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Quality Policy
To realize, establish, maintain and upgrade the national standards
of measurement compatible fo international standards and fo
develop/produce Bharatiya Nirdeshak Dravya (BND'), through
confinuous research and development,

To provide apex level calibration/testing services and dissemination
of standards for maintaining the traceability of measurements to the
customers fulfiling the requirements of ISASO/EC 17025 : 2017,
impartially and effectively,

To develop/produce BNDs for disseminating traceability to the users
and to provide technical support to the Reference Material Producers
(RMPs) In the development/production of BNDs, conforming fo the
requirements of [5/1S0 170342018,

Objectives

Topravide callbration/testing services and BND within the specified ime,
impartially, competently and to the satisfaction of the customers/users.

To familiarize all personnel concerned with calibration, testing and BND
development/production with the quality system documentation and
implementation of policies and procedures,
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Prof. Venu Gopal Achanta
Director




CSIR-NPL: Vision and Mandate

Vision and Mission

“Accurate and precise measurement are essential to
drive the growth engines of Indian Science & Industry
Shri Narendra Modi as it removes chaos and prompts innovations, which
Hon’ble Prime Minister i . .
President, CSIR in turn, would save precious lives, resources and
time....

a) Developing India’s measurement standards that
are internationally accepted and disseminating
the measurement capabilities to industry,

: government, strategic and academia that
underpin the India’s prosperity and quality of life.

Dr. Harsh Vardhan . I TR, I . P
Hon'ble Minister of State (1/C), b) Conducting multidisciplinary R&D with a mission
Ministry of S & T & Ministry of Earth to establish the futuristic quantum standards and
Sciences, MoS in the Prime Minister's . ) B )
office, Ministry of Personnel, Public upcoming technologies so that India remains on
Gri & Pensions, D f . . .
Atomic Eneray, Depariment of Space par  with  international =~ measurement
Vice President CSIR Iaboratorlesl

c) Developing sophisticated analytical equipments
(i.e. import substitutes) under “Make in India”
programme to cater the ever increasing demands
of emerging India.

d) Training of young scientists and industry
personnel in the area of measurements under
“Skill India” programme.

Dr. N Kalaiselvi
Director General,
CSIR and Secretary DSIR

Mandate

CSIR-National Physical Laboratory (NPL-India) is
mandated to be India’s “National Metrology Institute”
(NMI) by the act of Parliament and is the custodian of
“National Standards” with a responsibility of the
dissemination of measurements to the needs of the
Country.

Prof. Venugopal Achanta
Director, CSIR-NPL




Organizational Structure

CSIR-NPL: Assuring Quality of Life
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It gives me immense pleasure to present
the annual report of the CSIR-National
Physical Laboratory (CSIR-NPL) for 2023-
2024, a year marked by scientific ambition,
purposeful innovation, and unwavering
dedication to strengthening India’s
measurement ecosystem. Recognized by an

Act of Parliament as the National

Measurement Institute (NMI) of India,
CSIR-NPL stands as the custodian of the national measurement standards. Our duty
extends far beyond maintaining a set of international benchmarks. CSIR-NPL ensures that
precision, reliability, and scientific integrity flow into every aspect of the nation’s quality of
life- from industrial production and global commerce to healthcare, environmental
monitoring, and the daily experiences of citizens. As a premier hub of research in the
Physical sciences, CSIR-NPL not only advances the frontiers of scientific research but also
metrological traceability for national standards, advances R&D in emerging areas and
contributes significantly to national missions. As a social responsibility, it continues to
foster scientific temperament through outreach activities, empowers youth through skill
development, and translation of scientific technologies for societal benefits. These
collective efforts not only strengthen the quality infrastructure of the nation but also fuel
India’s economic ambitions, supporting the stride toward a USD 5-trillion economy. Our
partnerships—with the Quality Council of India, the Bureau of Indian Standards, the Legal
Metrology Department, and several other national bodies—remain central to our mission.
Together, we work to embed reliability, traceability, and trust into every measurement that

shapes India’s development.

The major highlights of public outreach activities in the year 2023-24 were the One Week
One Lab (OWOL) Programme along with multiple hands-on training programs covering the
relevance of Dimensional Metrology, Pressure, Vacuum, Ultrasonic Metrology and Non-

Destructive Testing, Air Quality Measurement, Advanced Materials Characterization,
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Biomedical Metrology, Laser Interferometry etc. Under the aegis of OWOL, different
programmes included were Startup/MSME/Industry Meet, Metrology Conclave, R&D
Conclave & Women in STEM, Skill Conclave. The event was inaugurated by Hon’ble Minister
of State (I/c), S&T, Dr. Jitendra Singh and aimed to create awareness about CSIR-NPL's work
and its role in supporting various sectors. The OWOL programme ended with the Skill
Conclave having a keynote address by Dr. R. Chidambaram, (Padma Vibhushan), former
Principal Scientific Advisor, Govt. of India. He emphasized the need to generate new
knowledge, and the importance of skills to add on to the knowledge. The other dignitaries
that graced the occasion included the guest of honour, Dr. Nagahanumaiah (Director, CMTI,
Bengaluru), and chief guest of the event, Prof. T. G. Sitharam (Chairman AICTE). The guests
delivered visionary speeches highlighting the need to keep pace with new upcoming
technologies to make India a ‘Vishwa-Guru’. CSIR-NPL welcomed students, researchers,
industry collaborators, and international participants to the labs, events, and workshops.
Events such as the Rashtriya Boudhik Sampada Mahotsav/National IP Festival, International
Workshop on Advanced Materials Challenges and Standardization needs for Net Zero
Technologies (AMCSNZT-2023), VAMAS Steering Committee Meeting (October 9-12, 2023),
AcSIR India - RMIT University One-day Workshop, Stakeholder’s meet, IISF 2023 outreach
programme, and visits of foreign delegations added new depth to our national and global
engagement. CSIR-NPL's participation in Bharat Parv, Technical Peer-Reviews, Quality
Management System Training Programs on ISO/IEC 17025 & ISO/IEC 17011, and various
science festivals helped foster the spirit of metrology among the common citizen. World
Environment Day, with the theme 'Solutions to Plastic Pollution’, was celebrated, and a
Stakeholders Meet on 'Traceable PMU Usage to Enhance Power Grid Reliability' was held to
discuss the adoption of traceable Phasor Measurement Units (PMUs) for enhancing power
grid reliability. CSIR-NPL maintains copies of the Original Constitution of India kept in the
Parliament Library in a controlled micro-environment for its long-term preservation. Dr.
(Mrs.) N. Kalaiselvi, Secretary DSIR and DG CSIR, made a maiden visit to oversee the
preservation activity, along with Prof. Venu Gopal Achanta, Director CSIR-NPL. The inaugural
function of the Azadi Ka Amrit Mahotsav -IP Campaign was graced by Hon’ble Minister of
State (I/c), S&T, Dr. Jitendra Singh at CSIR-NPL on June 30, 2023. A two-days Conclave for
Metro officials on ‘Noise and Vibration Conclave for Metro Rail Transit Systems’ at CSIR-NPL

was held on August 24 - 25, 2023. The year witnessed the signing of several crucial
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agreements and MoUs, each aimed at empowering national capability in security, quality
assurance, and scientific instrumentation. An Agreement for collaborative project for “Design
and Development of Smart Noise Tracker for Noise Monitoring and e-Sound Limiter for Noise
Control was signed between CSIR-NPL and M/s Distronix, 62/44, Satin Sen Sarani, Kolkata,
West Bengal. An MoU was signed between CSIR-NPL (NMI of India) and National Institute of
Ocean Technology (NIOT, Chennai, Designated Institute of India for Underwater Acoustic) in
January 2024 for five years, for providing guidance on quality system based on IS/ISO/IEC
17025 : 2017 and conducting peer review so that NIOT can publish CMCs on Underwater
Acoustic in the BIPM KCDB. An Agreement with M /s Envirotech Instruments Private Limited,
A-271 Okhla Industrial Area, Phase-1, New Delhi, licensing of know-how “Six-stage
bioaerosol air sampler and sampling probe for BFE testing of mask was signed on April 18,
2023, at CSIR-NPL. Another Agreement on Development and Fabrication of Bipolar Graphite
Plates using Needle Coke was signed between CSIR-NPL and Research and Development
Centre, Indian Oil Corporation Limited, Faridabad. During the year 2023-24, CSIR-NPL signed
7 MoUs with other academic institutes/Universities. These collaborations represent our
shared commitment to indigenous technologies, closely aligned with the national missions of
Make in India and Atmanirbhar Bharat. A broad spectrum of in-house and externally
funded projects pushed forward innovation across various sectors, including healthcare,
clean energy, advanced electronics, environmental safety, and national security. New testing

and calibration facilities were established to address critical national needs.

Among the many achievements of the year, several are particularly noteworthy, such as
Participation in International Key Comparison CCL- K11 (For lodine Stabilized He-Ne laser
frequency), Successful Installation of New Mechanical gauge block comparator and optical
frequency comb, Establishment of IR Calibration facility upto -40°C, Establishing
measurement equivalence with another NMI by performing Hybrid comparison with
METAS Switzerland (APMP.PR-H1.2023), Installation of two new high-resolution DMP 41
digital indicators with 1 MN and 3 MN force machines for calibrating force proving rings
and digital load cells, with calibration range capacities ranging from 100 kN to 3000 kN,
Establishment of new facility for hardness calibration, Initiation of bilateral interlaboratory
comparison between National Physical Laboratory, (NPLI India), and the National Institute

of Standards and Technology (NIST USA), in the pressure measurement range from 0.4
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MPa to 4.0 MPa, in the pneumatic pressure region, Maintenance of the primary standard of
sound pressure through absolute calibration of standard condenser microphones in
coupler cavity by the reciprocity technique in the frequency range 1 Hz to 25 kHz with an
expanded uncertainty of + 0.17 dB, Maintenance of the primary standard of vibration
amplitude through absolute calibration of standard accelerometer by Laser interferometer
technique in the frequency range 0.1 Hz to 20 kHz with accuracy better than * 1.2 %.
Technical services projects were undertaken for various private manufacturers in the
country to provide testing and calibration services for Acoustical materials in
Reverberation chambers and sound impedance tube facility, International Key Comparison
AFRIMETS.AUV.V-K5 pilot by NMI South Africa as Pilot laboratory with three other
participating laboratories in March-April, 2023, Installation and commissioning of top
loading calibration setup, Installation and commissioning of Rotary Positive Displacement
(RPD) Meter calibration set-up for low frequency output, Inspection of Municipal
Corporation of Greater Mumbai Water Meter Test Benches supplied by M/s. Nagman Flow-
level Systems and Solutions LLP, Chennai and its suitability for use in testing of water
meters, Participation in APMP Key Comparison (APMP.M.FF-K1.1.2022) on water flow,
Range Extension of Gas Flow Calibration System from 1000 L/min to 2000 L/min,
enhancing CSIR-NPL's capability to calibrate a diverse range of gas flowmeter,
development of ultrathin films of WTe, (a type of Weyl semimetal) on flexible plastic (PET)
substrates by FIB lab, Establishment of type testing, calibration & certification facility for
OCEMS & CAAQMS Preliminary suitability test of AUM Air monitoring device (Pre-
certification test), Development of Novel Lanthanide Coordinated Luminescent Hydrogels
for Anticounterfeiting and Fingerprint Detection Applications, Demonstration of
electronically triggered tunable terahertz signal in LPCVD grown single layer graphene. In
the year 2023-2024, six new BNDs i.e. BND-5008, BND-5009, BND-5061, BND-5062, BND-
5063, BND-5064 were released for cement and building materials along with the new
batches of ongoing BNDs. Release of BNDs for Selenium standard solution (BND® 1034),
Bromate Standard Solution (BND® 1035) and Conductivity Standard Solution (BND®
1041) on World Metrology Day - 2023, and CSIR-NPL Foundation Day-2024. Among other
notable achievements were procurement of atomic clocks and related infrastructure,
installation of Active Hydrogen Masers at DRC Bangalore, and advanced procurement of IT

and power systems for the nation-wide IST dissemination project funded by MoCA,
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Finalization of Jio’s dark fiber link between CSIR- NPL and RRSL Faridabad, Development of
CSIR-NPL disciplined oscillator, Revival of indigenously developed Primary Frequency
Standard (NPLI-CsF1), Re-establishment of National Standards for Microwave Power at 50
GHz with improved uncertainty from *1.9% to #1.3%. On the upgradation of national
standards, the 7.0 mm Coaxial Microcalorimeter System, serving as the primary standard
for microwave power at 18 GHz, has been re-established with enhanced accuracy, reducing
the measurement uncertainty from £0.7% to £0.4%. These advancements mark a pivotal
step in improving the precision of microwave power measurements. The primary standard
for Low Frequency (LF) Voltage and LF Current, based on Multi-Junction Thermal
Converters (M]JTC), has been evaluated for its AC/DC transfer difference at 2 V and 5 mA.
Participation in intercomparisons has reinforced measurement capabilities and global
collaboration APMP.EM.RF-K8.CL for Microwave Power and APMP.EM-S8 for LF Voltage
and Current. The Electromagnetic Metrology section has a significant role in maintaining
and upgrading National Standards related to electrical and magnetic parameters through
continuous development, and providing calibration/test services (as per ISO/IEC
guidelines) to more than 120 customers. Each of these achievements reflects months—
sometimes years—of perseverance, collaboration, and scientific curiosity. Science thrives
through collaboration. This year, we established and expanded partnerships with several
technology innovators. These alliances ensure that the solutions we develop not only

advance science but also touch the lives of ordinary citizens.

