk NML, Jamshedpur as
Materias Nodal Lab
9 | Technology for Assessment NWP0027 Dr Sushil Kumar NPL asPartner
and Refurbishment of Lab
Engineering Materials and NML, Jamshedpur as
Components Nodal Lab
10 [ Conducting Polymer paints NWP0012 Dr SK Dhawan NPL asPartner
and coatings for corrosion Lab
protection and sheilding of NCL, PuneasNodal
concrete structures in Lab
strategic areas
o]
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CONSULTANCY PROJECTS

APPENDIX -6

(Rs.Inlakhs)
S Client Title Contact Amount
No. Value Received
2007-08
NEW
0L | RRSL, Bhubaneswar Design and fabrication of transfer standards 223 223
confirming to classA
® | CSIO, Chandigarh Cdlibration facility-guidancefor quality 000 000
manual
B | RRSL Guwahati Setting up of torque standards machine. 1140 1140
04 | RRSL, Faridabad Design, fabrication and installation of primary 3100 24.85
torque measurement machine.
6 | Bangalore Metro Rail Noise and vibration study in and around 11.24 11.24
Corporation Ltd (BMRCL), proposed Bangalore Metro Train/Stations.
Bangalore
06 | Aeronautical development Certification of reference blocks of various 936 351
agency (ADA), Bangalore materialsasper 1.2 mm EBH standard of
VSTM 127-PV3/IPV3
07 | RRSL,Bangdore Setting up of torque standard machine. 3100 24.85
B | RRSL,Bangdore Design, erection and commissioning of dead 101.25 8110
weight force machine.
® | RRSL,Ahmedabad Design, primary and secondary torque 14.29 1145
measuring facility.
10 | RRSL, Bhubaneswar Supply of one number of secondary torque 14.29 14.29
measurement facility.
11 | AparnaCarbon Pvt Ltd, General consultancy to improvethe QI free 200 200
Kolkata coadl tar-pitch
12 | MN Dastur & Co. Pvt Ltd, Mixing height determination at Keonjhar, 590 370
Kolkata Orissa
13 | General Motorsindia Recrystallization and grain refinement 65.97 15.00
Pvt Ltd, Bangaore mechanism during extrusion of magnesium
aloys
14 | HEGLtd,Noida To check feasibility/suitability of HEG Ltd 100 099
works, mandideep to manufacture nuclear
grade graphite
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Appendix - 6, Consultancy Projects

S Client Title Contact Amount
No. Value Received
2007-08
15 | TataSteel, Jamshedpur Inversion study for Tata steel plant. 410 410
16 | Jindal Steel & Power Ltd, Ultrasonic response from hall and notchesin 546 484
Raigarh (MP) reference test rails and theirs correlation with
dimensions
NEW & COMPLETED
0L  ERTL,NewDédhi Characterization of dead weight tester 247 247
®  Urban Waste Management ~ Performance checking of high pressure hose 034 034
Ltd, New Delhi
COMPLETED
0L | Jadavpur University Setting up-lab for calibration parameters : 314 000
Kolkatta dimension and forcein alimited range asper IS
17025
® | RRSL,Bhubaneswar Supply and installation of load Cell testing 14.29 0.00
instruments of range 50-500 kg
B | RRSL, Faridabad Supply and installation of load cell testing 14.29 000
instruments of range 50-500 kg
CONTINUING
0L | RRSL,Ahmadabad Fabrication and installation of load cell testing 1643 000
machine
® | NTPC,GautamBudhNagar, | Purchase of low noise convertor 224 0.00
Noida
3 | Coa Chem,Bhilai QI freecoad tar pitch from coal tar 080 000
0 | CPCB,AGRA, Lucknow Inversion/mixing height studies at CPCB, Agra 999 0.00
Zone
® | DMRCL, Ddhi Consultancy services for studying noise impact 532 000
of Delhi Metro Operation
06 | MN Datur & Co. Ltd, Mixing height determination at Paradeep,Orissa 276 0.77
Kolkatta
Total 382.56 219.13

ANNUAL REPORT 2007 - 2008




APPENDIX -7

EARNING FROM CALIBRATION & TESTING

Physico-Mechanical Standards

ANNUAL REPORT 2007 - 2008

S, Activity DP No. No. of Calibration
No. Reports Charges

1 Mass 101 686 64.89

2 Length & Dimension 102 503 5543

3 Temperature & Humidity 103A 51 1029

4 Temperature & Humidity 103B (3] 08.69

5 Temperature & Humidity 103C 3 05.17

6 Optical Radiation 104 39 8212

7 Force & Hardness 105 493 6147

8 Pressure & Vacuum 106 107 30.75

9 Acoustic 107 24 75.98

10 Fluid Flow 108 9 104

u Ultrasonic 109 3 388

1° Shock & Vibration 111 2 134

Sub-Total (A) 2705 401.55
Electrical & Electronic Sandards

Sr.  Activity DP No. No. of Calibration
No. Reports Charges

1 Time & Freguency 201 24 264

2 Josephson Voltage Standards DCI, V & R 203 6°] 953

3 DCHigh Voltage 204 15 235

4 AC Power & Energy 205 97 1838

5 ACHigh Current * High Voltage (CT/PT) 206 <) 1553

6 LF & HF Impedance 207 20 439

7 LF & HF Voltage, Current & RF Power 208 2 14.46

8 RF Attenuation & Impedance 209 2 574

9 Magnetic 210 19 126

Sub-Total (B) 320 74.28
o]



Appendix - 7, Earning From Calibration & Testing

Engineering Materials

S, Activity DP No. No. of Calibration

No. Reports Charges
Meta & Alloys 3.01 4 0.31
2 Advanced Carbon Product 3.02 1 0.28
Sub-Total (C) 15 0.59

Material Characterization
S, Activity DP No. No. of Calibration

No. Reports Charges
1 Chemicd Andyss 5.01 84 5.92
2 EPR & IR 5.02 7 1.23
3 X-Ray 5.03 2 0.22
4 Electron Microscope 5.04 22 3.33
5 Indian ReferenceMateriads 5.05 6 0.44
6 Crystal Growth 5.06 0 0.00
7 SIMS Standards 5.07 2 0.19
Sub-Total (D) 123 11.33

Super conductivity & Cryogenics

Sr.  Activity DP No. No. of Job Work

No. Reports Charges
1 Superconductivity 7.01 1 5.78
Sub-Total (E) 1 5.78

GRAND TOTAL (A+B+C+D+E) 3164 494.12
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ACTUAL EXPENDITURE 2007 - 08

APPENDIX -8

(Rsinlakhs)

Sr. Budget Heads Expenditure
No.

1 Pay and Allowances 2451.667

2 Contingencies 414.980

3 Human Resources Development 4062

4 Maintenance and Institute Building 166.631

5 Chemical and Consumables 433490

6 Work and Services 87.871

7 Apparatus & Equipment/Components* 865.864

8 M achine/Office Equipment/Furniture Fittings 10.782

9 Library Books** 97.302

10 Staff Quarters (Maintenance & Constructions) 119.720

ik Network Projects 82210

Total 4739.579

* including Computers
** including Library Journals
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APPENDIX -9

RECOGNITIONS, HONOURS AND AWARDS

Awar ds;

Vikram Kumar

| SSSAward for Special Recognition

N.Vijayan

a) CSIR Young Scientist Award

b) Prof. P. Ramasamy National Award for Crystal Growth.
C.Sharma

Received acertificate from Hon' ble Prime Minister of India
recognizing the contribution made to the efforts of United
Nations|ntergovernmenta Panel on Climate Change (1PCC),
which co-shared the Nobel Peace Prize 2007.

PK.Swach

Young scientist award of the UP Council of Science &
technology

B.D.Malhotra
Fellow of the National Academy of Sciences, India

Best Poster/paper award:

Harish Bahadur

Best Poster Award (Int. Conf. Luminesecence ICLA 2008,
Feb. 2008), NPL, New Delhi,.

R Meéhrotra, SRaman, Sudama, D P Bahugunaand H C
Kandpa

Best Poster Award: “LED measurements and applications’,
National Symposium on Metrology and Quality
Management, NPL, New Delhi (India), July 11-13, 2007.

Manju Arora

Best Poster Award ( Workshop on Metrology in Hindi, Jul.
2007), NPL, New Délhi

Recognitions:

Vikram Kumar

Chairman of the BIS Sectional Committee MTD-33 on
Nanometrology

TripurariLal

Member

CCM WGM Task Group 1 (TG-1)

Mass metrology under vacuum for a miseen pratique.
CCM WGM Task Group 11 (TG-11)

Uncertainty components due to traceability to the
international prototypekilogram)

Re-nominated member of CCM Working Groupin Viscosity
A K.Bandyopadhyay

Chairman, TCM, APM Pextended for another two yearsterm
upto 2009

Prabhat Kumar Gupta

Chaired, BI S sectional committee on gases (CHD-6), Manak
Bhavan, New Delhi,

A.K.Agrawal

Chaired, BIS sectiona committee on glass and laboratory
wares(CHD 10), Mumbai,

Leader of Indian Delegation in the meetings of 1SO TC-48
and SC-6 at Mumbai

Anil K. Gupta

Distinguished Visiting Professorship, (AICTE-INAE) at
Ingtitute of Technology (1 T),BanarasHindu University with
Dept. of Metallurgical Engineering—2007- tilldate.

Research Council (RC) Member of Central Glass& Ceramic
Research Ingtitute (CGCRI), Kolkata for a period of three
yearssinceApril, 2007

Chairman, Alloy Steel & Forging Sectional Committee
(MTDC-16), Bureau of Indian Standards (BIS).