CSIR-NPL researchers also received notable recognitions during the year 2023-2024. Dr.
Govind Gupta received the MRSI-Distinguished Lectureship Award from the Materials
Research Society of India (MRSI) for the year 2023-24. Dr. Bhanu Pratap Singh received BD
Bangur Award 2023 from the Indian Carbon Society in the field of carbon science and
technology for encouraging and promoting research work in the field of carbon. Dr. Shibu
Saha received the prestigious ‘APMP Young Metrologist Prize for Developing Economies -
2023’ in recognition of his efforts in Asia Pacific Metrology Program (APMP) activities
among young metrologists in developing economies. Dr. Kriti Tyagi received the Young
Scientist Award 2023 by the International Society for Energy, Environment and
Sustainability (ISEES), constituted by IIT Kanpur. Dr. Anshul Varshney received the IEEE
Power and Energy Society Outstanding Engineer Award for 2023.




I would also like to extend my heartfelt gratitude to DG-CSIR, CSIR Headquarters, the
Research Council, the Management Council, our industry partners, and all funding agencies
for their constant support and guidance. Most importantly, [ acknowledge the unwavering
commitment of the CSIR-NPL family—our scientists, staff, students, and collaborators—
whose passion fuels the institute's success. As we move forward, I firmly believe that our
collective pursuit of precision and excellence will continue to elevate India's standing on
the global scientific stage. Together, we will continue to advance the nation's metrology
landscape, along with R&D in cutting-edge areas, and strive to contribute to the nation's

growth, fueled by innovation, trust, and scientific progress.

(Prof. Venu Gopal Achanta)
Director, CSIR-NPL




CSIR-NPL: Enabling Quality Infrastructure

Users availing the calibration and testing services from CSIR NPL.

Government/PSU

DRDO, ISRO, Election Commission of India, CPCB, Indian Railways, Indian
Airforce, Air India, BSF, BIS, Legal Metrology, DAE, CPRI, HAL, BHEL, BEL,
GAIL, ONGC, IOCL, HPCL, Indian oil, State Electricity Boards, NTPC, Delhi Jal
board, MSME Testing Centres, Ordinance Factory, Steel Authority of India
and Scientific Institutes/Labs, Universities etc.

Private Sector/Industries

Tata Steel; Mysore Paints & Varnish; CK Birla Group; GE power systems;
ABB India; ACC; AIMIL Ltd.; Alstom India; Ambuja Cement; Adani
Electricity; Binani Cement; Blue Star; Bureau Veritas; Casio India;
Crompton Greaves Limited; Diesel Locomotive Works; Essar Oil Ltd.; Godrej
& Boyce Mfg. Co. Ltd; Havells India; Honda Cars; ].K. White Cement; JK
Lakshmi Cement; Kirloskar Brothers; Larsen & Toubro; Maruti Suzuki;
Philips India; Rapid Metro Rail Gurgaon; Samsung India; Honda Siel; Surya
Roshni, Wipro consumer care & lighting; Orient Electric; ITC, Halonix
Technologies, Astra lighting; Bharat Forge; Tektronix India; Fluke
Technologies etc.

SAARC Nations

Nepal Bureau of Standards & Metrology (MBSM), Bangladesh Standards
and Testing Institution (BSTI), Measurement Units, Standards and Services
Department, Sri Lanka; National Physical and Standards Laboratory
(NPSL), Pakistan; Bhutan Standards Bureau (BSB), Bhutan; Afghanistan
National Standards Authority (ANSA), Maldives Standards and Metrology
Unit
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Working Towards Upgradation of Two Pan Balance in to 100 g Kibble Balance
under OLP-214832

Design of 100 g Kibble balance at C5IR-NPL.

A two-pan balance from Oertling has been modifi

modifications include,

1. Coil Former: Constrected from Hylum rod, each coil former
features primary windings and secondary windings. Primary
windings comprises 660 turns with a resistance of 46.61..

1. Magnetic Assembly: Incorporates eight NdFeB ring magnets
arranged in alternating peolarity to create a uniform
magnetic field between the gap.

3. Programmable Current Source: Utilizes the Keithley 6220,
a precision current source used to provide current in
primary windings during static mode.

4, Function Generator: Keysight 335008 is used to provide AC
voltage fto secondary windings in  Dynamic mode
measurement.

3. Laser Sensing System: Employs industrial-grade Panasonic
laser sensors positioned beneath each coil former, paired
with reflective disks, to enable precise position detection in
both mode of measurement.

6. Automation and Data Acguisition: Features an Ml PCle-

— - . Pr—— 6321 DAQ card connected to a BNC-Z110 terminal box,

. et facilitating seamless data acquisition and system

automation.

100 g Kibble Balance setup 4

Digital Alcoholmeters from U.P. Excise Department to be Supplied to Different
Customers are Tested Continuously and Test Reports are Given

Robotic Mass Comparator has been Established at CSIR-NPL and the Operation has
Commenced

Specifications
- Make: Mettler Toledo

- Name: e5 Robotic Mass

L , Comparator,

i a3 B Maximum Capacity: 6.1 g,

" = Readability: 0.1 pg

| R Weight Handler: 3-axis robot

o TN Magazine position: 60
Automated Draft shield

- nAnAnnn

Using Up- graded primary Solid density standard from Manual to Semi-Automatic
setup, reference hydrometers were calibrated which are being used to provide
traceability.




Specifications of Automated System

- Bi directional honey comb bread board table with
accuracy of 01 cm

- Imaging system with control unit & Camera with
20x mag. with display unit

- Cover with acrylic sheet on both sides

- Vibration free Granite surface plate for balance.

- Temperature controller unit with 0.01°C
resolution

- Temperature bath with range: (10 - 80) °C

Participating in “APMP DEC CMC Task Force - Form of Evaluating the Status of the
Laboratory” Meeting as Mentor of Mass for NBSM, Nepal and Co-mentor of Mass for
Bangladesh Reference Institute for Chemical Measurements BRiCM. APMP DEC -
CMC Task Force: Online Training on Mass Metrology, Calibration of Mass Standard,
and Understanding of Calibration Certificate; Duration: (25 to 27) July, 2023; Three
Invited Lectures; Trainees: Participants from APMP Region

International Key Comparison CCL- K11 (For lodine Stabilized He-Ne laser
Frequency)

International key comparison of Length Primary Standard is essential to prove our
international equivalence, maintain our CMCs, and disseminate traceability down the
line to ensure accurate and precise dimensional measurements. Six NMIs (CSIR-NPL
India, NIM Thailand, SCL Hongkong, NMI Malaysia, SASO Saudi Arabia, and NMI Japan)
participated in this intercomparison at the National Metrology Institute, Japan, from
January 29-February 02, 2024. The draft A report for this comparison is under
circulation.




Measurements being taken at NMI] Optical Frequency Measurement Lab

Draft A reports of the Key Comparisons EURAMET.L-K3.n01 (Angle Standards) and
APMP.L-K4.n01.2021 (Diameter standards) have been Received, CSIR-NPLI
Demonstrates Satisfactory Results in these Comparisons

CSIR NPL participated in the intercomparisons EURAMET.L-K3.n01 (Angle Standards)
piloted INRIM Italy and APMP.L-K4.n01.2021 (Diameter standards), piloted by CMS/ITRI,
Chinese Taipei. Draft A reports of the Key Comparisons have been received.

APMP.L-K4.n01.2021 Artefacts




Successful Installation of New Mechanical Gauge Block Comparator and Optical
Frequency Comb

Mechanical Gauge Block Optical Frequency Comb
Comparator Optical Output Power: > 80 mW
Central Wavelength: 1560+ 20 nm

Measuring Range: 0.1 to 250 mm (original fibre laser)
Resolution: 0.001pm Spectral Wavelength: 500 - 1000
Measurement Uncertainty at k=2: nm
+(0.03+0.3L/1000) um, where L is Second Harmonic Generation @
the length of the gauge block in 780 nm
mm

Establishment of IR Calibration Facility upto -40°C

IR Thermometer and Thermal Imager Calibration Facility Down to -40 °C

We have established the calibration and testing facilities for temperature metrology in
the range from -200 °C to 3000 °C, and humidity metrology in the range from 10% RH
to 95% RH at -10 °C to 70 °C, Dew/frost point from -30 °C to 60 °C. Among these, the
total radiation thermometry range was from 50 °C to 3000 °C and spectral radiation
thermometry from 750 °C to 3000 °C, as per International Temperature Scale of 1990
(ITS-90). Recently, we have established the IR thermometry facility from -40 °C to 135
°C, to meet the increasing demand of calibration and testing in the field of non-contact
thermometry in low temperatures, particularly for 8 m to 14 m total radiation
thermometers and thermal imagers. The cylindrical metal cavity blackbody of 0.998
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has been placed in the alcohol filled low temperature calibrator. The reference T90
temperature was assigned using SPRT calibrated on ITS-90 fixed points from Triple
point of Ar (-189.33 °C to Freezing Point of Al (660.323 °C). The standard pyrometer
(Heitronics, TRT IV.82 with spectral range 8 m to 14 m and temperature -50 °C to 1000
°C) was measured at various temperature points in the range from -40 °C to 135 °C. All
the essential parameters such as emissivity, stability and uniformity of blackbody
source, temperature drop, size-of-source, distance effect, emissivity setting on
pyrometer, etc were measured and analysed, to compute the measurement uncertainty.

Hybrid Comparison with METAS Switzerland (APMP.PR-H1.2023)

In an attempt towards establishing measurement equivalence with another NMI, with a
future goal of establishing Calibration and Measurement Capability (CMC) for
photometric and colorimetric measurements of LED light sources by the systems
established under the LED project, a comparison was conceptualised. Though,
international key comparison has been the usual method for establishing the
measurement equivalence, but owing to reasons like long time intervals between the
inter-comparisons, lengthy process, etc., Asia-Pacific Metrology Programme (APMP) has
established the process of Hybrid Comparison.

With the approval of Technical Committee on Photometry & Radiometry (TCPR) Chair, a
Hybrid Comparison (APMP.PR-H1.2023) has been initiated with METAS, Switzerland.

Commissioning of Sphere Spectroradiometer

The Sphere Spectroradiometer is an important system in the LED Photometry
laboratory. The system has the capability of carrying out temperature dependent
photometric and colorimetric measurements. The system primarily measures total
luminous flux of lamps and luminaires with a very short turn-around-time. Apart from
this the system is capable of measuring a number of parameters like Total Radiant
Spectral Flux, CCT, Color coordinates, Color Space Diagrams, etc. Measurements related
to commissioning of the system were carried out. A sample of temperature dependent
spectral profiling of a light source is presented in the following figure.

= 0.0200— Z 0.028 =~ ]
B — . oy
z CCT: 3500K m—TTT £ CCT: 4500K —T £ 0.0 CCT: 6500K ::;I
Z o016 25°¢ Z 00 |—28°¢ z | o
- A | = ' 35°C|
- 3% -] 3% w 0,024 | .
2 5% = . z |45
= oo = 0,015 | 45°C = | | ssoc|
= 55%C H 88 = D018 | e
3 0.008 =) 2 0010 _2n s | —
3 8 T 0012
- ® g |
& 0004 £ 0.005 F 0.006]
Z £ g
7 0.000 w 0.000 = 0,000+
? 7
300 450 500 550 600 650 700 750 400 430 %00 550 600 650 700 780 400 450 500 550 600 650 700 750
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Temperature dependant Measurements of LED Light Emitting Spectra of different CCTs

Upgradation of 1 MN and 3 MN Machines

Two new high-resolution DMP 41 digital indicators have been installed with 1 MN and 3
MN force machines for calibrating force proving rings and digital load cells, with
calibration range capacities ranging from 100 kN to 3000 kN.




A High Resolution DMP 41 Indicator is Installed with 3 MN Force Standard Machine

Establishing New Facility for Hardness Calibration

A new Rockwell hardness machine has been installed for providing calibration in
Rockwell hardness scales.




A Rockwell Hardness Machine

The calibration requirements within this range are in high demand due to numerous
ongoing construction projects in major metropolitan areas, such as metro rail
construction, high-rise residential building projects, bridges, flyovers, reservoirs, and

dams.

Bilateral Comparison with NIST USA (APMP.SIM. M. P-K1¢.2023)

A bilateral interlaboratory
comparison between
National Physical
Laboratory, NPLI (India),
and the National Institute
of Standards and
Technology (NIST), USA,
was initiated in the
pressure measurement
range from 0.4 MPa to 4.0
MPa, in the pneumatic
pressure  region. The
objective of the project
was to compare the

performance of pneumatic
pressure standards in

AL
pETT

Characterization of NPLI-4 (Transfer Standard) against NPLI-
8A (Secondary Standard)

participating institutes in gauge mode using nitrogen gas as the pressure-transmitting
medium. The transfer standard is a piston-cylinder assembly provided by NPLI, which
was to be compared to the pressure standards of each of the participating laboratories.




During the period, the transfer standard was characterized using our secondary
standard (NPLI-8A), and measurement data were collected in the range of (0.4 to 4)
MPa and processed for further analysis.

Primary Sound Calibration System

The standard of sound pressure, vibration amplitude and power. The primary standard
of sound pressure is maintained through absolute calibration of standard condenser
microphones in coupler cavity by the reciprocity technique in the frequency range 1 Hz
to 25 kHz with an expanded uncertainty of + 0.17 dB. The primary standard of vibration
amplitude is maintained through absolute calibration of standard accelerometer by
Laser interferometer technique in the frequency range 0.1 Hz to 20 kHz with accuracy
better than * 1.2 %.

Primary Vibration Calibration System

The primary standard transducers are calibrated by absolute method while secondary
and measurement transducers are calibrated by comparison and transfer standard
method respectively. The latest international standard 16063-11 specifies three
calibration methods based on laser interferometer viz., Fringe counting method (FCM),
Minimum point method (MPM) and Sine approximation method (SAM). The FCM can be
used for sensitivity calibration in the frequency 1 to 800 Hz. The MPM is intended for
sensitivity calibration in the frequency range 800Hz to 10 kHz. The SAM covers the
frequency range 1 Hz to 10 kHz and additionally makes it possible to measure the phase
lag between the mechanical input and the accelerometer output voltage. The accuracy of
transfer standards like sound level calibrator (+ 0.15 dB) and vibration level calibrator
(¥ 1.5 %) is determined with the help of transducers calibrated by absolute methods.




Building Acoustic Materials Testing

CSIR-NPL providing testing and calibration services for Acoustical materials in
Reverberation chambers and sound impedance tube facility. Many technical services
projects were undertaken for various private manufacturers in the country.

International Key Comparison AFRIMETS.AUV.V-K5 Pilot by NMI South Africa as
Pilot Laboratory with 3 other Participating Laboratories in March-April, 2023

Artifacts circulated amongst various NMIs in the Key Comparison on Vibration Sensors

Installation and Commissioning of Top Loading Calibration Setup

A top-loading calibration setup has been

.. i Reference
successfully commissioned to support flow I - owmeter
measurement in the range of 500 L/min to '
2000 L/min. This advanced facility is
designed to provide precise and reliable
calibration services for high-volume air
samplers, including High Volume PMjio
Samplers. By enabling accurate calibration
across these critical flow ranges, the setup
significantly  strengthens  measurement

capabilities in air quality monitoring. This 5;?:‘:‘"::1
development will particularly benefit the Pump

environmental sector by ensuring enhanced
reliability of data, improved compliance with
regulatory standards, and greater confidence in environmental assessments, thereby
contributing to better air quality management and policy implementation.

Top Loading Calibrator Setup




Installation and Commissioning of Rotary Positive Displacement (RPD) Meter
Calibration Set-up for Low Frequency Output

A Rotary Positive Displacement (RPD) Meter Calibration system has been established,
specifically designed for low-frequency output applications. RPD meters play a critical
role in accurately measuring gas flow across various domains, including natural gas
pipelines, compressed air networks, manufacturer’'s gas lines, and diverse
environmental applications.

| AN - = R
il Gas Flow Calibration System

[ . -

RPD Meter Calibration Set-up for Low Frequency & High Frequency Outputs

Inspection of Municipal Corporation of Greater Mumbai Water Meter Test Benches
supplied by M/s. Nagman Flow-Level Systems and Solutions LLP, Chennai and its
Suitability for Use in Testing of Water Meters

The technical service project titled “Inspection of Bulk Water Meter Test Benches of the
Brihanmumbai Municipal Corporation (BMC)”, sponsored by M/s. Nagman Flow-Level
Systems and Solutions LLP, Chennai, has been successfully completed in accordance
with the agreed project plan. The request involved assessing a Bulk Water Meter Test
Bench, Model WATCAL 80200C(S), supplied for BMC’'s water meter testing facility in
Mumbai. The system is intended for testing and calibration of bulk water meters
ranging from DN80 to DN200 at nominal flow conditions. As part of their contractual
commitment to BMC, M/s. Nagman engaged CSIR-National Physical Laboratory, New
Delhi, to perform an independent inspection to evaluate the test bench’s suitability,
performance, and compliance with required accuracy specifications.

Participation in APMP Key Comparison (APMP.M.FF-K1.1.2022) on Water Flow

The active participation in the APMP Key Comparison on Water Flow (APMP.M.FF-
K1.1.2022) highlights our strong commitment to international metrology standards.
The comparison, covering a flow range of 5 kg/min to 60 kg/min, involved eight
National Metrology Institutes (NMIs): CMS/ITRI (Taiwan, Pilot Laboratory), KRISS
(Korea), NMIM (Malaysia), NIMT (Thailand), NMI]J (Japan), NPLI (India), NMC
(Singapore), and ITDI (Philippines).

For this exercise, we utilized a Coriolis Mass Flowmeter (DN15, Model: Promass F,
Make: Endress+Hauser) as the artifact. The calibration was conducted at NPLI from May
1 to May 20, 2023, with measurements carried out at six flow points: 5, 10, 20, 30, 40,
50, and 60 kg/min.
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Our contribution to this comparison not only validates the accuracy and reliability of
our measurement capabilities but also fosters collaboration and knowledge exchange
among leading NMIs in the Asia-Pacific region. Such initiatives strengthen global
measurement frameworks, supporting industries, research, and regulatory compliance
worldwide.

The Artifact i.e. Coriolis Mass Flowmeter installed in Primary WFCF

Range Extension of Gas Flow Calibration System

We've expanded the flow range of our Gas Flow Calibration Facility from 1000 L/min to
2000 L/min, enhancing CSIR-NPL's capability to calibrate a diverse range of gas
flowmeters. This extension enables calibration of instruments with pulse/frequency
output, including Mass Flowmeters, top loading calibrators, and root meters. To support
this upgrade, a new air compressor system capable of delivering 2000 L/min has been
installed, complemented by the procurement of a 1000 L/min sonic nozzle. With these
enhancements, we're equipped to meet the evolving needs of industries reliant on
precise gas flow measurement, further solidifying CSIR-NPL's position as a leader in
metrology services.

Air compressor Air Receiver Fluke Sonic nozzles with Mass Flow Terminal

Gas Flow Calibration System for 2000 L/min

Ultrafast Carrier Dynamics in Flexible WTe, Thin Films

FIB lab has developed ultrathin films of WTe, (a type of Weyl semimetal) on flexible
plastic (PET) substrates and studied how fast they respond to laser light. Using
femtosecond laser pulses, they explored how electrons inside these films absorb light and
lose energy over time. They observed three key steps in this relaxation process:
(1) rapid electron-phonon interactions, (2) slower phonon scattering, and (3) the slowest
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step—electron-hole recombination. Interestingly, thicker WTe, films retained the excited
electrons for longer, showing better energy retention, which is vital for devices that rely
on fast electrical responses. Unlike traditional semiconductors, WTe, can detect a broader
range of light (from UV to infrared), and the flexible PET substrate makes the entire
system lightweight, robust, and low-cost. These features make WTe, films ideal
candidates for the next generation of ultrafast optoelectronic devices. It proves that
combining quantum materials like WTe, with everyday plastics could transform future
tech.
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The above image shows how WTe;, a unique quantum material known as a Weyl
semimetal, responds to ultrafast laser light. When a laser pulse of 410 nm hits the thin
WTe, film, it excites electrons from the valence band (VB) to the conduction band (CB),
creating mobile charge carriers (electrons and holes). This process, shown in part (b-I),
starts the ultrafast dynamics. In the next step (b-II), the excited electrons quickly lose
excess energy by interacting with atomic vibrations in the lattice—called phonons—a
process known as thermalization. Finally, in step (b-III), the electrons recombine with
holes, but in WTe,, this doesn’t happen directly. Due to its special band structure, the
electron and hole don't line up perfectly in momentum space, so phonons must help
them meet, making the recombination non-radiative and slower. Part (a) shows how
these processes unfold over time. The sharp rise at the beginning shows the instant the
laser excites the carriers. This is followed by a steep drop (pink region), where the
carriers rapidly lose energy through thermalization. After that, in the blue region, the
signal decays more slowly due to phonon-assisted recombination. This three-step
behavior—fast excitation, rapid cooling, and slower recombination—is characteristic of
WTe, and is what makes WTe2 ideal for ultrafast optoelectronic devices.

Successful Technical Peer Review was done on Feb 2024. Intra-RMO Review is
Successfully Completed for 4 CMCs in Gases at KCDB

4 Mr. 5.C. Huria, Quality Expert
n

r——

Conducted Peer Review of Gas Metrology
(22-23 February 2024)
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Establishment of Type Testing, Calibration & Certification facility for OCEMS &
CAAQMS Preliminary Suitability Test of AUM Air Monitoring Device (Pre-
Certification Test)

Sornsung Triphs comena

Stack Simulator Control Unit

CSIR-NPL has set up India’s first dedicated facility for type testing, calibration, and
certification of Online Continuous Emission Monitoring Systems (OCEMS) and
Continuous Ambient Air Quality Monitoring Systems (CAAQMS), including conformity
tests of Air Monitoring Devices. This facility ensures that monitoring instruments
undergo rigorous pre-certification evaluation under Indian environmental conditions,
which differ significantly from those in countries where most devices are originally
certified. By establishing this capability, CSIR-NPL provides a national framework for
quality assurance, enabling industries, regulators, and researchers to rely on
standardized, credible emission and ambient air quality data.
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Novel Lanthanide Coordinated Luminescent Hydrogels for Anticounterfeiting and
Fingerprint Detection Applications

CSIR-NPL has developed a new

luminescent security ink based POEORT Loun (254 e
on Tb-BTC and Eu-BTC

hydrogels which have attracted A m -

attention for anticounterfeiting '
and fingerprint  detection ooty ‘g = PLMM"‘% Anticounterfeting
applications. This innovative l: W eeieen

ink, synthesized using the
trimesic acid (H3BTC) as
organic ligand and lanthanide
ions (Tb3* and Eu3*), appears
white under normal light but

emits vivid green and red
colours under UV light due to
specific electronic transitions.
The  hydrogels' structure,
morphology, chemical
composition, and photoluminescent properties have been thoroughly analysed through
advanced techniques, confirming their unique features. This ink offers colour tunability,
ranging from green to red, by adjusting the ratios of Tbh3+ and Eu3* and shows promising
features for direct screen printing on various substrates, enabling enhanced security
features. Additionally, the ink’s ability to detect latent fingerprints on different surfaces
further demonstrates its potential for forensic applications as shown in the figure. This
breakthrough opens new possibilities in security printing and forensic science.