Management Council Member (2007-09) of NPL; CEERI,
Pilani,; AMPRI (RRL), Bhopal; NISCAIR, New Delhi and
NIIST (RRL), Thiruvanathpuram
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APPENDIX - 10

VISITS ABROAD

S Name & Country Duration Purpose
No. Designation Visited
1 Dr.B.C.Arya, Sc. F Japan 16.04.2007 To attend 3rd Asia Pacific Network
18.04.2007 (APN) workshop on Asia 0Ozone
Pollutionin Eurasian
2 Dr. T.K.Mandal, Sc.C Japan 16.04.2007 To attend 39 Asia Pacific Network
18.04.2007 (APN )workshop on Asia Ozone
Pollutionin Eurasian
3 Dr.R.S. Dabas, Sc. F USA 21.04.2007 To attend “International Space
27.04.2007 Environment Services (ISES) and Spacs
weather Week Meeting”
4 Dr. Govind, Sc.C USA 08.06.2007 To visit Department of Physics &
07.06.2008 To visit Department of Physics & Astronomy,
The State University of New Jersey, or
BOY SCAST Fellowship awarded by DST fo
the year 2006-2007 to perform research
Rutgers University under Dr. T.E. Madey
5 Dr.A.Sen Gupta, Sc.G Germany, 27.05.2007 (i) To design and develop Cs
Switzerland 01.06.2007 frequency synthesis techniques and
construction and evaluation of a lasel
cooled Cs foundation clock under the
DST-DAAD project from 1% May to 27"
May,2007 at PTB,DAAD Germany
(i) a workshop on primary Frequency
Control Symposium and Presentation af
EFTF-IFCS,2007 at Geneva,Switzerl and
from 28" May to 1% June,2007.
6 Dr.R.B. Mathur, Sc. F Australia 07.05.2007 To work in the Department of
06.09.2007 Functional Nanomaterial, University of
Queensland, Brisbhan, Australia to develop
Collaborative  programme of mutual
interest and to foster enduring linkage
between the two institutes under the
award entitled “Endeavour India Executive
Award” sponsored by the Department of
Education & Training, Australia
7 Dr.Y P.Singh, Sc. F Nepa 07.05.2007 To visit Nepal Bureau of Standards and
12.05.2007 Metrology (NBSM).
8 Dr.Tripurari Lal, Sc.F Nepa 07.05.2007 To visit Nepal Bureau of Standards and
12.052007 Metrology (NBSM).
9 Dr A .K. Bandyopadhyay, China 09.05.2007 To attend the APMP meetings and MIQ
ScF 12.05.2007 symposium /workshop
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Appendix - 10, Visits Abroad

S Name & Country Duration Purpose
No. Designation Visited
10 | Sh.BijendraPal, Tech Taiwan 16.05.2007 To attend a Workshop on AC Metrology
OfcrB 18.05.2007 sponsored by APMP
11 | Dr.VikramKumar, Director Germany 03.05.2007 To visit as a member of Indian
05.052007 delegation for attending the 2™ Meeting of
Joint Working Group for discussion with
the German side for devising concept
paper for  proposed Indo-Germar
Science,Researach and Technology
Centre.
12 | Dr.RPSingha,Sc.G Mangolia 19.05.2007 For the assessment of Mangolian
28.05.2007 Agency for Standardization and Metrology
(MASM) at Ulan Bator, Mangolia
13 | Dr. Sanjeev Sinha, Sc. E-I Thailand 04.06.2007 To attend the Joint Training on Measurement
08.06.2007 Standards at National Institute of
Metrology (NIMT)/ JICA,
14 | Sh.RgeshKumar, Sc.C Thailand 04.06.2007 To attend the Joint Training on Measurement
08.06.2007 Standards at National Institute of
Metrology (NIMT)/ JICA,
15 | Sh.VirendraKr Gupta, STA Thailand 04.06.2007 To attend the Joint Training on Measurement
08.06.2007 Standards at National Institute of Metrology
(NIMT)/ JICA,
16 | Dr.VikramKumar, Director China 09.06.2007 To attend Developing Economics Committed
15.06.2007 (DEC) Workshop as a member of Executive
Committee
17 | Dr. TripurariLd, Sc.F Vietnam 06.06.2007 To attend “Evaluation Workshop fof
08.06.2007 APMPM .M .K6 Inter-comparison in Mass
18 | Dr.H.R.Singh, Sc.E-I Netherland 07.06.2007 To attend and present a paper in
12.06.2007 “ICMCC-2007,International Conference orj
Medical Care and Compunetics
19 | Dr.RPSingha,Sc.G China 09.06.2007 To attend the APMP EC  (Executivg
15.06.2007 Committee ) , APMP TC chairs & Developing
Economies Committee (DEC ) Workshop
MIC Symposium & Workshop
2 | Dr.Prabha Johri,Sc.C China 13.06.2007 To attend the 2" International Symposiuni
15.06.2007 and Workshop on metrology in
chemistry (MIC-2007) under APMP meeting
programme
21 | Dr.Vikram Kumar, Director Germany 19.06.2007 For participation in the 1% Project Advisory
21.06.2007 Committee(PAC) and also to participate
inthe Euro Nano Forum 2007
2 | Dr.R.P.Pant, Sc. E- Slovak 23.07.2007 To attend the 11" International Conferencq
27.07.2007 on Magnetic Fluids(11t™ ICMF
held at Institute of Experimental Physics
(KOSICE)at Slovak  Academy  of
Sciences(SAS).
e
4&_'.0@
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Appendix - 10, Visits Abroad

S Name & Country Duration Purpose

No. Designation Visited

23 | Dr.Sanjay Srivastva, Japan 29.07.2007 For attending the Summer School on
Sc.B 11.08.2007 “ Data Science of Materials’.

24 | Dr.SC.Jan,Sc.G China 04.08.2007 To attend the 2™ Chinese India Workshop

07.08.2007 on MEMS & MENS and delivered ar
invited lecture as the Co-Chairman at Ching
Resources Hotel.

2 | Dr.VikramKumar, Director China 04.08.2007 To attend 2™ China-India Workshop on MEM S
07.08.2007 & MENS as a Chairman of Steering
Committee
26 | Dr.(Ms.) Rina Sharma, China 06.08.2007 For APLAC Peer of CANAS, Ching
ScEl 11.08.2008
27 | Dr.M.N.Kamlasanan, Singapore 02.08.2007 To attend 10" Asian Symp. On Informatior
ScF 03.08.2007 Display at orchard.
28 | Dr.SN. Sharma, Sc.C Singapore 01.07.2007 To attend Int. Conference on Materialg
06.07.2007 Technologies (ICMAT-2007).
2 Dr.V.PS. Awana, Sc.C Israel 06.09.2007 To work under Prof. |. Felner af

25.09.2007 Raach .Institute. of Physics ,Hebrew
University,Jerusalam under DST funded
collaborative project “ Synthesis &
Characterization of Nano-Size grains of
Ruthenocupretters & MgB, Superconductors’

0 | Dr.Y.RPSingh, Sc.F Sri Lanka 20.08.2007 Under SAARC —-PTB cooperation
25.08.2007 programme to provide training to the scientists
of MUSSD in Temp. Mass & Length Standards

3 | Sh.Tripurari Lal, Sc. F Sri Lanka 20.08.2007 Under SAARC —-PTB  cooperation
25.08.2007 programme to provide training to the scientists
of MUSSD in Temp. Mass & Length Standardg

R | DrK.P.Chaudhary, Sc.F Sri Lanka 20.08.2007 Under SAARC-PTB cooperation
25.08.2007 programme to provide training to the scientists
of MUSSD in Temp. Mass & Length Standards

3B | Dr.Mahavir Singh, Sc.El Spain 02.09.2007 To attend the Triennial International

06.09.2007 Conf. OnAcoustics(19" ICA 2007 Material) fovI
oral paper presentation validity for calculation
Method for Sound Triennial Loss

34 | Dr.B.D.Madhotra, Sc.F Korea 01.10.2007 To deliver seminars on Recent
06.10.2007 advances on self assembled motolayer based
Biosensors on conducting polymers based
Biosensors under mutual research .and
academic programme“NPL and Korea’

3H | Dr.H.C.Kandpa, Sc.F France 24.09.2007 To attend a seminar on optics and photonicg
27.09.2007 2007*“ OPTO-2007"
3% | Dr.M.K.Tiwari, Sc.F Canada 17.09.2007 To attend the 20" START Scientifig

19.09.2007 Committee meeting and CIDA/START

Workshop on climate change .RisK
Management
OprSe
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Appendix - 10, Visits Abroad

S Name & Country Duration Purpose
No. Designation Visited
37 | Mr.SP Singh,Sc.C Japan 01.10.2007 To visit Kyushu Inst.of Technology
15.10.2007 under Indo-Japan Joint Project. Application of|
new Fundamental Polymers in Biosensor and
nano-el ectronics.
3 Dr.Vikram Kumar, Director Australia 28.10.2007 As a member of the executive
02.11.2007 council APMP and Chairman of Developing
Economy Committee(DEC) in 23¢ APMH
Genera Assembly and related activity.
30 | Dr.A.K.Bandyopadhyay, Australia 29.10.2007 1)To attend the 239 APMP meeting
G Malayasia 07.11.2007 at Menzki,hotel, Sydney 2) To attend 4
workshop in Kualalampur
40 | Dr.RC.Kothari,Sc.G Australia 28.10.2007 To attend the 23 APMP meeting af
29.10.2007 Menzki,hotel, Sydney.
41 | Dr.P.Banerjee Sc.G Australia 28.10.2007 To attend the 237 APMP meeting af
31.10.2007 Menzki,hotel, Sydney.
42 | DrA.K.Hanjura, ScG Australia 28.10.2007 To attend the 23 APMP meeting af
31.10.2007 Menzki,hotel, Sydney.
43 | Dr.Prabhat Kr. Gupta, Sc.F Australia 28.10.2007 To attend the 23 APMP meeting af
31.10.2007 Menzki,hotel, Sydney
44 | Dr.Ranjana Mehrotra, Germany 12.10.2007 To visit PTB Germany under INSA-
SF 11.02.2008 DFG Exchange Programme
45 | Dr.Vikram Kumar, Director France 12.11.2007 To attend 23 General conference or
16.11.2007 Weights & Measures of National Metrology
Instt. Directors.
46 | Dr.Naveen Garg, Sc.B Indonesia 19.11.2007 To attend Workshop on “Microplang
21.11.2007 Pressure reciprocity calibration and itg
uncertainty analysis.
a7 Mr. Saood Ahmad, Sc.C Thailand 11.12.2007 To attend Asia Pacific Microwave
14.12.2007 Conference for poster presentation
48 | Dr.SK.Titus, Sc.El Maxico 27.11.2007 To attend the 1IMEKO 20" TC3 39
01.12.2007 TC16 & 1¢ TC16 & 1% TC22 Int.Conf.2007 af
Maxico
49 | Dr.Anil Kr.Gupta, Sc.G Singapore 17.12.2007 To attend 16" Int.Conference or
19.12.2007 Processing and Fabrication of Advanced
Materials (PFAM)
50 | Dr.T.K.Manda, Sc.C China 20.11.2007 To attend 2™ Joint CSIR-GSPC workshop
22.11.2007 on Ocean Processes in relation to changing
climatein AsiaOceania.
51 | Dr.Y.Nazeer Ahmmed China 20.11.2007 To attend 2™ Joint CSIR-GSPC workshop or]
22.11.2007 Ocean Processes in relation to changing
climatein AsiaOceania.
2 | DrV.N.Qjha Sc.F Singapore 01.12.2007 To attend 2" PAC meeting of Nano
05.12.2007 stand project TC-229
e
4&_'.0@
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S Name &
No. Designation

Country
Visited

Duration

Purpose

iS¢ Sh.Bharat Kumar Yadav,
T.OA

Singapore

10.12.2007
13.12.2007

To attend the 6th Int. Conference on
Information, communication and signal
processing(ICICS-227)

54 | Dr.SK.Dhawan, Sc. E-l

Tawan

17.12.2007
21.12.2007

On the invitation of Prof.Ten-Chin
Wen of National Cheng Kung , University fo:l
discussion and to deliver a talk in the area o
Conducting Polymers.

% Dr.M.N. Kamalasanan,
ScF

China

26.12.2007
28.12.2007

[T

To attend 2nd Joint Workshop on
Designing Materials through Nand
technology” under the CSIR-NSFC S&T
Cooperation .