Eu-BTC and Tb-BTC Hydrogels for Detection of
Fingerprint on Black Paper for Forensic Application and
some Characters Printed on Black Paper by using Screen
Printing Technique for Anticounterfeiting Applications

Demonstration of Electronically Triggered Tunable Terahertz Signal in LPCVD
Grown Single Layer Graphene

CSIR-NPL has developed a successful strategy to synthesize a low-cost, highly
reproducible high-quality SLG by an indigenously developed LPCVD setup for THz
applications. In this perspective, the THz-TDS on LPCVD grown SLG at room
temperature has been demonstrated to probe the accurate, rapid, and non-destructive
response in the high frequency range (0.2 to 0.95 THz). This enables us to quantitatively
analyse several frequency dependent optoelectronic parameters such as transmissions,
refractive index, and sheet conductivity of SLG in the THz range. Moreover, a
comparative THz study between SLG and its bulk equivalent (HOPG) is shown to
validate the selectivity of SLG as compared to HOPG bulk crystal towards the proposed
THz applications. The obtained THz signal intensity of SLG is four times higher as
compared to HOPG bulk crystal, which clearly suggests the selectivity of SLG for THz
applications. The estimated values of refractive index, transmission and conductivity of
SLG have been found to be 1.4, ~95% and ~10°¢ (in order of), respectively, without any
electronically triggered voltage. Moreover, the interesting tuneable THz characteristics
of SLG have been confirmed through electronically triggered applied voltages on SLG
surfaces at room temperature. The achieved tuneable THz parameter values of
refractive index, transmission and conductivity of SLG vary from 1.4 to 1, from ~95% to
~99% and from -3.42 x 10°® S m! to -3.84 x 10 S m-1, respectively, under the
triggering voltages. The observed tuneable characteristics of SLG on the light of
delocalized m electrons as well as shift in Fermi levels are successfully proposed as
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plausible mechanisms as shown in the following figure. Thus, the present investigations
provide us with a new concept to create tuneable THz characteristics for SLG to design
next-generation THz quantum devices.
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Terahertz time domain spectroscopy (THz-TDS) of HOPG bulk crystal and as grown SLG on
sapphire substrate at room temperature without application of voltage. (a) THz signal
transmitted through HOPG bulk crystal; (b) schematic representation of THz-TDS of SLG; (c)
THz signal transmitted through SLG transferred; (d) Refractive index of SLG; (e) Transmission
of SLG; (f) Real conductivity and Imaginary conductivity of SLG; at zero voltage and plausible
mechanisms

Bharatiya Nirdeshak Dravya: Strengthening National Quality Infrastructure

To achieve global competence across public, private, strategic, and societal sectors of
any economy, more stringent metrological regulations in trade and commerce are
essential. Partial compliance with an unbroken chain of measurements and associated
traceability often weakens the quality infrastructure. As India is transiting rapidly from
a developing to a developed economy, strengthening its quality infrastructure and
manufacturing capabilities becomes critical. The availability of indigenous standards
and certified reference materials (CRMs) plays a pivotal role in this endevour. The
indigenously developed certified reference materials (CRMs) have been trademarked as
Bharatiya Nirdeshak Dravyas (BNDs) by Council of Scientific & Industrial Research
(CSIR). CSIR-NPL has taken a step forward for the development of BNDs in collaboration
with ISO 17034 accredited reference material producers (RMPs) in various domains.
The easy availability of BNDs are poised to play a significant role in strengthening
India’s quality infrastructure by enabling accurate testing and calibration and enhancing
the reliability of measurements across industries. They support the "Make in India"
initiative by aligning domestic standards with international benchmarks, thereby
boosting the country’s manufacturing capabilities and global competitiveness. The BND
Division at CSIR-NPL is involved in the development of BNDs in the areas of cement and
building materials, petroleum products, water testing, high-purity chemicals and
solutions, precious metals and pharmaceuticals etc. A total of 150 BNDs have been
produced to date at CSIR-NPL and in-collaboration with ISO17034 accredited reference
materials producers (RMPs). These BNDs are made available to both Indian as and
international market at highly competitive prices and have played a pivotal role in
opening of new jobs and entrepreneurship opportunities. In the fiscal year 2023-2024,
BND division of CSIR-NPL has released six new BNDs i.e. BND-5008, BND-5009, BND-
5061, BND-5062, BND-5063, BND-5064 in area of cement and building materials along
with the new batches of ongoing BNDs. These BNDs have efficiently served the Indian
testing laboratories & industries, and have penetrated the international market of
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SAARC countries.  Further, CSIR-NPL has developed in-house BNDs for FT-IR
calibration, X-Ray diffraction calibration and also precious metal BNDs.

- EARTTIT ey e
Launch of BND-5008 on 24th December, 2023,
during the Foundation Day of NCCBM

Strengthening National Time Dissemination Infrastructure

CSIR-NPL led the establishment of five secondary timing laboratories and a Disaster
Recovery Centre to enhance the nationwide dissemination of Indian Standard Time
(IST). During 2023-24, major milestones included the procurement of atomic clocks
and related infrastructure, installation of Active Hydrogen Masers at DRC Bangalore,
and advanced procurement of IT and power systems. Jio’s dark fiber link between CSIR-
NPL and RRSL Faridabad was finalized, and the CSIR-NPL Disciplined Oscillator was
tested for deployment. The policy documents on IST legalization were discussed with
LM for further action.

Maintenance and Dissemination of Indian Standard Time

CSIR-NPL continued to maintain the national time scale UTC (NPLI) with traceability to
UTC and provided traceable time and frequency services to strategic users. A significant
achievement was the ongoing contract with ISRO for traceability of NavIC system time
scales IRNWT-I and IRNWT-II through Two-Way Satellite Time and Frequency Transfer
(TWSTFT) and GNSS CV. The National NTP Service, strengthened as per CERT-In
directives, ensured wide dissemination of IST, with a stratum-1 NTP server operational
at NIC to support critical infrastructure.

Capacity Building, Collaboration, and Leadership

Numerous review meetings and stakeholder interactions were organized with the
Ministry of Consumer Affairs, ISRO, Legal Metrology Department, and RRSLs to monitor
and accelerate development of national infrastructure. Training on Time and Frequency
Metrology was provided to project staff, and recruitment drives were conducted to
expand technical capacity of Time and Frequency Metrology under Project TSP180932.
CSIR-NPL represented India at APMP and BIPM forums, contributing to international
discussions on UTC and time dissemination. Engagements with NIC, DoT, IIT Kanpur,
Burdwan University, Reliance Jio, ONGC, and other agencies strengthened collaborative
networks essential for national timing resilience.
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National Metrological Services and Revenue Generation

The Time and Frequency Metrology Section continued its role as the authorized
national provider of traceable calibration services for high-precision frequency
standards, GPS receivers, and timekeeping instruments. The section remained the
highest-earning unit of CSIR-NPL, underlining its critical contribution to the
laboratory’s mandate.

Revival of Indigenous Primary Frequency Standard (NPLI-CsF1)

India’s first and indigenously developed primary frequency standard has been
operationalized. Efforts are ongoing to ensure its sustainable operation and evaluation.
Due to the aging system, many of components have been repaired and upgraded. The
whole optical design has been changed to achieve sustainable operation. Cold atoms are
being obtained on daily basis and fountain is operational again after overhauled optical
set-up. Efforts are underway to operate the fountain and evaluate its frequency along
with detailed uncertainty analysis.

Precise and Secure Time (IST) Dissemination through Underground Optical Fiber
of Telecommunication Sector

Optical fibre-based time transfer techniques provide excellent options for transferring
precise and secure time over a distance of several hundreds of kilometers. Work in
progress towards establishing an optical fibre link through underground optical fibre
link of telecommunication sector utilizing White Rabbit Precision Time Protocol (WR-
PTP) for precise and accurate transfer UTC(NPLI) to the RRSL Faridabad. In order to
enhance the accuracy and stability of the optical fibre link, a feedback loop has been
utilized for estimating as well as compensating dynamic phase variation, arises due to
ambient variation around the link. About ~ 45 km long optical fibre link has been
established between CSIR-NPL and Jio Telecom Center at Nehru Place, New Delhi for
transferring precise and secure time with better than nanoseconds accuracy. After
introducing active phase compensation, the time synchronization uncertainty remains
within 150 ps even under varying temperature conditions.
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Experimental setup of the underground Optical Fibre Link for Precise Transfer
IST from CSIR-NPL to the Remote Location, Jio Telecom Centre, Nehru Place
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Network Time Protocol (NTP) Services

A meeting chaired by the Joint Secretary of MeitY focused on enhancing NTP services to
ensure Internet resilience and support for critical sectors.

Re-establishment of National Standards for Microwave Power with Improved
Uncertainty

The National Standard for Microwave Power at 50 GHz has been re-established using a
coaxial microcalorimeter system, achieving a significant improvement in measurement
uncertainty from *1.9% to *1.3%. Similarly, the 7.0 mm Coaxial Microcalorimeter
System, serving as the primary standard for microwave power at 18 GHz, has been re-
established with enhanced accuracy, reducing the measurement uncertainty from
+0.7% to £0.4%. These advancements mark a pivotal step in improving the precision of
microwave power measurements.

Evaluation of Primary Standards for LF Voltage and LF Current

The primary standard for Low Frequency (LF) Voltage and LF Current, based on Multi-
Junction Thermal Converters (MJTC), has been evaluated for its AC/DC transfer
difference at 2 V and 5 mA. The evaluation achieved a measurement uncertainty ranging
from +5 ppm to +25 ppm across the frequency range of 10 Hz to 1 MHz.

Participation in Intercomparisons

Participation in intercomparisons has reinforced measurement capabilities and global
collaboration:

- APMP.EM.RF-K8.CL for Microwave Power: Piloted by NMIJ, the final report was
presented and accepted during the APMP TCEM 2024. The report concluded that
the intercomparison was successfully executed, with results strongly supporting
its reliability. The Degrees of Equivalence (DoE) between the calibration factors of
the participants, the APMP Regional Value (RV), and the CCEM Key Comparison
Reference Value (KCRV) can be confidently used to establish the calibration
measurement capabilities of each participating institute. This outcome reinforces
the robustness of regional and global calibration standards.

- APMP.EM-S8 for LF Voltage and Current: Piloted by NPLI, the final report has been
successfully published in the BIPM KCDB and the Metrologia journal.
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Maintaining and Upgrading National Standard Related to Electrical and Magnetic
Parameters

Electromagnetic Metrology section has significant role in maintaining and upgrading
National Standard related to the electrical parameters (including antenna factor,
attenuation, electric field,power and shielding effectiveness) as well as the magnetic
parameters (such as Magnetic flux Density, Magnetic flux, turn area of search coil,
power loss measurement of electrical steel) through continuous development and
providing calibration/test services (as per ISO/IEC guidelines) to more than 120
customers (MSME sectors, Large scale industries, Govt. organizations and R&D
institutes like Indian Air Force, Air India, Power Grid, CPRI, IDEMI, ERTL, ETDC, ABB,
Siemens, Samsung, GE Healthcare, L&T, Adani power, Genus Power, Secure Meters etc.)
to improve the quality infrastructure of India.

Involvement in R&D Activities

The Design and analysis of large scale Reverberation chamber for frequency range
100MHz to 18GHz was achieved in the year. An anechoic chamber is also under
development for providing the suitable environment for calibration and testing. The
availability of these chambers supports the accuracy in measurements and performaves
of the material under test is examined carefully with minimum uncretainties. The
section has started dielctric measuremnts for solids in X band along with uncertainty
evaluation. Development of RIS (Reconfigurable intelligent surface) has already being
initiated.

In the quantum metrology part, Rydberg atom based SI traceable and self calibrating RF
E-field sensor has been developed on optical table and experimental results are
reported for Ku Band, K band and X band bolstering the candidature of Rydberg atoms
as broadband potential antenna for Microwave E-field sensing. Also,
Electromagnetically Induced Transparency (EIT) based Ultrabroadband sensing was
achieved in this year with the claimed Uncertainty.

On the magnetic front, device development is at the focus of the team. Two
minituarized, low cost magnetometers have been developed in the lab. One is for weak
DC magnetic field measurement and the other is for AC magnetic field
measurements.The devices provides accurate and validated results for the value of
magnetic field.

Represented CSIR-NPL in APMP GA 2023 (Asia Pacific Metrology Program 2023), in
Shenzhen, China

Participation in APMP TCL
(Technical Committee for
Length) and DEC meetings
contributes to knowledge
enhancement and
strengthening of  the |
network in the metrology
community for capacity
building. The current status
of various intercomparisons was discussed in the TCL meeting, opening up the
participation avenues for CSIR-NPL. Various issues related to the peer review were
addressed.
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One Week One Lab (OWOL) Programme of CSIR-NPL (April 17-21, 2023)

¢ Inauguration of OWOL (April 17,2023)

e Startup/MSME/Industry Meet at OWOL (April 18-22 April, 2023)

Inauguration of Startup/MSME/Industry meet and Bio-aerosol sampler technology
transferred to M/S Envirotech Pvt. Ltd. Delhi on 18.04.2023 (now available
commercially) during the Startup/ MSME/ Industry meet
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e Metrology Conclave at OWOL (April 19, 2023)
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R & D Conclave and Women in STEM
20 April 2023

¢ Skill Conclave at OWOL (April 21, 2023)

The conclave was open to the public, and about 400 persons from various academic
institutions, business, students, and members of the general public from a range of
societal vocations were present. Prof. Achanta spoke about the nation's need for
demand and supply of skilled labour during the Skill Conclave. The guest of honour,
Dr. Nagahanumaiah, Director, CMTI, Bengaluru, discussed the problems faced by our
education system. The Chief gGest of the event, Prof. T. G. Sitharam (Chairman of
AICTE), delivered a visionary speech. The keynote speaker Dr. R. Chidambaram,
(Padma Vibhushan), former Principal Scientific Advisor, Govt. of India emphasized
21




the need to generate new knowledge, and the importance of skill to add on to the
knowledge.
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Celebrations of World Environment Day with the theme 'Solutions to Plastic
Pollution' (June 05, 2023)




Stakeholders Meet on 'Traceable PMU Usage to Enhance Power Grid Reliability’
(June 08, 2023)

The Stakeholders Meet brought together experts, policymakers, and industry leaders to
discuss the adoption of traceable Phasor Measurement Units (PMUs) for enhancing
power grid reliability. The event highlighted the critical role of accurate Synchrophasor
data in ensuring grid stability and fostering sustainable energy solutions.

Celebrations of Rashtriya Boudhik Sampada Mahotsav/National IP Festival (June
30,2023)

The inaugural function of the Azadi Ka Amrit Mahotsav -IP Campaign was graced by
Hon’ble Minister of State (I/c), S&T, Dr. Jitendra Singh Ji at CSIR-NPL.
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Training Program on Biomedical Metrology under Skill Development Program (July
10-11, 2023)

A training program under the Skill India program was organized on Biomedical
Metrology. This program includes sharing the knowledge on medical devices, their
classification, operation and calibration of Medical Devices. Professionals from startup,
testing and calibration laboratories, research and organization and students from
universities attended the program.
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Air Quality Measurements Training (August 23-25, 2023)

A three days training program on ‘Air Quality Measurements Training’ was organized
under the Skill initiative STP6 and certificates were distributed to all participants.

Two Days Conclave for Metro Officials on ‘Noise and Vibration Conclave for Metro
Rail Transit Systems’ at CSIR-NPL (August 24 - 25, 2023)

Training Program on Force, Torque and Hardness Metrology (September 21-22,
2023)
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CSIR Foundation Day 2023, Technology Demonstration at Bharat Mandapam, New
Delhi [September 26, 2023]

Demonstration of luminescent security pigments indigenously developed by CSIR-NPL to
prevent from counterfeiting of currency notes, passport, stamp papers and many
important documents.

IR thermometer testing facility of CSIR-NPL was exhibited at Bharat Mandapam, CSIR-
NPL Pavellion and won the Award.
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Celebrations of 82nd CSIR Foundation Day at CSIR-NPL (October 04, 2023)
Prof. Ajay Kumar Sharma (Director, NIT Delhi) was the Chief Guest

-
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International Workshop on Advanced Materials Challenges and Standardization
Needs for Net Zero Technologies [AMCSNZT-2023] and VAMAS Steering
Committee Meeting in CSIR-NPL (October 9-12, 2023)
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Temperature, Humidity and Moisture Metrology Training (November 01-03, 2023)

This skill training programme was attended by 25 participants from Industry and
Academia.

NATANAL DULSIEAL LARARATARY
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Skill Training Program on Advanced Materials Characterization Techniques (STP-
15) (November 09-10, 2023)

Skill training programme on Advanced Materials Characterization technique was
organized by In-House BND Group of BND Division. Faculty members, research scholars
and students from various academic institutions have participated in the programme.

NATIANAL DUVSICAL LARARATARY

Delegates from Indian Air Force Station, Tughlaqabad, Delhi (November 14, 2023)

Delegates came to witness the various pneumatic pressure facilities available at CSIR-
NPL, as well as the newly established 100 MPa high-pressure standard, on November 14,
2023.
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APMP TCM Meeting (24th TCM Meeting -APMP 2023) Shenzhen, China, hosted by
the National Institute of Metrology (NIM), China. Presented-Design and Fabrication
of Kibble Balance-Feasibility Study at CSIR-NPL, and Country Report, CSIR-NPL
(November 27 - December 03, 2023)
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CSIR-NPL AcSIR India - RMIT University One-day Workshop on "Creating
Intellectual Infrastructure for Mentoring Young Graduates” at CSIR-NPL
(December 05, 2023)
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Peer Review of Time & Frequency Metrology Sub-Division (December 13-14,
2023)

Dr. Dai-Hyuk Yu (Technical Expert, KRISS Korea) & Mr. SC Huria (Quality Expert, Ex GM
NCCBM India) conducted peer review.

IISF 2023 Outreach Programme at CSIR-NPL (December 14, 2023)

Dignitaries from National Institute of Electronics & Information Technology, New Delhi
and Indraprastha Vigyan Bharati graced the occasion.
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51st Shanti Swarup Bhatnagar Memorial Tournament (SSBMT-2023) (December
20-22,2023)

51di mﬁ\ 08 A mmﬁ gaiﬁa (vavadivad)-2023"

51“ Shanti Swarup Bhatnagar Memorial Tournament ja&BMT)-2023 u
(3 Zonal Indog' | 20" - 22 December 20 y

Celebrations of 78t Foundation Day of CSIR-NPL (January 04, 2024)

Prof. Ashutosh Sharma (President INSA and Ex-Secretary DST), Dr. Ranjana Aggarwal
(Director CSIR-NIScPR), Dr. Viswajanani J. Sattigeri (Head, CSIR-TKDL), Prof. Venu
Gopal Achanta (Director, CSIR-NPL) graced the occasion.
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IIFS 2023, Faridabad Event (January 17- 20, 2024)
CSIR-NPL Technology of Bio-aerosol sampler was demonstrated to DG-CSIR at IISF 2023.

Scientific Collaborative Workshop between CSIR-NPL and NIT Delhi (January 18,
2024)
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Two Days Measurement Uncertainty Training Program (January 23-24, 2024)

CSIR-NPL is involved in the NMCG-PTB Namami Ganga project under NAMAMI GANGA
Mission and supporting to the State, Regional Pollution Control Board labs for their
capacity building for quality-assurance. Two days measurement uncertainty training
was organized by PTB and conducted by the Technical Experts of CSIR-NPL at Lucknow.
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Bharat Parv Event at Lal Quila, New Delhi (January 26, 2024)
CSIR-NPL demonstrated PMz 5 technology at Lal Quila
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Visit at Gas Laboratory of BIPM and Gas Analysis Symposium, Paris (January 29 -
February 01, 2024)

Gas Metrology staff visited Gas Laboratory BIPM France on 29t Jan 2024 and presented

three posters at Gas Analysis-2024 Symposium from 30t Jan - 1st Feb 2024 at Paris,
France.

SKkill Training Program on ‘Metrology in Chemistry (MiC)- Practical Training on ICP-
MS to determine Mass Fraction of Measurand’ (February 12-14, 2024)

A training program on ‘Metrology in Chemistry (MiC)- Practical Training on ICP-MS to
determine mass fraction of measurand’ was organised to disseminate detail knowledge
on the basic principle of Chemical Metrology for the accurate quantification of chemical
parameter in particular matrix using analytical technique especially ICP-MS.
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Technical Peer Review of Gas Metrology (February 22-23, 2024)

Gas Metrology activity was successfully peer reviewed without any non-conformance.
Prof. Jinsang ]ung (Head, Gas Metrology, KRISS, NMI of Korea) was the Technlcal expert
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Quality Management System Training Programs on ISO/IEC 17025 & ISO/IEC
17011 (February 26 - March 01, 2024 & March 04 - 08, 2024)

The Quality Management System (QMS) Training Program, jointly organized by BSI-UK
and CSIR-NPL, featured advanced and introductory training sessions conducted by BSI-
UK expert Dr. Zacharias Ioannidis:

Advanced Training on ISO/IEC 17025:2017: Focused on conformity assessment

and the general requirements for the competence of testing and calibration
laboratories, this session was held from February 26 to March 01, 2024.

- Introductory Training on ISO/IEC 17011:2017: Highlighting the requirements for

accreditation bodies accrediting conformity assessment bodies, this session took
place from March 04 to 08, 2024.

These programs provided in-depth insights into international standards, enhancing
participants' proficiency in quality assurance and accreditation processes.

. ADVANCED TRAINING ON ISC/TEC 17025 2017 % UK Intimatioast - INTRODUCTORY TRAINING ON ISCYTEC 17017: 2017 Uﬂl sbartionsd
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Training Program on Popular Science Writing (March 05, 2024)

CSIR-National Physical Laboratory, the National Metrology Institute of India, organized
an online training program on popular science writing, under the aegis of CSIR
Integrated Skill Initiative. The topics covered were Conceptualizing and writing popular
science books and publication ethics.

Two Days Training Program for CPCB Officials on ‘Noise Pollution Control and its
Management in Urban Area’ at CSIR-NPL (March 12 - 13, 2024)

The workshop was having eminent national experts from Delhi and Patalia. The
workshop discusses about the basics of noise pollution, noise pollution strategies, noise
mapping, control, mitigation methods and computational modelling. 20 CPCB and State
Pollution Control Board officials from different parts of India attended the training.
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Dr. K.S. Krishnan Memorial Lecture at CSIR-NPL (March 14, 2024)
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Training Programs Conducted under Integrated Skill Initiative (Project NWP-100)

In line with Prime Minister’s vision for self-reliance and "vocal for local”, Government of
India is making all possible efforts to support various skill initiatives to strengthen the
manufacturing segment. In manufacturing, Quality Control can be obtained by accurate
and dependable measurement. Thus, metrology enables the manufacturing of
components for strict adherence with desired design specifications and functional
requirements. To enhance productivity, achieve customer satisfaction and endorse fair
trade; precise, accurate and traceable measurements are essential. In India, there are
more than 8000 accredited and calibration laboratories and there are many more
unaccredited laboratories in government and private sectors. These laboratories
essentially need a substantial number of skilled manpower to cater ever growing
industrial needs and CSIR-NPL being the pioneering institute in metrology, is catering
the work force with specified training programmes on basic metrology, calibration and
testing and measurements uncertainty evaluation etc. Additionally, we have provided
trainings in diverse fields such as; Training programme on Mass, Volume, Density &
Viscosity Metrology and Fluid Metrology, Length & Dimension Metrology and
application of Interferometry, Training Programme on IS/ISO/IEC17025:2017 (General
Requirements for the Competence of Testing and Calibration Laboratories), Advance
Spectroscopy, Materials Characterization and Scientific Communications etc.

Training Programme on Material Characterization Training Programme on IS/ISO/IEC 17025 : 2017
(General Requirements for the Competence of

Testing and Calibration Laboratories)
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Training Programme on Dimensional its Training Programme on Advanced Materials
applications in Dimensional Metrology Characterization Technigues

B = - == )

Training Programme on Force, Torque & hardness Training Programme on Timing & Frequency
Metrology
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Physico-Mechanical Metrology

The Physico-Mechanical Metrology Division (PMMD) of CSIR-NPL is mandated to
establish, maintain, disseminate and continuously upgrade through research, the
physico-mechanical standards such as Mass; Length & Dimensions; Temperature &
Humidity; Optical Radiation; Force and Hardness; Pressure, Vacuum & Ultrasonic;
Acoustic & Vibration, and Fluid Flow Metrologies. Establishment of four out of seven SI
base units, viz. kilogram, metre, kelvin and candela are part of the divisional activity, for
which state-of-the art R&D facility are established. Continuous research is in progress
for realization of the units based on fundamental constant. Sub-divisions of PMMD
continuously participate in the inter-comparisons at international level for the
establishment of measurement equivalence and to get globally competitive calibration
measurement capabilities for various parameters. This enables the international
harmonization with international bodies and precision in dissemination of
measurements to the clients of NPLI, which in turn supports the robust quality
infrastructure required for missions such as Aatmanirbhar Bharat.

A glimpse of activities of some of our subdivisions is presented below.

Mass Metrology

Mass measurements are essential for trade, technology, fundamental research etc.
Reliable measurements of mass and its derived parameters which include volume,
density, force, pressure, hardness, etc. are indispensable to support many diverse areas.
Mass Metrology section maintains the apex level standards for Mass, Volume, Density
and Viscosity and provides traceability to the various sectors such as Legal Metrology,
Space, Atomic Energy, MSMEs, Delhi Jal Board, Indian Oil Corporation, CPCB, various
industries, etc. One of the important sectors is pharmaceutical industries which are
making drugs and medicines. During the year 2023-24, the section has continued its
efforts for unceasing upgradation of the national standards and providing traceability to
the whole nation. Mass metrology is undergoing three international inter-comparisons
in volume currently to enhance the range of CMCs organized by APMP.

Length, Dimension, and Nano-metrology

Dimensional metrology is an essential element of a
nation’s quality infrastructure, for the industrial
and economic development of a country. Reliable
dimensional measurements play vital roles in
various aspects of social life and significantly
empower numerous scientific and technical fields
such as; manufacturing, aerospace, automobile,
defense and semiconductors, etc. This section
provides apex-level calibration services for
various dimensional measurement instruments to
maintain an unbroken chain of traceability across Primary standard of length at
the nation and the SAARC countries. Length, CSIR-NPL
dimension, and nano-metrology section fulfills the
parliamentary mandate to maintain the primary standard of length for the realization of
SI unit “meter” through Iodine stabilized He-Ne laser, wavelength 633 nm. This section
has various state-of-the-art facilities such as a coordinate Measuring Machine, Length
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Measuring Machine, 3D Optical Profiler, Roughness and Contour Measuring Machine,
Flatness Measuring Interferometer, Linear Displacement Measuring Interferometer,
Gauge Block Interferometer and Roundness Tester, etc., to cater the ever-increasing
demands of various industrial and R&D segments. Additionally, continuous research and
development in the field of precision dimensional metrology for advanced measurement
techniques/ standards/ instruments is one of the prime objectives of the section. This
group is involved in R & D activity for augmenting and upgrading the standards at par
with other leading National Metrology Institutes (NMIs) and continuously participates
in international inter-comparisons to establish international equivalence to the
international measurement system. Furthermore, we conduct technical workshops,
training programs and provide consultancy services to various industries for capacity
building across India.