5% | DrV.N.Qjha,Sc’F

USA

26.02.2008
05.03.2008

To participate in the International
Workshop on “Documentary Standards foi
Measurement and Characterization in
Nanotechnologies at NIST,USA from 26th Fel
to 28th Feb.2008.and

2) tovisit NIST,USA laboratories from 29th ta
5th March,2008

57 Dr.V.PS.Awana, Sc.'C

Japan

11.03.2008
02.04.2008

To visit NIMS, Japan from 11tH
March 2008 to 2nd April 2008 to present hig
work report in ICYS workshop (11th March
2008 -13th March 2008) and to do some
experimental work related to high fielg
magnetization of superconductors in Prof
Muromachi laboratory, NIMS for three weeks
(14th Marchto 2nd April ,2008)

3 Dr. RamKishore, Sc.F,

USA

01.03.2008
31.03.2008

To visit USA to visit Prof. Hammed
A. Naseem, Professor of Electrical
Engineering, Director, Arkansas Photovoltaid
Research Centre, University of Arkansa, td
work on Metal Induced Crystallisation
Behaviour on Thin Films of Amorphous
Silicon under DST-INSF collaborative project

5 Dr.Hari Kishan, Sc.F.

|srael

22.03.2008
30.03.2008

To work Prof. Felner's Laboratory af
Racah Institute of Physics , Hebrew
University, Jerusalam, Israel under Indo-Israel
joint project entitled “Synthesis ang
Characterization of Nano Size Grains of
Tuthenocuprates and MgB |
Superconductors”.

&0 Dr Chhemendra Sharma,
SCEI

China

17.03.2008
20.03.2008

To Chinato participate asan SASCOM/SASRG
representative in the “International
Workshop on Anthropogenic I mpact
on Asian Monsoon”
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S Name & Country Duration Purpose
No. Designation Visited
61 | Dr.A.Sen Gupta, Sc.G Germany 30.03.2008 To visit PTB, Germany to design and
13.04.2008 develop Cs frequency synthesis techniqueg
and construction and evaluation of a laser
cooled Cs foundation clock under the DST-
DAAD project at PTB,DAAD, Braunschweig.
& | Sh.Prabhat K. Gupta , Sc.H France 30.03.2008 To visit BIPMPFrance to attend
04.04.2008 CCQM-Working Group meeting on Gas
Analysis(GAWG) at BIPM, Paris, excluding
travel time.
63 | Dr.Harish Bahadur, Sc.F Korea 30.03.2008 Under INSA-KOSEF Exchange programmse
15.05.2008
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PhDs BASED ON THE RESEARCH WORK DONE AT NPL

Sr. | Title Awardee University/ Guide(9)
No. Institute
1 | Investigations of some optical techniques K P Chaudhary 1T Dehi Prof. Chander Shekhar
for Dimensiona Measurements (II'T, Delhl)
Prof. L. S. Tanwar
(NSIT, N. Delhi)
2 | Modification of coal tar pitch for areduced Ms Sapna Dehi Dr. G Bhatia(NPL),
content of benzo-a-pyrene and preparation Kaushik University Dr.R.K.Khanda (SRI)
of fusible thermosetting composition from Dr. GL.Verma(DCE, DU).
the modified pitch
3. | Memory Effectin Deformed Helix Ms Sarabjot Dehi Dr.A.M. Biradar (NPL)
Ferroelectric and Electroclinic Liquid Crystal Kaur University Prof. S. Annapurni (Delhi
materias Univ.)
4. | Study of Interface Mixing by Swift Heavy MsDiva Dr.B.R. Dr. RamKishore (NPL)
lons Ambedkar Dr. B.R. Awasthi (NSC, N.
Univ. Agra, Dehi)
India Dr.R.S. Chauhan (B.R.
Ambedkar Univ. Agra)
5. | Study of fluctuation induced conductivity Intikhab Aalam JamiaMillia | Dr.Hari Kishan (NPL)
and magnetic properties of nano-metal oxide Ansari IsSamia,New | Dr. M. Shahabuddin
doped MgB, superconductors Dehi (JM.I.,N. Ddhi)
Prof. M. Husain
(IM.1.,N. Delhi)
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APPENDIX - 12

HUMAN RESOURCE DEVELOPMENT ACTIVITIES

1. Organisation of External Training
Courses

An important activity of the HRD Group is to
organise Training Courses on various physical
parametersintheareaof Metrology / Standards, as
well ason other speciadisedtopics, and areprimarily
meant for personnel belonging to variousindustries,
Testing & Cadlibrationlaboratoriesand other S& T
organisaions.

Fourteen (14) Training Courseson diversetopics
of ‘ Force, Temperature, Pressureand Energy’, ‘AC
& DC Electrical Measurements & Calibrations,
‘Pressure & Vacuum Metrology’, ‘ Photometry &
Colorimetry’, ‘Dimensional Metrology’, ‘Mass
Metrology’, ‘ ISO-17025', etc., were organised by
NPL, which were attended by alarge number of
personnel belonging to various national &
internationd organisations, including afew from NPL
also. Thisactivity led to an ECF generation of Rs.
9.26 Lacs.

2. Formulation and Organisation of I nter nal
Training Programmes

Besidestheexterna training courses, effortswere
also madeto formulate new training programmes
for theexclusvebenefit and wdfareof the NPL staff
members. The basic objectivewasto providethe
saff membersgoodtrainingintheareaof rlevance
totheir duties, so that they could performinamore
competent, productive and useful manner.
Accordingly, 3 new training programmes were
properly designed and executed a so.

3. Dissemination of HRD-Related
Information to NPL Saff Members

Dissemination of HRD-related information to the
NPL staff members is another important task
performed by the HRD Group.

More than 200 different types of HRD-related
paperswere displayed at 4-5 prominent places of
the laboratory each, during the year
2007-2008.

4. Deputation of NPL Saff Members to
Attend Conferences

NPL encourages and supportsits staff members,
including the floating memberslike JRFs, SRFs,
PAs, RIs, RAS, SRAS, €tc., to attend and present
papers at national / international conferences /
symposia/ seminars / workshops, organised by
different agencies in areas relevant to research
activitiesbeing carried out at NPL. Thisisprimarily
meant to enabl e the staff membersto put forward
their views and research results beforethe leading
nationd / internationa expertsandinteract withthem
onthelatest developmentsin their research aress.

A large number of NPL scientists and other steff
members (~400 cases) were deputed to participate
invariousconferencesor similar eventsheldinthe
country.

5.  Placement, Ph.D. Registration and Other
Support to Resear ch Fellows

One of the most prominent activities of the HRD
Groupisto provide help and support to Research
Fellows (JRFs/ SRFs), starting from thetimethey
joinNPL till thetimethey leave NPL. Thisincludes
their placement in gparticular Division/ Group and
hel ping them in getting Hostel accommodation, if
required. Thisalsoincludestheir Ph.D. registration,
assessment for continuance/ upgradation, deputation
to attend conferences, etc. Seventeen (17) fresh
Research Fellowswereingpiredtojoin NPL during
the year 2007-2008.
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Appendix - 12, Human Resource Development Activities

6. Organisation of Students Training at
NPL

NPL provides both Short Term (Minimum Six
Weeksto Six Months or so) and Long Term One
Year or so) training to students pursuing M.Sc. /
B.Tech./M.Tech./ MCA, or their equivalent degree
programmes, at different educational institutions
spread all over the country. During the year 2007-
2008, over 200 students were provided training,
oriented towardsthefulfillment of their academic
degreerequirements, in different areas of research.

7.  Organisation of Institutional Visits to
NPL

Organisation of indtitutiond vistsinvolving students
/ teachers/ faculty members/ personnel belonging
toschools/ colleges/ universties/ technicd indtitutes
/ S& T organisationsisanimportant activity of the
HRD Group. Thebasic objectiveisto providethe
vistorsaglimpseof theactivitiesand achievements
of NPL, and thusenhanceitsvishility inthesociety.
During the year 2007-2008, nine (9) institutional
visits were organised by the HRD Group, which
involved 247 persons and included prestigious
institutions like 11 T-Delhi, IILM-Ranchi, NITS-
Noidaand BHU-Varanasi.

8.  Placement of Newly-Recruited Scientists
‘B'/'C

Co-ordination was donetowardsthe placement of
newly-recruited Scientists‘B’/*C’ inaparticular
Division/Section. These scientists were made to
undergo a2-week Orientation Programmeconssing
of meeting senior scientists, includingall DU/ DP
Leaders, andinteractingwith themontheir research
activities. Thisprogrammecould bevery helpful in
their proper placement by theauthoritiesaswell as
intheir pursuit of research activitiesinthefuture.

9.  Formulation of NPL Training Calendar
2008-2009

Theformulation of ‘NPL Training Cdendar’ andits
communication to the prospective industries /
laboratories/ scientificingtitutionsisthevery first
step towards the organi zation of Training Courses
by the NPL. The NPL Training Calendar for the
year 2008-2009 wasformulated by the HRD Group
in consultationwith theconcerned DU / DPLeaders,
and senttoal therelevant parties.

10. Maintenance of NPL Human Resource
Record

An important responsibility of the NPL's HRD
Groupistomaintainarecord of itsHuman Resource
intermsof Group |, Group 11, Group 111, Group IV
and Adminigrative staff membersw.r.t. their age &
averageage, highest qudlification, gender, religion,
cadte, category, relativeseniority and thingslikethat.
Besidesthis, therecord of floating staff members,
such as JRFs, SRFs, RAs, PAs, RIs, Emeritus
Scientists, etc., isalsomaintained. Inlinewiththis
responsibility, therecord of NPL Human Resource
was maintained, which was updated on monthly
basis.

11. CSIR Foundation Day Celebrations -
2007 (NPL Open Day)

Efforts were made towards the updation and
publication of NPL Brochures(NPL at aGlance) at
the occasion of CSIR Foundation Day Celebrations
- 2007 in the form of NPL Open Day on 26-
September-2007.

12. Organisation of CSIR Programme
on Youth for Leadership in Science
(CPYLYS) - 2007

The CPYLS programme for the year 2007 was
organised by NPL at itspremiseson 23-24 January,
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Appendix - 12, Human Resource Development Activities

2008 with thejoint efforts of the HRD Group and
the Chairman, Academic Committee. |t wasattended
by 29 bright young school children, and involved
theinaugural lectureby Dr. B.R. Mehta, Professor
of Physics, I T-Dehi, intheemerging and fascinating
areaof Nano-Science& Nano-Technology, andthe
valedictory lecture by Mr. Anjai Rai Mehta, a
prominent science journalist, on thetopic “What
Scienceisal about”, besidesvariousother lectures
by thelearned scientistsof NPL on different topics.

13.  Organisation of National Science
Day - 2008 (Poster Presentation Symposium)

A Pogter Presentation Sympos um comprising poster
presentation of thework carried out by the Research
Fellows (JRFS/SRFs) was organised by NPL on
22nd February, 2008 asanove way of celebrating
the National Science Day - 2008. To make this
symposium lively and attractive, 3 Best Poster
Presentation Awardswereinstituted, which were
later given to the Research Fellows sdlected for this

purpose.
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APPENDIX - 13

CONFERENCES, SYMPOSIA, WORKSHOPS AND
EVENTS ORGANISED BY NPL

May 17, 2007

First Discussonmeeting on Globa ChangeCSIR
Network Projects.