Temperature and Humidity Metrology

The subdivision maintains the primary standard of temperature and humidity
parameters from -200 °C to 3000 °C and 10 % RH to 95 % RH. Apex level calibrations
and traceability to SPRTs, RTDs and various resistance sensors, LIGTs, Thermocouples,
pyrometers, blackbodies, thermo-hygrometers, dew/frost measurements, moisture
measurements and mercury-free (electrical and IR based) clinical thermometers to
NABL accredited Labs, SAARC NMIs and the government sectors lies in the mandate of
division. During this year our research activities include: (i) Development of microwave
measurement facility for Acoustic Gas Thermometry for the realize new kelvin based on
Boltzmann constant (ii) Development of Ni-C fixed point blackbodies and Pd-C fixed
point for high temperature thermometry, and improved the thermocouple realization
uncertainty, (iii) development of IR calibrator for the IR thermometer and Thermal
Imager calibration down to -40 °C temperature.
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Comparison of thermocouple calibration uncertainty at 1600 °C, when extrapolated using
ITS-90 fixed points and using in-house developed metal-carbon eutectic fixed points
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CSIR-NPL maintains the copies of the Original Constitution of India kept in Parliament
Library in a controlled micro-environment for its long-term preservation, in which an
active role is played by the sub-division. Dr. (Mrs.) N. Kalaiselvi, Secretary DSIR and DG
CSIR made a maiden visit to oversee the preservation activity, along with Prof. Venu
Gopal Achanta, Director CSIR-NPL. DG-CSIR, Director-CSIR-NPL, along with their team
members can be seen with the original constitution in the below picture. Prof. Venu
Gopal Achanta, Director CSIR-NPL is also seen in the picture, describing the
preservation technique developed for the original copy of the Constitution of India on
Sansad TV on the occasion of Republic Day 2024.

Optical Radiation Metrology

Optical Radiation Metrology section of CSIR-NPL establishes, maintains and
disseminates optical radiation standard, which includes Visible Range, UV and NIR
range of the electromagnetic spectrum. The section has established a number of
photometric and radiometric parameters for disseminating measurement services. In
the present scenario of the advent of energy efficient lighting, an apex level testing and
calibration facility for photometric measurements of LED lights and luminaires is being
established. During the year 2023-24, the section has continued its efforts for expanding
its capabilities in the direction of LED photometry and providing traceability to its
clients.

Force, Torque and Hardness

Precise measurement is the foundation of innovation and technological advancement.
Without traceable and accurate measurements, no new technology or research can
achieve reliability or global acceptance. CSIR-NPL, as the National Metrology Institute of
India, plays a pivotal role in this regard by ensuring traceability and providing apex-
level calibration facilities nationwide.

Our group serves as a critical pillar in this mission by specializing in the calibration of
force, torque, and hardness measurements essential parameters for the design and
development of high-performance equipment, structures, and technologies. Esteemed
organizations such as NABL-accredited laboratories, ISRO, DRDO, HAL, and RAFALE rely
on these services to uphold their operational precision and safety standards.

From Apr. 2023 - Mar. 2024, the team has successfully completed 652 calibrations. This
substantial impact reflects both the scale of demand and the trust placed in our
expertise. Each calibration helps industries identify and correct instrument errors by
benchmarking them against national standards, directly contributing to the creation of
more accurate, robust, and globally competitive systems and infrastructures.
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Beyond delivering calibration services, we actively contribute to the maintenance,
upgradation, and establishment of primary standards for force, torque, and hardness.
These efforts strengthen India’s measurement infrastructure and enable advancements
in cutting-edge sectors, reinforcing the nation's position as a leader in science and
technology.

Hardness

Pressure, Vacuum and Ultrasonic Metrology

The primary objective of the Pressure, Vacuum and Ultrasonic Metrology Section is to
realize, maintain and disseminate the derived SI unit of pressure and vacuum - the
pascal (Pa) as well as ultrasonics. We have standards for measurements from 10-¢ Pa to
10° Pa. The group has been providing apex-level calibration services in pressure,
vacuum, and ultrasonic measurements and maintains traceability of these parameters at
par with international levels. We maintain the national primary and secondary
standards, which continuously evolve through further research and development. Over
the years, the group has achieved the global status of compatible measurement
standards and calibration facilities through participation in International key
comparisons. In addition, the section also provides consultancy and technical services to
support the industries. Our patented technologies have also been commercialized. At
present, the group is also engaged in the development of a new primary standard based
on universal constants as well as testing of automated and non-automated
sphygmomanometers.

Acoustics and Vibration Metrology

Acoustics and Vibration Metrology, CSIR-NPL maintains primary standards, viz. the
standard of sound pressure, vibration amplitude and power. The primary standard of
sound pressure is maintained through absolute calibration of standard condenser
microphones in coupler cavity by the reciprocity technique in the frequency range 1 Hz
to 25 kHz with an expanded uncertainty of + 0.05 to + 0.30 dB. The primary standard of
vibration amplitude is maintained through absolute calibration of standard
accelerometer by Laser interferometer technique in the frequency range 0.1 Hz to 20
kHz with the measurement uncertainty of + 1.0 %. The accuracy of primary standards is
verified periodically through participation in Key-comparison exercises with leading
NMIs in the world.

The primary standard transducers are calibrated by absolute method while secondary
and measurement transducers are calibrated by comparison and transfer standard
method respectively. The latest international standard 16063-11 specifies three
calibration methods based on laser viz. Sine Approximation Method (SAM). The SAM
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covers the frequency range 1 Hz to 10 kHz and additionally makes it possible to
measure the phase lag between the mechanical input and the accelerometer output
voltage. The accuracy of transfer standards like sound level calibrator (+ 0.20 dB) and
vibration level calibrator (* 1.5 %) is determined with the help of transducers calibrated
by absolute methods. The working standards like measurement microphones and
accelerometers are calibrated with the help of transfer standards with an overall
expanded uncertainty of + 0.3 dB for microphones and * 2.0 % for accelerometers. The
field / in - situ measurements are carried out with the help of sound and vibration level
meters which themselves are calibrated with the help of transfer standards. The sub-
division also undertake technical services projects, consultancy and external funded
projects in the setting up of the acoustic facility, noise and vibration abatement, building
acoustics, environmental noise mapping and control. The sub-division introduced many
calibration and testing activities as required by the industry notably for Testing of Noise
barriers as per EN 1793 standards, Testing of Hanging baffles, Auditorium chairs,
Extended measurement range in 80 Hz to 10 kHz; Acoustic Louvers and Diffusers; On-
site vibration testing of Machines and Vibration shakers and Validation of Anechoic and
Semi anechoic chambers.

Fluid Flow Metrology

The Fluid Flow Metrology Section provides comprehensive testing, calibration, and
standardization services to diverse user groups, including water flowmeter and water
meter manufacturers, State Water Boards, industries, environmental pollution
monitoring equipment manufacturers, Pollution Control Boards, biomedical
laboratories, R&D institutions, and testing and calibration laboratories. By delivering
these services, the section enables its stakeholders to improve product quality, ensure
compliance with regulatory standards, and foster innovation in their respective
domains. Its activities include testing of water meters that are widely used in industries,
households, and offices for tariff assessment and water conservation, as well as
calibration of oil and gas flow instruments critical to strategic sectors such as HPCL,
ONGC, IOCL, atomic plants, pharmaceuticals, biotechnology, aviation, and R&D
laboratories. Presently, the section undertakes calibration services for gas flowmeters,
water flowmeters, infusion pumps, syringe pumps, infusion device analyzers, dialysis
meters, and other biomedical flow devices. The Gas Flow Calibration Facility caters to
instruments such as Mass Flow Controllers, Mass Flow Meters, Rotameters, Dry Gas
Meters, Air Flow Calibrators, Ventilator Testers, Gas Flow Analyzers, Digital Flowmeters,
Rotary Piston Displacement (RPD) meters, Piston Provers, and Orifice Flowmeters,
thereby ensuring accurate measurement of gas quantities for applications in tariff
calculations, R&D, biomedical systems, and environmental monitoring. To address
evolving requirements, the section has introduced a top loading calibrator setup for the
calibration of high-volume air samplers and PM10 samplers in the range of 500 L/min
to 2000 L/min, and has also developed an RPD meter calibration setup capable of
handling low pulse outputs for applications in natural gas pipelines, compressed air
lines, industrial gas networks, and environmental monitoring. These initiatives highlight
the section’s commitment to advancing calibration technologies for industrial efficiency,
environmental protection, and public welfare. The Gas Flow Calibration Facility
primarily serves manufacturers of pollution monitoring instruments, Pollution Control
Boards, biomedical laboratories, NABL-accredited laboratories, and R&D organizations
such as NPL engaged in environmental research. In parallel, the Water Flow Calibration
Facility has been upgraded to provide calibration for high-accuracy water flowmeters,
including electromagnetic, ultrasonic, coriolis, and differential pressure types, with
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capability to calibrate meters up to 250 mm diameter at flows up to 650 m3/h, along
with testing of bulk water meters up to 200 mm diameter in compliance with ISO 4064
standards. Through these integrated activities, the Fluid Flow Metrology Section
continues to play a pivotal role in delivering precision, reliability, and innovation in fluid
flow measurement across sectors of national importance.
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Electrical and Electronics Metrology

The Electrical and Electronics Metrology Division (EEMD) mainly involves in
establishing, maintaining, disseminating, and upgrading the standards of electrical and
electronics parameters based on the continuous research and indigenous development
of quantum standards. The electrical parameters include voltage, current and
resistance; low frequency and high frequency impedance-related quantities such as
capacitance, inductance, and AC resistance; DC high voltage; and AC high voltage &
current; AC power & energy; and quantum standards such as josephson voltage
standard (JVS), quantum hall resistance (QHR), quantum current (QC) and quantum
nanophotonics (QN). The traceability of the above-said parameters are based on
Programmable Josephson Voltage Standard (PJVS), QHR standard, and frequency
standards (time). The measurements are disseminated through an unbroken chain of
calibrations at par with other leading NMI’s to the industries, strategic sectors, regional
calibration and testing laboratories and support the robust quality infrastructure
required for various ongoing government missions such as Make-in-India and Vocal-for-
local. The metrological services of the division are internationally recognized by the
International Committee for Weights and Measures through mutual recognition
arrangement (CIPM-MRA) and follow the quality system as per ISO/IEC 17025:2017.
The division is unceasingly putting major efforts to upgrade and maintenance of existing
facilities for various electrical and electronics parameters to cater to the mandate and
requirements of the industries. EEMD also contributes to recognizing the international
notch of equality in calibration measurement capabilities for various parameters
through international inter-comparisons. Along with maintenance and dissemination of
above, EEMD also works on various quantum materials such as graphene, 2D materials,
topological insulators, superconductors, and nitrides-based thin film towards
development of quantum standards like Quantum Hall resistance, single photon
detection, and quantum current. Glimpses of activities of subdivisions are described
below.

LF, HF Impedance and DC Metrology

LF, HF Impedance and DC Metrology Laboratory is maintaining the national standards
of DC and Impedance parameters at par with international level for the parameters such
as DC voltage, current, resistance, DC voltage ratio, AC capacitance, resistance,
inductance and inductive voltage ratio. This laboratory is disseminating the traceability
and providing calibration services to the industries, research institutions and secondary
laboratories all over the nation.

Relevant Science &Technology Development(s):

Towards the mandate of the institute, the following up-gradation in the measurement
capabilities has been completed.

o DC reference voltage (Zener) has been upgraded to 100 mV, 1 Vand 10 V range.

o Multifunction calibrator with trans-conductance amplifier capability for current
range has been upgraded from 20 A to 100 A, and resistance range from 1 M) has
been upgraded to 100 M.
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o 8.5 Digital Multi-meter capability for current measurement has been upgraded
from 20 A to 30 A, and resistance measurement range has been upgraded from 1
GQ to 10 GQ.

o Inductive voltage dividers (IVDs) and reference transformers are designed and
developed in-house for impedance metrology applications.

o A facility for measuring the dielectric constant of solid and soft dielectric materials
using contact and non-contact techniques up to 10 MHz has been established.

o The facility for the calibration of high frequency resistance standards (10 Q to 100
k Q) has been established from 10 kHz to 1 MHz using electrical equivalent circuit
model.

o Electrolytic conductivity (0.147 mS/cm and 1.41 mS/cm) of KCl solutions with
different molalities using parallel plate method has been established.

o Establishment of low value capacitance standard from 50 fF to 1 pF using guarded
electrode method is in progress for audio to radio frequencies.