May 18, 2007

World Metrology Day and National Technology
Day
May 28-29, 2007

First meeting of the Joint Working GrouponR& D
between NPL Indiaand Immetre Brazil

July 13, 2007
AT T ToTaedT JeET IR LS FIEST
July 13, 2007

WorkshoponApplicationof D.M.I. for Dimenson
Metrology

August 09, 2007

Seminar on Patent Search Analysis &
Management

August 29, 2007

Diamond Jubilee Celebration at NPL with Mr
Kapil Sba, Minigter of Science& Technology as
Chief Guest.

Sept 26, 2007

CSIR Foundation Day Celebrations

Nov 14-16, 2007

IASTA —2007 Conference

Jan 23-24, 2008

Organisation of CPY LS Programme- 2007
February 12,2008

Oneday school on* Scienceand Applications of
Luminescent Materials (SALM —2008)

Feb 12-16, 2008

I nternational Conferenceon Luminescence and
itsApplications (ICLA-2008)

Feb 18, 2008
Indo-Italian Workshop on Force
Feb 22, 2008

Organisation of Poster Presentation Symposium
onthe National Science Day - 2008
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LECTURES ORGANIZED UNDER NPL SEMINAR SERIES

S.No.| Date Speaker Affiliation Titleof thetalk
1 31-08-07 | WlodzimierzLewandowski | Time, frequency and Satellitetime-transfer: Recent
gravimetry section developments and projects
BIPM
2 11-09-07 | Pardeep Mohan National Physical Study of outgassing-related
Laboratory, Dr.K. S. measurements in UHV
Krishnan Road, New system
Delhi- 110012
3 30-10-07 | S.M. Shivaprasad JINCASR, Bangaore A new approach to the
formation of compatible
substrates for GaN growth
4 21-11-07 | RajendraBordia Dept. of Material Science Polymer derived nanostructured
and Engg, University of composite ceramics
Washington, Seattle, USA
5 29-11-07 | Mukunda P. Das Department of Theoretical Mesoscopic electron transport:
Physics, RSPhysSE Facts and fantasies
Institute of Advanced Studies
TheAustralian National
University Canberra,
ACT 0200Australia
6. 12-12-07 | MitjaRosina Professor Emeritus at the Some curiosities of nature
University of Ljubljana
7. 14-12-07 | ST Lakshmikumar National Physical Nobel Prizes(2007) in
Laboratory, Science : An Appreciation
Dr. K. S. Krishnan Road,
New Delhi- 110012
8 20-12-07 | Jagdish Narayan Fan Family Distinguished Frontiers in nanomaterials and
Chair Professor nanotechnol ogy
Department of Material
Science and Eng.North
Carolina State University
Raleigh, NC 27695-7916,
USA
9 23-12-07 | Mitsumasalwamoto Department of Physical Probing of carrier motionin

Electronics, Tokyo Institute
of Technology2-12-1
0-Okayama, Meguro-ku,
Tokyo 152-8552, Japan

pentacene films by optical
second harmonic generation
measurements
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Appendix - 14, Lectures Organized Under NPL Seminar Series

S.No.| Date Speaker Affiliation Titleof thetalk

10. | 24-12-07 | Mitsuyoshi Onoda Department of Electrical A proposal of molecularly
Engineering and Computer doping methods for polymer
Sciences, Graduate School devices: maskless dye diffusion
of Engineering, University technique
of Hyogo, 2167 Shosha,
Himgji, Hyogo 671-2280,
Japan

1. | 24-12-07 | Keiichi Kaneto L SSE, Kyushu Institute of Field effect transistors and the
Technology, Kitakyushu, light effects based on composite
808-0196, Japan films of conducting polymers

and fullerene derivatives
12, | 14-02-08 | Peter Kopcansky Director, Institute of Magnetic Nano-fluids and their

Experimental Physics, Slovak
Academy of Sciences, Slovak

technical and Bio-medical
applications
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INVITED TALKS, LECTURES BY NPL SCIENTISTS

S.No.| Speaker’s Name Topic Event and Venue
1 A.K.Agrawal i)  Evaluation of Uncertainty in National Symposium on Recent
Chemical Measurements Advances in Analytical Sciences and
Applications, Shimla, April 9-11, 2007
i) Precise and Accurate Measurement| National conference on Environmental
of Pollutants in Water Pollution and Health: Problems ang
Solutions, New Delhi, April 19-20, 2007
i) Inductively Coupled Plasma User Awareness Programme on
Emission Spectrometer (ICPES) Materials Characterization Techniques
NPL, New Delhi, July 16-20, 2007
iv) Quality Systemin Measurements | Workshop on Technologies and Recent
and Certified reference Materias Advances in Residue Estimation of
Pesticides, IPFT, Gurgaon, Haryana
September 25, 2007
V) Importance and Requirements of Management Development Programme or]
Laboratory Accreditation System | Orientation, Maintenance & Repair of
Analytical Equipment Sponsored by
Ministry of External Affairs, Govt. of Indig
at CSIO Regional Center, New Delhi &
Chandigarh, March 03, 2008
2 A K. Srivastava i) Advance techniques of electron National Conference on Electrorn
microscopy for nanoanalysis Microscopy & Allied Fields and
including interfaces XXIX Annual Meeting of EMSI, New
Delhi, India, November 26-28, 2007
i) Imaging and Spectroscopic 10th International Conference on
Investigations of Nanoclusters Advanced Materials (IUMRS-ICAM 2007)
Employing HRTEM, STEM and Indian Institute of Science, Bangalore
BEAS IndiaOctober 8-13, 2007
3 Amish G. Joshi Surface Science —A powerful S. Venkateshwara. College, New Delhi
technique for Nanotechnology on 7th Nov.2007
4, Anil K. Gupta i) Overview of Nanoscience & Theme Meeting on “Nanostructured
Nanotechnology at NPL with Advanced Material s” National

special reference to Structural
Applications

Metallurgical Laboratory, Jamshedpur
March 27- 29, 2008

i)

Resurgence of Magnesium and its
Alloys for Transport Applications

APAM (Asia Pacific Association foi

Materials) 19th  Annual  General
Meeting (AGM) of Material s
Research Society of India (MRSI

Trivandrum, February, 14-16, 2008
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S.No.| Speaker’s Name Topic Event and Venue
iii) Mg & Al —based aloys for National Conference on Advanced
Automotive & Aerospace Materials for Aerospace and Defencs
applications— R&D activities at applications at AMRITA Vishwg
NPL Vidyapeetham University, Coimbatore
January 7-9, 2008
iv) Light Weight Metallic materials 16th International Conference on
for automobile applications — Processing  and Fabrication  of
Opportunities & Challenges Advanced Materials, National
University of Singapore (NUS)
Singapore, December 17-19, 2007
v) Journey to Materials Indian National Science Academy, New
Delhi, December 14, 2007.
vi) Processing of Light-Weight Alloys | International Conference on Advanced
with Special Referenceto Materials and Composites (ICAMC-2007
Mg-Alloys held at NIIST (RRL), Thrivadrum
October 24-26, 2007
vii) Novel Composite Devel opment 10th International Conference on
Activity at NPL for Strategic Advanced Materials (IUMRS-ICAM)
applications I1Sc Bangal ore, October 8-13, 2007
5 Anil Kumar Calibration of Universal Testing Presented at 2" Indo-ltalian Training
Machines Program in Force, Mass & Pressure
Feb. 18-22, 2008, NPL, New Delhi
6. B.R.Chakraborty i) Surface and Interface Analysis Lecture delivered at SSPL on 24.8.07

using Secondary lon. Mass
Spectrometry (SIMS) : StaticSIMS

under the CEP Programme

i)

Characterization of various
Nanophosphors for doping
distribution by TOF — SIMS and
Laser SNMS

Invited talk delivered at the National
Conf. On Nanomaterials & NanoH
technology (NATCON NAMTECH 2007
08-10 Dec. 2007, Lucknow University
Lucknow.

ii)

Application of TOF —SIMS and
Laser SNM S for study of doping
distribution in Nanophosphors.

Invited talk delivered in the Tenth
Conference of International Academy
of Physical Sciences (CONIAPS — X)
Jan.12-14, 2008 at Guru Ghasidas
University, Bilaspur, Chhattisgarh.

Secondary lon Mass Spectrometry—
Tool for characterizing Surfaces &
Interfaces

Lecture delivered at the University of
Delhi, Physics Deptt. under the Centrg
for Professional Development in
Higher Education (UGC - ASC
Programme, on 16" January, 2008.

v)

lon Solid interaction and use of
SIM Sfor characterization of swift
heavy ion induced mixing

Invited talk delivered at the 13" ISMAS
Workshop cum Symposium held during
26-31% January, 2008 at BARC, Mumbai.
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S.No.| Speaker’s Name Topic Event and Venue
vi) Use of Secondary lon Mass Talk delivered at the National Seminay|
Spectrometry for the on Recent Advances in material science
Characterization of various RAM S08, during February 15-17, 2008 &l
Nanomaterials the Indian School of Mines University
Dhanbad
7. Bipin Kumar Gupta i) Development of New phosphor National conference on Nano-materials and
Materialsfor Energy Saving Nano-technology, 8-10 Dec.2007, Deptt. Off
Devices Physics, Lucknow University, Lucknow.
i) Applications of Carbon Nano- - d o]
materials and Technology
iii) Hydrogen Energy — Alternate National Conference on the Application
Solutions for India's Needs of Material Science in Service of Society,
5th and 6th February 2008, C.M.P. Degreq
College, University of Allahabad.
8 CSharma i) Preparation of national GHG invited talk and training provided ta
inventories from Industrial the participants of NATCOM-CII
Processes and Product Use (IPPU) | Training Meeting on IPPU Sectof
Sector organized by the Confederation of
Indian Industries (CIl) at New Delhi
on 25 January 2008
i) India’sNational Communication International Workshop on Climate Change
(NATCOM) Project & Its Impact on Flora in the South Asig
Region, March 9-12, 2008 organized by the
National Botanical Research Institute
Lucknow and South Asia Co-operative
Environment Programme, Colombo
Sri Lankaat NBRI, Lucknow.
9 C.Ld Carbon Productsfor Electric Sliding National workshop on Modern Carbon
Applications products and processing, NPL, New-Delhi
39March 2008
10. | D. Haranath i) Band gap Engineering and Doping | International Conference on Luminescence
of ZnO and ZnOS Nanocrystals and its Applications (ICLA-2008) held af
National Physical Laboratory, New Delhi
Indiafrom February 13-16, 2008
i) Effect of RefractiveIndex of the International Conference on Advanced
Medium on the L uminescence of Materials and Applications (ICAMA-2007
ZnO:Li Quantum Dot held at Shivaji University Kolhapur
M aharashtraduring November 15-17, 2007
iif) Phosphors and Nanophosphors — | Michigan Technological University (MTU)
Synthesis, Characterization and Houghton, Michigan, USA
Applications onJune 08, 2007.
11. | G Bhagavannarayana | i) An introduction to high-resolution | Invited talk delivered at a special seminay

X-ray diffraction (HRXRD)
methods to characterize as-grown
& processed single crystals and
epitaxid films

organized by Nesamony Memorial Christiar]
College, Marthandam, Kanya Kumari
Tamil Nadu on 3-1-2008
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S.No.| Speaker’s Name Topic Event and Venue

ii) Characterization of Invited talk organized by Phys. Dept.
singlecrystals, epitaxial films, Madurai Kamaraj University, Madurai
quantum wells and porous silicon | Tamil Nadu on 4-1-2008 under thg
by high-resolution X-ray diffractionf UGC DRS programme
methods

i) Interesting correlations Invited talk delivered in National
between crystalline perfection and | Conference on Advanced Materials
SHG efficiency depending upon thg Devices and Technologies held at Dept
size, concentration and nature of of Phys., Sri Venkateswara University
defectsin NLO crystals Tirupati during Feb. 20-22, 2008.

iv) Characterization of as-grownand | Invited talk delivered in “6" National
processed single crystals and Conference on Emerging Trends in Cryst
epitaxial filmshby high-resolution Growth and Nano Materials” held al
X-ray diffraction methods Dept. of Phys., Loyola College, Chennai

during Feb. 28 & 29, 2008.