Ongoing Projects:

o Establishment of DC Low Current from 100 fA to 1pA and DC Charge from
100 pC to 2uC is in progress under facility creation project (FCP)- MLP231932,
“Establishment of DC low current and charge measurement facility at CSIR-NPL”,
with the fund support from CSIR and CSIR-NPL. The objective of the project is to
establish traceability of low current measurement/source and low charge
measurement facility at CSIR-NPL with a scope of enhancing our calibration and
measurement capability in the targeted range. Using well known techniques like
[=V/R and I= C dv/dt for current and Q=CV for charge measurement, analysis and
measurement is in progress.

o Design and Fabrication of Quadrifilar Reference Resistance Standards have
been completed. The characterization of these standards is currently in progress,
as illustrated in the following Figure.

IEEE-458.2
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Quadrifilar measurement setup and preliminary results

AC High Voltage and Current Metrology

AC High Voltage and Current Metrology sub-division is actively maintaining the National
Standards of AC High Voltage Ratio measurement up to 100 kV, High Voltage
Capacitance & Tan § facility up-to 200 kV and AC High Current Ratio measurement up to
5 KA. The sub-division has 8 CMCs for AC High Voltage and High Current parameters at
par with International level. It is providing Apex Level Calibration Services for Voltage
Transformers (VT’s), Voltage Transformers Test Sets, AC High Voltage Sources, HV
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Break Down Test Sets, HV Dividers, HV Probes, kV Meters, Capacitance & Tan & Bridges,
VT Burdens, Current Transformers (CT’s), Current Transformer Test Sets, AC High
Current Sources, Clamp Meters, Current Coil, Current Probes, CT Burdens, etc., to
various Power Utilities, Electrical Equipment Manufacturers and Electrical Testing and
Calibration Laboratories.

Measurement set-up for AC High Voltage (left) and AC High Current (right)

Meanwhile, the sub-division is planning to enhance the calibration facilities for AC high
Voltage up to 300 kV and for AC High current side up to 10 kA respectively in order to
cater the calibration, and measurement requirements from Power industries, Electrical
Manufacturers, Electrical Testing and Calibration Laboratories, etc., across the country.

Relevant Science &Technology Development(s):

Towards the mandate of the institute, the following calibration and traceability, up-
gradation in our measurement capabilities has been completed.

. Creation of facility for the evaluation of AC Dielectric strength in Insulating
oil/Insulating materials upto 100 kV

To align the lab into the digital transformation, the division has taken up a project under
Metrology for Digital Transformation in International Cooperation (M4DT-IC) which is a
collaboration between CSIR-NPL India and PTB Germany. The main aim of the project is

. Development of DCC for AC high voltage and current metrological parameters.
Parameters to be analyzed: ratio error and phase error.

Ongoing Projects/Research & Developments:

. Uncertainty Evaluation in 50-Turn, 20A Current Coil using a Digital Clamp
Meter - The research work presents the uncertainty evaluation of a 50-Turn, 20A
current coil using digital clamp meter. Based on the literature studies, it is proven
that the clamp meter calibration can be effectively more accurate with the help of a
current coil. In this work, AC current source (20A) has been injected with 50-Turn
current coil to measure the range up to 1000A using a digital clamp meter (*
0.2%) as a display unit at 50 Hz frequency. The current comparator of 20A/1A (*
0.0045%) with standard digital ammeter (* 0.05%) has been used as a reference
standard for comparing with the device under calibration (DUC). The basic circuit
has been shown in the following Figure. The expanded uncertainty in

49




measurements has been done at a coverage factor, kK =2 which has a coverage
probability of approximately 95% for a normal distribution. Hence, it is observed
that the expanded uncertainty for the current coil from 100A-1000A is + 0.25%
and at 20A is + 0.55% respectively.

50 Turn, 20A
F 3 Current Coil
and Clamp
meter as
Duc
AC Current Dugital "
Source (0-504], Ammeter|
50 Hz Standard
+ CT 20A/1A

Basic Circuit for 50-Turn, 20A Current Coil

Absolute Calibration of AITTS for Ratio and Phase Errors - Accuracy of AITTS
substantially affects the resulting accuracy of the measuring devices. Therefore,
regular calibration of the AITTS is important for the precise and accurate
measurements. It demonstrates the absolute calibration of AITTS using standard
PTs/CTs by computing the ratio differences of REs and PEs for standard PTs/CTs.
The technique is much simpler than the existing technique used for AITTS
calibration at CSIR-NPL. The major uncertainty components are repeatability in
measurements and the resolution of the AITTS display. The uncertainty achieved
with proposed techniques for PTs ratios is # 0.00016 % & * 0.002 min for Ratio
Error and Phase Error respectively, which is well within the uncertainty range of
AITTS standards for PT calibration. The method is simple and precise, which can
be conveniently used for the calibration of AITTS and PTs at various calibration
and testing labs.

Development of DCC for AC High Voltage and Current Metrological
Parameters - It is well known that CSIR-NPL provides calibration services to
several industries and SAARC countries on various parameters. The reports of
calibrations are mostly either paper based or manually PDF generated documents,
which is laborious, time-consuming, cumbersome and prone to human errors. The
aim is to develop certified framework for machine readable -calibration
information to assure traceability to national measurement standards and further
to SI units. A project has been initiated in technical collaboration with PTB
Germany in which digital calibration certificates will be generated for AC High
Voltage & Current Metrology parameters. For the better functioning, a homepage,
comprising of buttons for Administration, Technical and Customer users, are
developed with both sign-in and sign-up options. Certificates are generated for
providing the information on organization, certificate details, environmental
conditions, standards used, customer details, results and calibration methodology.
An automated framework based on HTML markup language has been developed
for generation of uncertainty budget in a structured A4 format. A sample
certificate has been generated on the potential transformer burden test results. In
addition to this, a Monte Carlo based algorithm has been developed to analyze the
propagation of uncertainties.
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Quantum Nanophotonics Metrology

o Experimental Demonstration of Quantum Griffiths Singularity (QGS) in
Disordered TiN Thin Films - In recent years, the quantum current (QC) lab has
developed a novel substrate mediated nitridation method to fabricate disordered
transition metal nitrides that serve as disordered superconductor suitable for
quantum phase slip (QPS) studies. Titanium nitride (TiN) is one of the nitrides
which has been grown and studied extensively in our QC lab. The experimental
observation of quantum Griffiths singularity (QGS) associated with field induced
quantum phase transitions (QPTs) in disordered TiN thin films has been
demonstrated. TiN is one such premiere superconducting material which provides
a model platform to study the quantum criticality, quantum phase transitions and
many other intriguing quantum phenomena for decades. Our QC lab demonstrated
the emergence of QGS for the first time in TiN thin films that are not highly
crystalline or epitaxial grown along with the robustness of QGS with respect to
temperature and disorder strength.

B (T)

Magnetic field-Temperature (B-T) phase diagram constructed from the measured
magnetic field and temperature dependent sheet resistance Rs(B,T) measurements for a
TiN sample of thickness about ~ 2 nm)

o Direct Probing of the Interplay between Superconducting Fluctuations and
Weak Localization in Disordered TiN Thin Films - The research work
demonstrates the coexistence of both positive and negative magnetoresistance
(MR) in different field range at temperature above the critical temperature T for
disordered TiN in 2D. With temperature variation, a crossover from positive to
negative magnetoresistance is also observed.

A crossover from positive to negative MR has been observed and reported in
materials having high spin-orbit coupling. However, for a conventional
superconductor like the case here with TiN, in weak disorder regime and at
temperature above T¢, there is hardly any report of similar results. The QC team
has shown that the quantum corrections to the conductivity (QCC) and
magnetoconductivity from superconducting fluctuations (SF) and weak
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localization (WL) convincingly follow the experimental observations
provided the major quantum correction terms [Maki-Thompson (MT) term
from SF and WL] are associated with individual coefficients that describe
their strength and contribution to the observed magnetoresistance. This
leads to a generic approach for comparing and studying the interplay between
superconducting fluctuation (SF) and weak localization (WL) in similar type of
electronic systems.
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Crossover from positive magnetoresistance (PMR) to negative magnetoresistance (NMR) by
varying temperature for disordered TiN thin film of thickness ~ 7 nm is shown in the left most
panel. The middle panel represents the experimental data along with the theoretical fitting with
SF and WL for normalized magnetoiconductivity (G, inverse of magnetoresistivity). The right
most panel displays the comparison of the coefficients from the SF and WL contributions and
their variations with the temperature. Here, MT corresponds to Maki-Thompson contribution

which is considered as the major SF contribution.

. Activities of Qquantum Voltage Metrology:

Quantum standards are the
measurement systems based
entirely on the fundamental
properties. These have been
used for a variety of
metrology applications
because of their highest
accuracy and error free
measurement capabilities. At
CSIR-NPL, one of such
Quantum standards has been
established as ‘Programmable
Josephson Voltage Standard’
system, which is the primary
standard of voltage. It is based
on inverse ‘Josephson effect’
based Quantum phenomena
which relies on fundamental constants only. This system plays an important role in
electrical metrology as it is used to disseminate unit ‘volt’ throughout nation to
maintain tracebility. The measurement of electrical dc voltage is of enormous economic
importance as the equipment used every day should be calibrated in an uninterrupted
calibration chain, at the end with the primary voltage standard. This system has been

Established PJVS system at CSIR-NPL India for quantum
DC voltage metrology
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used for dissemination of unit ‘volt’ in India through calibration of national standards
(bank of Zener-diode based dc reference standard) at 1.018 V and 10 V. These Zener
standards further link all dc instruments to this primary standard.

Superconducting Nanowire Single Photon Detectors (SNSPD) and Microwave
Kinetic Inductance Detectors (MKID) - The division is engaged with activities related
to the SNSPD development as well as MKID development. Recently, bi-layer
superconductor systems such as NbGe/NbTiN were studied to evaluate them for both
applications. We have installed a 2K cryostat with optical and MW lines for light shining
and microwave experiments related to both MKID and SNSPD. Sample holder
modification was done to accommodate both optical fibres and MW lines up to the
sample. The figure shows the images of the 2K cryostat and the sample probe for the
cryostat.

2K Cryostat for SNSPD experiments
and the sample probe for the same
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Environmental Sciences & Biomedical Metrology

The Environmental Sciences & Biomedical Metrology division strives to serve the nation
through its scientific research & development capabilities in the area of Atmospheric
Science and metrology, Gas metrology, Biomedical metrology and Sensor devices for
atmospheric applications by developing best practices for accurate measurements and
quality research to serve the nation. Overall, the division generates huge data on various
aspects of atmospheric components like, GHGs, Trace gases, Aerosol physics, chemical
and optical properties, Solar radiation in UV, short and long wave, different kinds of
biomass and fuel inventories that contribute to climate change activities. We also
provide primary calibration and traceability for gas standards, calibration facility for
surface Ozone measurements; testing calibration and certification of OCEMS and
CAAMQS; characterization of the ionized and non-ionized atmospheric media over
Indian Latitudes, Polar Regions and development of light weight pollution measuring
instruments. We are also engaged in establishment and realization of National
Standards for biomedical metrology and providing calibration facility services to
various stakeholders. At the same time, we also focus on the development of smart
sensors for the detection of electromagnetic radiations (UV, Visible, NIR) and
atmospheric pollutants. Thus, we have been consistently contributing towards the
development of science, technology, training and nation building.