V) Characterization of Epitaxial 12" National Seminar on Crystal Growth
Films and Quantum Wells by held at Centre for Crystal Growth, SSN
High-resolution XRD, Ramanand | College of Engineering, SSN Nagar
DXS measurement techniques Tamil Nadu during Dec. 21-23, 2007, Pg. 8.

12. | G Bhagavannarayana | Effect of dopantsand complexating Seminar on Crystal Growth and
S.K. Kushwaha, additives on crystalline perfection and | Nanoscienceheld at Dept. of Phys.
S. Parthiban and SHG efficiency inNLO crystals Aditanar College of Arts and Science
Subbiah Tiruchendur, Tamil Nadu during 30" Aug. td
M eenakshisundaram 1% Sep., 2007,
13. | G Bhatia Carbon-ceramics composites for high | 6" International conference on high
temperature applications temperature ceramic matrix composites
(HTCMC-6) and advanced ceramig
materials and technologies for 219
century at IndiaHabitat Center, New Delhi
14. | Govind Adsorbate induced faceting of Rh (210)] American Physical Society, March meeting
surface New Orleans, Louisiana, USA
10-14 March, 2008
15. | H.C.Kandpa i) Optical Radiation Measurements | Defense Laboratory, Jodhpur, April 20, 2007.

i) Photometric Measurements and
Problems

Central Inst. for Road Trans., Pune

May 21, 2007.

iii) Uncertainty in Photometric

VRDE, Ahmednagar, August 17, 2007

M easurements

iv) Photometric Measurements GE, Apar, June 3,2007%
Problems and solution

v) Measurements of focal length and | OLF, Dehradun, Junele6, 2007

uncertainty in measurement

vi) 8lectures: Course on Photometry

and Colorimetry

ARAI, Pune September 25-26, 2007
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S.No.| Speaker’s Name Topic Event and Venue
vii) 10 lectures: Wave optics, Ray 3 day Course to the Teachers of the Highey|
opticsand experimental Secondary from South India at Navodaya
demonstrations of the optical Vidyalaya, Hyderabad, Sept 9-12, 2007
phenomena by simple and very
cost effective experiments
viii) Coherence and intreferometry Rajasthan University, April 12, 2007
iX) Parametric fluorescence and its Sopra, Paris, France
application in quantum metrology
16. | Harish Bahadur i) Nanostructural characteristics of International Conference on Advanced
thinfilmsof ZnO: Structural Materials and Applications
property coorelationship” (ICAMA - 2007), Shivaji Univ., Kolhapur
Nov. 2007.
i)  ZnO structural property 10th Conference of International Academy
correlationship” of Physical Sciences CONIAPS - X
Interdisciplinary approaches in Physical
Sciences : growing Trends and Recent
Advances, Dept. Pure & Appl. Phys., Gurd
Ghasidas Univ., Bilaspur Chattisgarh
Jan. 2008
17. | K. Nagargjan, High-resolution X-ray diffraction, 12" National Seminar on Crystal Growth
C.K Shashidharan dielectric and birefringence studieson | held at Centre for Crystal Growth
Nair and ZTS, NaAP and RbAP singlecrystals | SSN College of Engineering, SSN Nagar
G Bhagavannarayana Tamil Nadu during Dec. 21-23, 2007,
18 M.N. Kamalasanan i)  White Organic Light-Emitting ASID Symposium, Singapore
Diodes Based on DCM Doped 2-4 August 2007
Zinc Complex
i) Energy Transfer Processesin India-China workshop of “Designing
Polymer Light Emitting Diodes Materials through Nano-technology
Beijing, 27-28 December 2007
iii) Tuning the Spectral Response of International Conf. For Luminescence ang
Zn(hpb), by Optimal Doping of its Applications-2008, 13-16 February 2008
DCM Dyefor White Organic Light | NPL, New Delhi
Emitting Diodes
iv) Some Recent Advancesin Flexible | National Seminar on Photonic Polymers
Organic Electronic Devices Materials, Devices and Applications, BITS
Pilani, 3-4April 2008
19. | Mahesh Kumar Metal -semiconductor surfaces and Seminar on Developments in Materials
interfaces High Energy and Nuclear Physics, on 20-21
February, 2008. IM1 University Delhi
20. | N.Vijayanand i) Synthesis, growth and Regional level Seminar on Crystal Growth

G Bhagavannarayana

characterization analyses of
L- threonine sodium nitrate

and Nanoscience held at Dept. of Physics,
Aditanar College of Arts and Science
Tiruchendur, during 30, 31 August—19
September 2007
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Appendix - 15, Invited Talks, Lectures by NPL Scientists

S.No.| Speaker’s Name Topic Event and Venue
i) Studiesontheelectrical, thermal, 12" National Seminar on Crystal Growth
structural and optical properties of | held at Centre for Crystal Growth, SSN
glycine hydrofluoride and College of Engineering, Kalavakkam
L-histidine bromide single crystals | during December 21-23, 2007
iif) Growth and characterization National seminar on Crystal Growth of
analyses of some technologically | Nonlinear Optical Materials held at Dept. of|
important nonlinear optical single | Physics, National College, Tiruchirappall
crystalsby SEST, VBT and SR during March 03-04, 2008
methods
2L PK. Singh i) Multi-crystalline Silicon Ingot International Conference on Solar Cells
Growth: Indian and the World IC-SOLACE-2008, Cochin
Status 21-23 January, 2008.
i) Photovoltaic: A Prospective Seminar on Energy Materials and Systems
AnnaUniversity, Chennai 10-11 Jan 2008
2. Prabhat K. Gupta i) AAS AAS: UAPMAT-07, July 16, 2007
NPL New Delhi
i) GasAnalysis Gas Analysis: UAPMAT-07, July 17, 2007
NPL, New Delhi
i) Livestock GHG & environment, Livestock GHG & environment
TROPNUTRICONO7, Oct. 6, 2007, NDRI
Karnal
iv) MiC and Indian scenario for trace | MiC and Indian scenario for trace gaseg
gases & aerosols & aerosols, IASTA conf., Nov. 15-17, 2007
NPL, New Delhi
v) Climate change and MiC issues Climate change and MiC issues, NBRI
March 10, 2008, NBRI, L ucknow
23. | RSDabas Space Weather Predictions at NPL National seminar on “Emerging Trends
for Strategic Applications in Space and Aviation Meteorology” helg
on 18 — 19 February 2008 at Air Forcq
auditorium, Subroto Park, New Delhi
24. | R.B.Mathur i) Carbon componentsfor fuel cell- National workshop on Modern Carbor
their applications products and processing, NPL, New-Delhi
34March 2008
i) Fuel cell: Future source of clean Refresher course in Physics ang
energy electronics; Centre for professional
development in higher education, Delhi
University, 16" January, 2008
iii) Development of Advanced Carbon | Plasma Research group at Australiar]
products for Industrial and Energy | National University (ANU), Canberra
Applications August 21, 2007
25. | Ranjana Mehrotra i) Radiometric and Photometric PTB, Germany

Activitiesat NPL

i) Infrared Spectroscopy

CSIO, New Delhi, Sept. 2007
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S.No.| Speaker’s Name Topic Event and Venue
26. | Rashmi X-ray Fluorescence Spectrometry in User awareness programme on material
Characterization of Materials characterization  techniques, NPL
New Delhi, July 16- 20, 2007
27. | SK Sarkar i) Characterization of nonionized Seminar on Recent advances or]
mediafor radio wave propagation | Planetary studies on 27 July, 07, held af
over the Indian subcontinent Department of Physics, M C College
Barpeta, Assam
i) Precipitation phenomenainrelation| Seminar on Recent advances or]
to radio wave propagation over Planetary studies on 28 July, 07, held af
India Department of Physics, M C College
Barpeta, Assam
iil) Radio climatology over India Workshop on Radio Occultation Sounde
Atmosphere held during 11-12 January, 08
NARL, Gadanki, AP.
iv) Radio environment inrelation to Inst Radio Physics and Electronics
clear air and its effects on radio Kolkata during 10-16 March, 08
wave propagation over India
V) Precipitation phenomenaand its -do-
effects on microwave
communication over India
28. | SK.Dhawan Designing of Conducting Polymersfor | International Conf. On Advances ir
Electrical/Electronic Industries Polymer Science & Technology, Poly 2008
India Habitat Center, New Delhi
28-30 January 2008
2. | SK.Jan i) Developments in resonant Presented at XVI National symposiun
transducer technique for on Ultrasonics, Cochin University of
measurement of forceandrelated | Science &  Technology, Kochi
quantities Dec. 17-19, 2007
i) Tracability of force calibration at Presented at 2" Indo-Italian Training
National Physical Laboratory Program in Force, Mass, Pressure
Feb. 18-22, 2008, NPL, New Delhi
3. | SK.Hader Characterization of Materials by User awareness programme on material
Powder X-ray Diffraction Technique characterization techniques, N.P.L.
New Delhi, July 16- 20, 2007
3L | SSK.Titus Calibration of Torque Wrenches Presented at 2" Indo-ltalian Training
Program in Force, Mass & Pressure
Feb. 18-22, 2008, NPL, New Delhi
32. | Sachchidanand Singh | Aggregating aerosols radiative forcing:| IASTA-2007, conference at Delhi during
Approaches and issues November 14-16, 2007.
3B | SantaChawla Development of phosphors for white | International Conference on Luminescencs
LED and its Applications (ICLA-2008) held af
National Physical Laboratory, New Delhi
Indiafrom February 13-16, 2008
3#. | ShaileshN. Sharma Towards Greener Nanosynthesis Of ICONTOX 2008, International Conference

Core-Shell CdSe-ZnSe Quantum Dots

held at L ucknow during Feb 5-7", 2008.
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Appendix - 15, Invited Talks, Lectures by NPL Scientists

S.No.| Speaker’s Name Topic Event and Venue
3. | T.Baakrishnan, Growth, structural, optical, thermal National seminar on recent advances
G Bhagavannarayana | and mechanical properties of in Materials Science held at Dept. of
and K. Ramamurthi ammonium pentaborate single crystal Physics, Cauvery College for Women
Tiruchirappalli during Feb. 15-16, 2008,
36. | T.L.Dhami i) Carbon/Carbon Composites and Refresher Course in Physics and
their Applications” Electronics, Center for Professional
Development in Higher Education
Delhi University, 10t January, 2008.
if) Thermal Management through Sixth International Conference on High
Ceramic Materials Temperature Ceramic Material Composites
(HTCMC - 6) and Advanced Ceramig
Materials and Technologies for 21% Century.
Sep.4—7,2007, New Delhi
iii) Carbon-Carbon Composites as Indo — Japan Workshop on Microstructural
High Temperature Materials Performance of High Temperaturg
Composites, Jan.15—-17, 2007, BHU
iv) Nuclear Energy —Roleof Carbon | op on “Modern Carbon Products ang
Materials Processing” 3 March, 2008, ICS, NPL
N Delhi.
37. | Tripurari Lal i) Calibration of Volumetric In Seminar on “Calibration & Testing fol
Measurement Apparatus. Quality Assurance of the Products”
organized by CGCRI Khurja Centre undef
WWCD Project - 5th September 2007
ii) Balances& Their Operation, During Management Development Progran
Maintenace & Calibration on Operation, Maintenance & Repair of|
Analytical Equipment under ITEC/SCAAHR
Program sponsored by Ministry of External
Affairs, New Delhi organized by CSIQ
New Delhi, 13th Feb. to 8th April 2008.
3B | V.PS. Awana i)  Superconductivity of various Invited talk at IUAC-New Delhi
Borides 4" Feh. 2008
ii) Magnetic structure of Rutheno- Invited talk at ICYS-NIMS-JAPAN
cuprates 11" Mar. 2008
0. | VikramKumar i) Inaugural address IETE seminar at IETE, New Delhi

on 7" May 2007

i) Importance of Calibration and
Testing & itsimpact on Quality

Defence Institute of Physiology and allied
Sciences (DIPAS), New Delhi or

in our country and effect on our 14" May 2007
daily life
iii) Nanometrology AT G ToTaedT TG IR LS FEST

National Physical Laboratory, New Delhi
on 11" July 2007

iv) Nanometrology for the new
world of Nanotechnology

User Awareness Programme of Material
Characterization National Physical
Laboratory, New Delhi on 16" July 2007
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S.No.

Speaker’s Name

Topic

Event and Venue

v) MEMS & Microsensors

2" Chinese — India workshop on
Microelectro-Mechanical system at North
ChinaUniversity, China Resources Hotel,
Beijing on 5" August 2007

vi) Overview of MEMSinIndia

International Symposium on Test &
Measurements North China

University, China ResourcesHotel, Beijing
on 6" August 2007

vii) Nanotechnology — An overview

Sri Venkateshwara College, New Delh
on 15" September 2007

viii) Nanotechnology and
Nanometrology @ NPLI

International Workshop on Nanometrology.
National Physical Laboratory, New Delhi
on 19" October 2007

iX) Roleof Standardizationin
Nanotechnology

Bangalore Nano 2007 conference held
on 6" December 2007

X Inaugural address

National conference on Nanomaterials &
Nanotechnologies University of
L ucknow, Lucknow on 8" December 2007

X) Inaugural address

International Conference on Sensors
signal processing, communication control
& Instrumentation, Vishwakarma

Institute of Technology, Pune on
39 January 2008

Xii) Inaugural address

National seminar on Nanomaterials and
DevicesJamiaMilialdlamia, New Delhi on
30" January 2008
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APPENDIX - 16

HUMAN RESOURCE
As on March 31, 2008

GROUPIV GROUPII Sub-Total 195

Director 1

Scientit G 10 GROUPI Sub-Total 68

Scientist F 78

Scientist El 36 ADMN-A 8

Scientis El 24 ADMN-B 83

ScientistC 32 ADMN-C 55

ScientistB 29 ADMN-C (Cafeteria Staff) 1
Sub-Total : 210 ADMN-D 99

ADMN-D (CafeteriaStaff) 1

GROUPIII Sub-Total : 267

Tech. Ofcr (E-I1) 5 GRAND TOTAL 866

Tech. Ofcr (E-I) 18

Supt. Engineer 1

Tech. Ofcr (C) 34

Tech. Ofcr (B) 14

Tech. Ofcr (A) 8

Sr. Tech. Asst. 10

Tech..Asst. VIII 35

Junior Engineer 1

Sub-Total : 126

(176 ANNUAL REPORT 2007 - 2008



Appendix - 16, Human Resource

SCIENTISTS AND OFFICERS AS ON 31.03.2008

Director
Dr Vikram Kumar

Name Designation
Physico-M echanical Standar ds
Head : Dr Kamlesh Kumar Jain

Dr Kamlesh Kumar Jain Scientis G
Dr AshisKumar Bandhyopadhyay Scientis G
Dr Ashok Kumar Scientist F
Sh H N P Poddar Scientist F
DrBhim SainGera Scientist F
Dr Desh Rgj Sharma Scientist F
Dr Sushil Kumar Jain Scientist F
Dr Pardeep Mohan Scientist F
Dr Hem ChandraKandpal Scientist F
ShTripurari Ld Scientist F
ShB V Kumaraswamy Scientist F
ShOmkar Sharma Scientist F
Dr Rakesh Kumar Garg Scientist F
Sh Subodh Kumar Singhal Scientist F
ShK P Chaudhary Scientist F
DrYeshPd Singh Scientist F
ShAnil Kumar Scientist F
Dr (Ms) RanjanaMehrotra Scientist F
Dr Mukesh Chandra Scientist Ell
ShNavin Kumar Srivastava Scientist Ell
ShRg Singh Scientist Ell
Dr Sanjeev Sinha Scientist El
DrMahavir Singh Scientis El
Dr (Ms) RinaSharma Scientist El
ShD ArunVijayakumar Scientig El
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Name Designation
Dr Sanjay Yadav Scientist El

Dr (Ms) NitaDilawar Scientist El

Dr SSedlaKumar Titus Scientis El
Sh R esh Kumar Scientist C
ShGautamMandal ScientistC
ShNaveen Garg Scientist B
MsSumitraSingh Scientit B

Sh C K Gopan Scientit B

Dr Parag Sharma Scientit B
ShHarish Kumar Scientist B
ShVirendraBabu Tech Ofcr (Ell)
ShRavi Khanna Tech Ofcr (EIN)
Sh Jagdish Kumar Gupta Tech Ofcr (EIN)
ShJai Bhagwan Tech Ofcr (EI)
ShGurbir Singh Tech Ofcr (EI)
MrsReetaGupta Tech Ofcr (EI)
Dr Yudhisther Kumar Yadav Tech Ofcr (EI)
ShT K Parameshwaran Tech Ofcr (C)
ShGurcharanjit Singh Tech Ofcr (C)
ShV K Ojha Tech Ofcr (C)
Sh Ishwar Singh Taak Tech Ofcr (C)
Sh Gurdeep Singh Lamba Tech Ofcr (C)
ShBhikham Singh Tech Ofcr (C)
ShMukesh Kumar Tech Ofcr (B)
ShK N Basavargju Tech Ofcr (B)
Sh Sudama Tech Ofcr (B)
ShMaharghaBaran Das Tech Ofcr (B)
ShBharat Kumar Yadav Tech Ofcr (A)
ShHarish Kumar Tech Ofcr (A)
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Electrical & Electronic Sandards
Head: Dr Prafulla Chandra Kothari

Name Designation
Dr PrafullaChandraK othari Scientis G
Dr PBanerjee Scientis G
Dr AmitavaSengupta Scientis G
Dr G M Saxena Scientist F
Dr Ashok Kumar Hanjura Scientist F
DrVijay Narain Ojha Scientist F
Dr StaRam Gupta Scientist F
ShAnil Kumar Govil Scientist F
ShMukesh Kumar Mittal Scientist F
ShT Raghvendra Scientist F
ShAnil Kishore Saxena Scientist F
DrRK Kotnaa Scientist F
Sh PramendraSingh Negi Scientist F
ShRitander Aggarwa Scientis Ell
Dr. Vijay Kumar Gumber Scientis Ell
MrsArundhati Chatterjee Scientis Ell
Dr Neerg) Khare Scientis Ell
ShKavindraPant Scientist Ell
ShM PSingh Scientist El
ShHR Singh Scientist El
ShAjest Singh Scientist El
Sh Joges ChandraBiswas Scientist El
ShRajbeer Singh Scientist El
Dr Hari KrishnaSingh Scientig El
Sh Shiv Kumar Jaiswal Scientist C
MsManju Singh Scientist C
DrAshishAgarwal Scientist C
Dr RPAloysius Scientist C
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Name Designation
Sh Saood Ahmed ScientistC
Sh Chockalingam Sreekumar Scientist B
ShKamlesh Kumar Patel ScientistB
ShMukeshKumar Alaria Scientist B
MsPranalee Premdas Scientist B
ShAnil Kumar Suri Tech Ofcr (EI)
ShKul Bhushan Ravat Tech Ofcr (EI)
ShMohammad Saleem Tech Ofcr (C)
Sh Avdhesh Kumar Godl Tech Ofcr (C)
ShBijendraPd Tech Ofcr (B)
Sh Sridhar Lingam Tech Ofcr (A)
MsPoonam Sethi Bist Tech Ofcr (A)
Engineering Materials
Head: Dr Anil Kumar Gupta

Name Designation
Dr Anil Kumar Gupta Scientis G

Dr Sukhmal Chand Jain Scientis G

Dr Sukhwant Singh Bawa Scientis G

Dr Gopa Bhatia Scientis G

Dr Rakesh Behari Mathur Scientist F

Dr M N Kamalasanan Scientist F

Dr Ashok Manikrao Biradar Scientist F
Dr Suresh Chand Scientist F

Dr Tarsem La Dhami Scientist F

Dr Bans Dhar Mahotra Scientist F

Sh Ramesh ChandraAnandani Scientist F

Dr Sunil Kumar Singhdl Scientist F

Dr Chhotey Ld Scientist F

Dr Rajeev Chopra Scientist F
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Name Designation
Dr Krishan Kumar Saini Scientist F
Dr TushyaKumar Saxena Scientis Ell
DrAjay Dhar Scientis Ell
Dr SK Dhawan Scientist Ell
Dr RK Sharma Scientist El
Sh Sudhanshu Dwivedi Scientist Ell
Sh Sanjay Rangnate Dhakate Scientist El
Dr(Ms) Ritu Srivastava Scientisgt C
ShVipindain Scientist C
Dr SurendraPa Singh Scientist C

Dr (Ms) G SumanaGgala Scientigt C
ShAshok Kumar Scientist B
DrRG Mathur ScientistB
Sh. Bhanu Pratap Singh Scientist B

Sh Pankagj Kumar Scienti B
ShBathulaSivaiah ScientistB
ShM Sarvanan ScientistB
MsPriunkaHedaM aheshwari Scientist B
ShRgjiv Skand Tech Ofcr (EI)
ShPinaki Ranjan Sengupta Tech Ofcr (EI)
Sh Gauri Datt Sharma Tech Ofcr (C)
Sh Rakesh Khanna Tech Ofcr (C)
Sh Chander Kant Tech Ofcr (C)
Sh Jokhan Ram Tech Ofcr (C)
Sh Rajesh Kumar Seth Tech Ofcr (B)
ShVinod Kumar Tanwar Tech Ofcr (A)
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Electronic Materials
Head: Dr ST Lakshmikumar

Name Designation
Dr ST Lakshmikumear Scientist F
Dr AmitabhaBasu Scientist F
Dr Virendra Shanker Scientist F
Dr Ramadhar Singh Scientist F
Dr Bidhan Chandra Chakravarty Scientist F
Dr Parakram Kumar Singh Scientist F
Dr Omvir Singh Panwar Scientist F
Dr SM Shivaprasad Scientist F
Dr Sher Singh Rajput Scientist F
Dr (Ms) Meenakshi Kar Scientig Ell
Dr (Ms) KiranJain Scientig Ell
Dr (Ms) SantaChawla Scientis Ell
ShCM SRauthan Scientist El
DrK MK Srivatsa Scientist El
DrAbdul Mobin Scientist El
Dr Narinder Kumar Arora Scientist El
Dr T D Senguttuvan Scientist El
MrsSantosh Singh Scientis C
Dr Shailesh Narayan Sharma Scientist C
DrAmish G Joshi Scientist C
Dr(Ms) Gurusharan Kaur Padam Scientist C
Dr Sushil Kumar Scientist C
Dr Divi Haranath Scientist C
Dr Govind Scientist C
Dr(Ms)M Degpa Scientist C
Sh Mahesh Kumar Scientist B
Sh Sanjay Kumar Srivastava Scientit B
Dr Bipin Kumar Gupta Scientis B
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Materials Characterization
Head: Dr Bibhash Ranjan Chakraborty

Name Designation
Dr Bibhash Ranjan Chakraborty Scientist F

Dr Sujit Kumar Halder Scientist F

Dr Godavarthi Bhagavannarayana Scientist F

Dr RamKishore Scientist F

Sh Prabhat Kumar Gupta Scientist F

Dr Harish Bahadur Scientist F

Dr (Ms) Rashmi Scientist F

Dr Devinder Gupta Scientis Ell
Dr Rajendra Prasad Pant Scientis Ell
Dr Sukhvir Singh Scientist El
DrAvanishK Srivastava Scientis El
MsRenu Pasricha Scientis El

Dr Kamlesh Kumar Maurya Scientist C
Dr (Ms) Prabha Johri Scientist C

Dr NirmayaKarar Scientist C

Dr Nahar Singh Scientist B
Sh.Parveen Saini ScientistB
ShN Vijayan Scientist B

Dr (Ms) Sushree SwarupaTripathy Scientit B

Dr (Ms) Daya Soni Scientist B
ShNiranjan Singh Tech Ofcr (EI)
Dr (Ms) ManjuArora Tech Ofcr (EI)
Dr Dharam Pdl Singh Tech Ofcr (EI)
Sh Kedar Nath Sood Tech Ofcr (C)
ShRgjiv Kumar Saxena Tech Ofcr (C)
MsAbhaBhatnagar Tech Ofcr (B)
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Radio & Atmospheric Sciences
Head: Dr M K Tiwari

Name Designation
DrM K Tiwari Scientist F
Dr PK Banerjee Scientist F
Dr Swapan Kumar Sarkar Scientist F
Dr Pradeep Kumar Pasricha Scientist F
Dr PN Vijayakumar Scientist F
Dr Rg Singh Dabas Scientist F
Dr MahendraKumar Goel Scientist F
Dr Bhuwan ChandraArya Scientist F
DrM SV N Prasad Scientist F
Sh Pattamatta Subrahmanyam Scientist F
MsMadhu Bahl Scientist F
Sh NarendraKumar Sethi Scientist F
ShHK Maini Scientist F
Sh Thomas John Scientist F
Sh Deo Raj Nakra Scientist F
MsParvati Chopra Scientig Ell
Dr (Ms) MeenaJain Scientig Ell
Dr ChhemendraSharma Scientist Ell
Sh Randhir Singh Tanwar Scientig El
MsAnuradha Sengar Scientist El
Dr Tuhin Manda Scientist El
Dr Sachidanand Singh Scientig El
DrY Nazeer Ahammed Scientist C
Dr Arun Kumar Upadhyay Scientigt C
Dr Kirti Soni Scientist B
Dr Sudhir Kumar Sharma Scientist B
ShK GM Pillai Tech Ofcr (EI)
Shlgba Ahmed Tech Ofcr (El)
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Name Designation

MsShiv Kumari Bhatia Tech Ofcr (C)
ShArun Kumar Ghoghar Tech Ofcr (C)
Sh Shambhu Nath Tech Ofcr (C)
MsBeenaGupta Tech Ofcr (C)
ShVinod Kumar Sharma Tech Ofcr (C)
Sh Man Mohan Gupta Tech Ofcr (C)
MsK Ratnamaa Tech Ofcr (B)
ShAlok Mukherjee Tech Ofcr (A)
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Super conductivity & Cryogenics
Head: Dr Hari Kishan

Name Designation
Dr Hari Kishan Scientist F
DrRatanlLd Scientist Ell
Dr SK Agarwal Scientig Ell
Dr (Ms) PL Upadhyay Scientis Ell
Dr Anurag Gupta Scientist El
ShM AAnsari Scientist El
ShManMohan Krishna Scientist C
Dr Veerpd Singh Awana Scientist C
ShRgendraSingh Meena Scientist C
Sh SB Samanta Tech Ofcr (EIN)
ShMohan ChandraSingh Tech Ofcr (C)
ShJai Pl Singh Tech Ofcr (B)
Director’s Office
Head: Dr Vikram Kumar
Name Designation
Dr Vikram Kumar Director
Sh Rgjan Babu Saxena Scientist F
MsShikhaMandal Scientist F
Dr (Ms) SNiranjanaN Goswami Scientis Ell
ShVirendraKumar Jaiswal Scientist C
ShVishwaDeepak Arora Tech Ofcr (EI)
Library
Head: Sh Deepak Kumar Tewari
Name Designation
Sh Deepak Kumar Tewari Scientist F
Sh N K Wadhwa Scientist El
Sh Hasan Haider Tech Ofcr (EI)
Sh Jagdish Prasad Tech Ofcr (C)
ShRajpa Zamaji Walke Tech Ofcr (B)
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Scientific Support Services
Head: Dr V T Chitnis

Name Designation
DrV T Chitnis Scientis G
DrRK Aggarwa Scientist F
Sh SUmaMaheshwar Rao Scientist F
Sh Narinder Kumar Babbar Scientist F
ShPL Pasricha Scientist El
Sh Ganga Prasad Scientis Ell
Dr (Ms) Jyoti LataPandey Scientig Ell
Sh Sushil Kumar Sharma Scientist El
MsIndraTiwari Scientis Ell
Dr D PBhatt Scientist El
Ms Shashi LekhaBhatnagar Tech Ofcr (El)
Sh SK Rastogi Tech Ofcr (C)
ShAshwani Kumar Suri Tech Ofcr (C)
Sh Jagan Nath Prasad Tech Ofcr (C)
ShLditJan Tech Ofcr (C)
ShAmar Singh Tech Ofcr (A)
Technical Support Services
Head: Dr Jagdish Chandra Sharma
Name Designation
Dr Jagdish ChandraSharma Scientist F
ShDharam Jit Singh Supt. Engnr.(Civil)
ShJB Soni Tech Ofcr (EI)
Sh Degpak Bansal Tech Ofcr (C)
Sh Prabhu Shankar Tripathi Tech Ofcr (C)
ShRambir Singh Tech Ofcr (A)
Workshop & GTU
Head: Sh Surendra Singh Verma
Name Designation
Sh SurendraSingh Verma Scientist F
ShP Srinivasan ScientistC
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Head: Dr Ravi Mehrotra
Central Computer Facility

Name Designation
Dr Ravi Mehrotra Scientist F
MsDeepti Chaddha Scientisg C
ShAshishRanjan ScientistC
ShNitin Sharma ScientistC
ShTrilok Bhardwg ScientistB
Sh Ashok Kumar Tech Ofcr (C)
ShVijay Sharma Tech Ofcr (C)
ShKanwadljit Singh Tech Ofcr (B)
Head: Sh R P Sharma

Administration & House Keeping
Name Designation
ShRP Sharma COA
Sh SK Mehta F&AO
Sh Sudipto Chaterjee F&AO
ShPrem Singh SPO
ShMukesh Khanna SPO
Dr (Ms) ShakuntalaSharma S Hindi Officer
MsVeenaJdan Admn. Ofcr
ShVijay Kumar Sr Security Ofcr
Sh SurendraKumar SO (str & pur)
ShBhag Singh SO (str & pur)
ShSK Thakur SO (F&A)
Sh UpendraKumar SO (F&A)
Sh Umesh Gupta SO(G)
ShBadrg Singh SO(G)
ShRgiv Sharma SO(G)
ShM C Meena SO(G)
ShVikram Singh SO(G)
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ShMangeRam
MsParamjit Kaur
Shinder Jeet Tanga
MsGulshan Arora
MsSantosh Sharma
ShAmar Singh

Sh Ram Gopal Meena
Shindrgjeet

Retired Persons

Sh Satish Kumar Nijhawan, Tech Ofcr (EI)
Dr Harish Chander, Scientist F

Dr (Ms) VasanthaRaman, Scientist F

Sh Lakhpat Singh, Sr Security Ofcr

Sh Ved Prakash, Gr 11(4)

Sh Subhash ChandraGera, Scientist F

Sh Gyan Chand, SO (F&A)

Sh JThankappan, Gr 11(4)

Dr Vijay Kumar Pandey, Scientist F

Sh Nathu Ram Bamiki, Daftry (ACP)
ShRai Singh, Grl1(4)

Sh PUmaMaheshwar Reddy, Gr 11(4)

Dr MahendraMohan (Srivastava), Scientist F
ShVishram Sing Yadav, Tech Ofcr (C)

Dr Vel lur Mohanan, Scientist G

Dr Raghunandan Prasad Singhal, Scientist G
Dr Prakash Narain Dixit, Scientist F

Dr SK Gupta, Scientist F

Sh Gabar Singh, Workshop Asstt VI

Dr Radhe ShyamArora, Scientist F

PS
PS
PS
PS
PS
PS
PS
PS

DrMohanLal, Scientist F

Sh Jagdish Prasad, Gr 11(4)
ShPSGaira, Asstt. (G) Grade-1

Dr SD Sharma, Scientist F

ShVinod Kumar Oberoi, Grll(4)
ShPritam Singh, Gr 11(4)
MrsSwatantraBahl, Asst (G) Gradel|
ShAshwani Kumar, Gr 11(4)

ShVijay Kumar Rustagi, Scientist F
ShRamPhal (I1), Sec Grd

Sh Sher Singh Bhandari, Sr Mech Asstt
ShKartar Singh, Workshop Asstt Vi
Sh M K Banerjee, Tech Ofcr (EI)

Dr Arun Kumar Agrawa, Scientist F
ShMahavir Singh, Jr Sec Grd (ACP)
Sh Mohinder Kr. Chhibber, Tech Ofcr (EI)
ShM PNagrath, Gr 11(4)

ShBanwari Lal, Security Asstt Gr |

Dr Shiv Nath Singh, Scientist G

ShV P Sharma, Gr 11(4)

Sh Tushar Kanti Chakravarty, Scientist Ell
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ShDaulat Ram, Sec Grd

Sh Dhan Singh Chaunal, Tech Ofcr (C)
ShNaib Singh, Scientist Ell
ShRamKishan I, Workshop Asstt Vi1
ShJai Bhagwan, Gr 11(4)

Obituaries

Sh Gauri Shankar Giri, Gr [1(4)

Sh Ramesh Kohli, Tech Ofcr (B)

MsJagnit Kaur Sahani, Asstt (G) Grade 1
ShBhim Singh Yadav, Gr 11(4)

Sh DharmendraKr., Asstt (Str & Pur) Grad 1
MsManjulikaMathur, Asstt (Str & Pur) Grad 1

Scientists Fellow & Emeritus
Scientists

Dr Ashok Kumar Gupta, Emeritus Sci
Dr B S Mathur, Emeritus Sci

Dr O P Bahl, Emeritus Sci

Dr PK Ghosh, Emeritus Sci

Dr U N Sinha, Emeritus Sci

Dr Subhash Chandra, Emeritus Sci
ShSC Garg, Emeritus Sci

Dr R Bhattachryya, Emeritus ci

Dr SL Jain, Emeritus Sci

Dr LakhaSingh, Emeritus Sci

Dr Vinod Kumar Jain, Emeritus Sci
DrV Mohanan, Emeritus ci

Dr SK Joshi, Platinum Jub. Emr. Sci
DrAR Varma, INSA Hony Sci

Dr K K Mahgjan, INSA Sr Sci
DrKrishanLal, INSA S Sci

Sh Dharam Pa Singh, Rgjiv Gandhi Fellow

Dr Marshal, Scientist Fellow
Sh Joseph Sunday Ojo, CSIR TWASFdllow
Dr Vikram Soni, Research Sci C

Research Associates/Fellows/
Interns

ShVinod Kumar Chahar, JRF (CSIR, NPL)
ShAnnveer, JRF (CSIR,NPL)

Sh Feroz Khan, JRF (CSIR-UGC)
MsZimpleMatharu, JRF (CSIR-UGC)
Sh Ravi Kant Prashad , JRF (CSIR-UGC)
MsArpitaVajpayee, (JRF (CSIR-UGC)
Sh Praveen Kumar, JRF (CSIR-UGC)
Sh Dinesh Kumar, JRF (CSIR-UGC)
Ms ChetnaDhand, JRF (CSIR-UGC)

Ms SwetaBhandari, JRF (CSIR-UGC)
Sh Bikash Ghosal, JRF (GATE)

Sh Deegpak Kumar Jangir, JRF (ICMR)
Sh Jitesh K, JRF (UGC-NPL)

ShAjay Kumar, JRF (UGC-NPL)
ShVibhav Pandey, JRF (CSIR)
ShManoj Kesarig, JRF (CSIR)

Sh Hemant Kumar, JRF (CSIR)
MsMonika, JRF (CSIR)

ShNandan Singh, JRF (CSIR)
ShKrishnaShankala, JRF(CSIR)
ShArunandan Kumar, JRF (CSIR)
MsManishaBgjpal, JRF (CSIR)

Mohd Taukheer Khan, JRF (CSIR)

Ms Prachi Joshi, JRF (CSIR)

Sh Sudeep Singh, JRF (CSIR)

Sh Bhaskar Kanseri, JRF (NET)-CSIR
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Sh Manoj Kumar, JRF (NET)-CSIR
Dr ShilgjaPande, Pl.
Dr Sushri Pratima, Sr. Res. Assoc.

Dr Manoj Kumar Srivastava, Sr ResAssoc.

Dr Ashutosh Tiwari, Young Scientist

Dr(Ms) Nupur Bahadur, Young Scientist-Pl.

MsPJemima, RA

Sh Ravinder Singh Parmar, RA
ShPremvir Singh, RA

Sh Sunil DuttaSharma, RA
MsAmitaVerma, RA
MsVibhaSrivastava, RA

Dr Ashok Kumar, RA

MsPuja Goel, RA

Ms Suman Sharma, RA

DrArvind Awadhia, RA

Dr AneesAhmad, RA

Dr (Ms) PunitaSingh, RA
MsSonal, Res. Intern

MsJyoti Shah, Res. Intern
Mohd. ImranAnsari, Res. Intern
MsManisha, Res. Intern
MsAnu Rana, Res. Intern
ShVirendraK. Rai, Res. Intern
ShAnand Dev Tewari, Res. Intern
MsAnubhaSharma, Res. Intern
ShRagjiv Narang, Res. Intern
ShVikashAgarwal, Res. Intern
ShAnuj Kumar, Res. Intern
ShAmrendraAnand, Res. Intern
MsDeeps Joshi, Res. Intern

MsSomyaAggarwal, Res. Intern
Sh Dinesh Kumar, Res. Intern
MsNehaBatra, Res. Intern
ShAjay Kumar Singh, Res. Intern
ShNeerg) Dwivedi, Res. Intern

Sh Degpak Chhikra, Res. Intern
ShMahesh Chand, Res. Intern
ShDadlip Sharma, Res. Intern

Sh Suresh Kumar Patel, Res. Intern
MsGunjan Mittal, Res. Intern
MsVasudhaAgarwal, Res. Intern
MsAnjali Sharma, Res. Intern
MsTanvi Vats, Res. Intern
MsPriyanka, SRF

Sh Sanjay Kumar, SRF

Sh Neerg) Panwar, SRF

Sh Bhaskar Gahtori, SRF

Ms Taranuum Bano, SRF (CSIR)
MsVandana Gupta, SRF (CSIR)
Sh Pavan SKulkarni, SRF (CSIR)
MsKavitaArora, SRF (CSIR)

Sh BhupendraSingh, SRF (CSIR)
MsDiva, SRF (CSIR)

ShVivek Kumar Varma, SRF (CSIR-UGC)
MsHemaBhandari, SRF (CSIR-UGC)
Sh Umesh kumar, SRF (CSIR-UGC)
Sh Vikram Sen, SRF (NET)
ShAnil Ohlan, SRF (NET)-CSIR
Sh Ayushman Prashar, SRF (NRE)
Sh Sunil Kumar Arya, SRF (CSIR)
Sh Shivragj) Sahay, SRF (CSIR)
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Sh Ravi Ranjan Pandey, SRF (CSIR)
MsShaini Singh, SRF (CSIR)
MsKavitaSharma, SRF (CSIR)
ShArindam Datta, SRF (CSIR)
ShAjeet Kumar Kaushik, SRF (CSIR)
Sh. Johny C.J., SRF (CSIR)

MsSwati Raman, SRF (CSIR)

ShALtif Khan, SRF (CSIR)

Sh Rgjesh Kumar, SRF(CSIR)

Sh AmitavaBandhyopadhyay, SRF (CSIR)
MsParul Singh, SRF (NPL)

Ms Shruti, SRF (NPL)

Sh Trailokya Saud, SRF (NPL)

Sh Premshankar K. Dubey, SRF (NPL)
Sh Rupesh M Das, SRF (NPL)

MsMonu Dahuja, SRF (NPL)

MsNirmal Prabhakar, SRF-NET (UGC)
Sh Rahul Tripathi, SRF-UGC
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RESEARCH AND MANAGEMENT COUNCILS

Research Council
(01.04.2007 - 31.03.2008)

01.

02.

03.

04.

05.

Prof Ajay Kumar Sood

Chairman,

Divison of Physica and Mathematical Sciences,
Department of Physics,

Indian Institute of Science,

BANGALORE - 560 012

Prof SS Jha

Distinguished G Professor
Department of Physics

Indian Ingtitute of Technology
Powai

MUMBALI - 400 076

DrV C Sahni

Director
RajaRamannaCentrefor Advanced Technology
Department of Atomic Energy
Govt. of India

INDORE —452 013

And

Director

PhysicsGroup

BhabhaAtomic Research Centre (BARC)
MUMBAI —400 085

Prof GK Mehta
Distinguished Honorary Professor 1 T-K
Inter University Accelerator Centre,
ArunaAsaf Ali Marg,

NEW DELHI - 110067

Prof BM Arora

Professor

Tatalngtitute of Fundamental Research (TIFR)
Homi BhabhaRoad, Colaba

MUMBAI - 400 005

Charman,

Member
(Externd)

Member

Member

Member
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06.

07.

08.

09.

10.

11.

12.

13.

Dr U C Mohanty Member
Professor

Centrefor Atmospheric Sciences

Indian Ingtitute of Technology

Hauz Khas

NEW DELHI —110016

DrM J Zarabi Member
C-28,

Pamposh Enclave

NEW DELHI - 110 048

Dr B Hari Gopal Member
Director (Agency Representative)
National Accrediation Board for Testing

Cadlibration Laboratories

3“Foor, NISCAIR Building

14, Satsang Vihar Marg

New Mehrauli Road

NEW DELHI —110 067

Dr SK Bhadra Member
Scientist (DG'sNominee)
Centra Glassand Ceramic Research Ingtitute (CGCRI)

196, RggaSC Mullick Road

KOLKATA —700 032

Dr Chandrashekhar Member
Director (Sister Laboratory)
Centra ElectronicsEngineering Research Ingtitute (CEERI)

PILANI —333031

Dr Naresh Kumar Member
Head, (RDPD) (Permanent Invitee)
Council of Scientific& Industriad Research,

Anusandhan Bhawan,

2Rafi Marg,

NEW DELHI - 110 001

Dr Vikram Kumar Member
Director

National Physical Laboratory

Dr K S Krishnan Marg

NEW DELHI - 110012

ShRB Saxena Non-Member
Scientist‘F & Head, Planning Monitoring Secretary

& Evauation Group

National Physical Laboratory

DrK S Krishnan Marg
NEW DELHI - 110012
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01.
02.
03.
04.
05.
06.
07.
08.
09.
10.

Management Council
(01.07.2005 —30.06.2007)
Dr Vikram Kumar, Director
Dr Anil Kumar Gupta, Scientist Gr IV (6)
Dr Hari Kishan, Scientist Gr 1V(5)
DrM SV N Prasad, Scientist Gr IV(5)
DrRP Aloysius, Scientist Gr 1V (2)
Dr(Ms) Rina Sharma, Scientist Gr 1V (3)
ShK N Sood, Tech Ofcr Gr 111(5)
Head PME
Sr CFA/CFA/F&AO
Sr COA/COA/AO

Chairman

Member

Member

Member

Member

Member

Member

Member

Member

Member Secretary
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01.
02.
03.
04.
05.
06.
07.
08.
09.
10.

Management Council
(01.07.2007 — 30.06.2009)
Dr Vikram Kumar, Director
Dr A Sengupta, Scientist Gr 1V (6)
Dr Hari Kishan, Scientist GrIV(5)
Dr(Ms) Rgjana Mehrotra, Scientist Gr 1V (4)
Dr(Ms) Rina Sharma, Scientist Gr 1V (3)
Dr D Harnath, Scientist Gr 1V(1)
Dr(Ms) Manju Arora, Tech Ofcr Gr 111(4)
Head, PME
St F&AO(SG)/Sr F&AO/F&AO
Sr COA/COA/AO

Chairman

Member

Member

Member

Member

Member

Member

Member

Member

Member Secretary
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