Atmospheric Science and Metrology

The Environmental Sciences and Biomedical Metrology Division (ESBMD) is committed
to comprehensive monitoring of atmospheric pollutants, encompassing greenhouse
gases (GHGs), particulate matter, and emerging contaminants such as microplastics. Its
primary objective is to investigate the chemical and physical properties of these
pollutants and to assess their ecological and health impacts using advanced
instrumentation and modeling frameworks. The division is actively developing
standardized methodologies for accurate measurement of atmospheric trace species
and aerosols, intended for adoption by national agencies and institutions engaged in air
quality monitoring. This work is vital, as improved measurement techniques directly
inform evidence-based policymaking for air quality enhancement and climate change
mitigation. In parallel, ESBMD is advancing the design of cost-effective indigenous
monitoring equipment and establishing a national facility for type testing, calibration,
and certification of automated Air Monitoring Systems, particularly Online Continuous
Emission Monitoring Systems (OCEMS) and Continuous Ambient Air Quality Monitoring
Systems (CAAQMS). Beyond pollutant monitoring, the division undertakes frontier
research on ionized and non-ionized atmospheric conditions across Indian latitudes,
polar regions, and planetary environments. These studies address critical aspects such
as radio propagation for communication and navigation, atmospheric coupling
processes in the lower and upper atmosphere, ionospheric precursors to earthquakes,
and other societal and strategic applications. Additionally, ESBMD provides global users
with ionospheric forecasting services through the Space Weather Regional Warning
Centre (RWC, NPL-India), reinforcing its role as a national and international leader in
atmospheric sciences and metrology. The following section highlights the recent
research contributions of the Atmospheric Sciences and Metrology group.
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Atmospheric Brown Cloud and its Effects in IGP: Atmospheric brown clouds
(ABCs) are widespread hazy accumulation of particles and gases dominant with
absorbing nature impacting the air quality, hydrology and climate. The presence of
absorbing components such as black carbon (BC), brown carbon (BrC), mineral
dust, fly ash along with oxides of nitrogen in ABCs makes its appearance as a
brownish haze in the sky. ABCs cause significant regional surface dimming by
blocking the incoming solar radiation resulting in a cooling effect on the surface
while warming of the atmosphere. The Indo-Gangetic plain (IGP) being an ABCs
hotspots is prone to extreme pollution episodes due to anthropogenic activities.
However, there is a limited study that specifically compares episodes of absorbing
aerosols (ABCs) and comparatively non-absorbing aerosols (non-ABCs) along with
their respective radiative impacts over the IGP. We have used ground-based
remote-sensors’ retrieved datasets from AErosol RObotic NETwork (AERONET) to
study spatio-temporal variation of ABCs’ frequency and associated radiative
properties across the IGP region during 2001-2019. The shortwave aerosol
radiative effect (ARE) during ABC and non-ABC episodes is estimated using Santa
Barbara DISORT Atmospheric Radiative Transfer (SBDART) model. Our results
show significant spatial variability in the frequency of ABC episodes across the IGP
stations with ~17 + 5%, ~19 + 11% and ~18 + 13% average occurrence during
winter, pre-monsoon and post-monsoon seasons, respectively. ARE estimations
show enhanced surface dimming (ARESRF) and atmospheric warming (AREATM)
during ABC episodes as compared to non-ABC episodes. A general increasing trend
for ARE is observed as we move from west to east across the IGP due to the
meteorological and geographical variations in the region. Our results show day-
time averaged ARESRF varying between -142.46 + 25.13 and -56.66 + 6.88 W/m?
while AREATM ranging from 58.07 * 2.58 to 132.69 = 7.43 W/m? for ABC
episodes. Though ABC episodes show lower aerosol loading as compared to non-
ABC episodes in our study, we found higher atmospheric heating during ABC
episodes mainly due to distinct chemical composition (lower single scattering
albedo) of absorbing aerosols. The upper bound of the difference between
atmospheric heating rate during ABC and non-ABC episodes is found to be 0.48 +
0.27 K/day.
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o Impact of Aerosol types on UVR: Atmospheric aerosols play a crucial role in the
scattering and absorption of solar radiation, directly influencing the UV flux
reaching the Earth's surface. We have investigated the impact of different
atmospheric aerosol types on the ultraviolet (UV) flux at four stations over the
Indo-Gangetic Plain (IGP), namely Kanpur, Jaipur, Karachi and Lahore. For this,
high-resolution 1° x 1+ UVA and UVB data were obtained from Clouds and the
Earth's Radiant Energy System (CERES). Various aerosol types present in the
atmosphere were categorized based upon their optical properties and their
quantitative influence on UVA and UVB flux was examined. Ground-level aerosol
products were obtained from the NASA-based Aerosol Robotic Network
(AERONET) at four stations in the IGP. Based on the optical properties of aerosols
(fine mode fraction, single scattering albedo, aerosol optical depth and angstrom
exponent), four distinct atmospheric aerosol types were inferred, namely dust-
dominant (DT), polluted-continental dominant (PCD), black-carbon-dominant
(BCD), and organic-carbon-dominant (OCD). The DT shows a higher contribution
over Karachi and Jaipur at 55.48% and 30.80%, respectively, while a lesser
contribution is seen at Lahore and Kanpur, with 16.01% and 9.45%, respectively.
This large concentration of DT is due to dust deposition over the IGP region, which
is transported from the western region (i.e., the Thar Desert). Due to high
anthropogenic activities (i.e.,, mining, industrial wastes, vehicular emission) the
PCD were found to be maximum at Lahore, with 22.31%, whereas there was
17.98% at Kanpur, 19.92% at Karachi and 15.60% at Jaipur. From a regional
perspective, at Kanpur the most-contributing aerosol type was BCD (43.32%), the
second highest OCD (29.73%) and then PCD (17.98%) and DT (9.45%). At Jaipur,
BCD (37.32%) had the highest contribution, followed by DT (30.80%), OCD
(16.28%) and PCD (15.60%). At Karachi, DT showed the highest contribution, with
55.48%, followed by BCD (21.55%), and OCD the showed minimum with 3.34%. At
Lahore, OCD with 31.74% shows the highest concentration, then BCD (29.95%),
followed by PCD (22.31%) and DT (16.01%). It is observed that the AOD of
different aerosol types when separated do not seem to have made significant
effects on UVA/B radiation (except at Kanpur), possibly due to the statistically
smaller data set. For the entire combined AOD, the effects on UVA/B became quite
significant at all the stations, which shows that a unit rise in AOD leads to a
reduction of 5-7 Wm-2 in UVA and 0.14-0.23 Wm-2 in UVB.
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Seasonal Variation of Size-Segregated Aerosols in Central Delhi and their
Deposition Patterns in Human Respiratory System - Seasonal patterns and
potential exposure of size-segregated particulate matter (PM) were studied in
central Delhi from January 2021 to December 2022. A total of 79 samples were
collected using an eight-stage Andersen cascade impactor. The samples were
categorized as submicron (PM<o43-1.1), fine (PM1121), and coarse (PMz2.1->9)
fractions of PM. During 2021, average mass concentrations of submicron, fine, and
coarse PM were 67.2+10.7, 33.6+5.7 and 124.1+9.1 pg/m3 respectively. During
2022, the corresponding average mass concentrations were 55.1+7.5, 25.8+3.6
and 117.2+8.9 pg/m3 respectively. The submicron and fine particles were more
prevalent during the post-monsoon and winter seasons, while coarse particles
were more pronounced during summer. The log-normal mass-size distribution
displayed a bimodal pattern during the winter and the post-monsoon seasons of
2021 and 2022. Conversely, summer and monsoon seasons exhibited unimodal
distributions. The inhalation dose was calculated for all seasons, found in the order
post-monsoon> winter> summer> monsoon. Total, regional and lobar depositions
of size-segregated PM in respiratory airways of various age groups were also
quantified using the multiple-path particle dosimetry model. The right lung is
divided into three lobes, i.e., the right lower lobe (RL), right middle lobe (RM), and
right upper lobe (RU). In contrast, the left lung has two lobes namely the left lower
lobe (LL) and left upper lobe (LU), to accommodate space for the heart. It was
observed that lower lobes had higher depositions compared to upper/middle
lobes, while the middle lobe had the lowest depositions in all three size fractions.
The different path lengths and lobes’ volumes were responsible to the observed
differences in particle depositions. Lower lobes with higher volumes exhibited
higher depositions, whereas middle lobes with lower volumes had lower
depositions. Among different age groups, the deposited concentrations ranged
from 35-51% for inhaled submicron particles, 57-68% for fine particles, and 89-
96% for coarse particles, respectively. The deposited mass in respiratory airways
was maximum for coarse particles in summer, while maximum in winter for
submicron and fine particles in all age groups.
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o Investigation of Junction Frequency Separation in Vertical Incidence
Ionogram Traces at a Low-Mid Latitude Indian Station, New Delhi: lonosonde
Observations - lonogram traces in the F-layer split into two modes—ordinary (0O)
and extraordinary (X)- due to magneto-ionic splitting, where a transmitted pulse
propagates in two distinct ways under Earth's magnetic field. This magnetic
influence also causes ionogram traces to exhibit double-hop echoes, where an echo
reflects off the ground and is then re-reflected by the ionosphere, highlighting the
ionosphere as a doubly refracting medium. We analyzed the separation in Junction
frequencies (JFs) of the O and X modes in vertical incidence ionogram traces over a
seven-year period (2014-2020), covering the declining phase of the solar cycle
from maximum to minimum. At the low-mid latitude Indian station in New Delhi
(28.6°N, 77.2°E), the expected mode-splitting difference is 0.67 MHz. However,
anomalous JF separations exceeding 21% were observed. Further, analysis
revealed that over 30% of ]JFs exhibited anomalies across different seasons, with
the highest occurrence in summer, followed by equinox and winter. JFs displayed a
diurnal variation, with greater fluctuations during solar cycle maxima and reduced
variation during minima. Additionally, we identified a correlation between JFs and
ionospheric perturbations caused by phenomena originating from both the lower
and upper atmosphere.
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Investigation of Anomalous Ionospheric Signature as Precursor to
Earthquakes at Low-Mid Latitude Indian Station, New Delhi - We have
examined the ionospheric response to a magnitude 6.6 earthquake that occurred
in the Hindu Kush region of Afghanistan on March 21, 2023. This seismic event
impacted the ionosphere in the Indian region. Our analysis utilized critical
parameters of the F2 layer (foF2, hmF2), obtained through Digisonde
measurements from a low-mid latitude Indian station located in New Delhi
(28.6°N, 77.2°E, 19.2°N geomagnetic latitude, 42.4°N dip).The routine day-to-day
fluctuations in the ionosphere are removed by computing variations in the critical
frequency and peak height of the F2 layer (AfoF2, AhmF2) in comparison to its
standard normal behaviour during quiet periods. We observe noteworthy
disturbances in the ionospheric F2 region over Delhi about 5 days before the
earthquake event, leading to a substantial variation in peak electron density of
approximately 120%. These observed perturbations suggest the potential
existence of seismo-ionospheric coupling, given the solar and geomagnetic indices
remained relatively quiet and stable during the period. Notably, the precursory
impact of the earthquake was observed beyond the designated earthquake
preparation zone, as outlined by Dobrovolsky et al. (1979).
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Seasonal and Diurnal Variability of PM25 Concentration along with the Role
of Wind Patterns over Different Locations of Delhi during the Years 2018 to
2022 - The study assesses the seasonal and diurnal variability of PMzs
concentrations across five distinct locations of Delhi—industrial, commercial,
residential, traffic, and green areas—using CPCB CAAQMS data from 2018 to 2022,
with a focus on the role of wind patterns. PM2s concentrations were highest
during the post-monsoon and winter seasons (up to 300-350 pug/m?) due to low
mixing heights, cold temperatures, and agricultural residue burning emissions. In
contrast, monsoon season concentrations were lowest (<100 pg/m?) due to rain-
induced washout. Diurnal patterns revealed consistent morning and night peaks
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caused by traffic, cooking emissions, and boundary layer dynamics. Spatially,
industrial areas recorded 25% higher PMzs concentration than green areas and
8% higher than commercial areas, with pollution hotspots identified in North and
East Delhi. A significant negative correlation between PM2 s concentrations and
wind speed highlighted the dispersive role of wind. Additionally, a decreasing
trend of approximately 15% in PMzs concentrations was observed from the pre- to
post-COVID period, reflecting the impact of reduced anthropogenic activities and
stricter pollution controls. These findings underscore the need for targeted
mitigation strategies such as reducing industrial and vehicular emissions,
expanding green cover, and incorporating meteorological data into air quality
management efforts in Delhi.
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Long-term Characteristics of Ambient Trace Gases Delhi- The study examined
the long-term characteristics and relationship of atmospheric ammonia (NH3)
with other trace gases (NO, NOz SOz and CO) at highly polluted urban
agglomeration of Delhi, India. Measurements of ambient trace gases (NHz, NO, NO,
SOz, and CO) and meteorology were recorded at the observational site of Delhi
from 2011-2022. Overall mean levels of NH3, NO, NO2, SO, and CO were 18.9+5.0
ppb, 19.9+4.8 ppb, 19.1£5.3 ppb, 2.15+£0.38 ppb, and 1.47+0.42 ppm, respectively
during 2011-2022. During study, a significant diurnal and seasonal variation in
levels of NH3, NO, NO2, and CO were monitored except SOz level. During all the
seasons, the levels of trace gases were observed higher during night time and
lower during day time. Correlation analysis reveals that the higher loading of NO,
NO2 and CO influenced the level of NH3 at the study site. To improve the ambient
air quality of the Delhi the pollution control authority had planned to reduce the
concentration of particulate matter (PMz2s and PM1o) up to 40% by the year 2024
when compared with base year 2017 under the National Clean Air Program
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(NCAP) initiative. The ambient NH3z, NO, NO2 and SO are the precursors gases of
secondary aerosol formation through gas-to-particle conversion. It shows that the
overall reduction in (from 2017 base year) NH3z, NO, SO; and CO as -10.2%, -
16.5%, -5.3% and -21.9%, respectively except NO2. The reduction in
concentrations of these trace gases indicated the possibility of reduction in
particulate matter (PM25 and PM1o) in Delhi after 2017.

Sources and Health Risks Assessment Trace Elements of PMz s in Delhi, India-
The study investigated the concentrations, seasonal variations, sources, and
human health risks associated with exposure to heavy elements (As, Al, Pb, Cr, Mn,
Cu, Zn, and Ni) of PMz5 at an urban location of Delhi, from January 2013 to
December 2021. The average mass concentration of PMzs throughout the study
period was estimated as 127 + 77 ug m->. The heavy elements, Al (1.24 ug m-3), Zn
(0.50 pg m-*), Pb (0.23 pg m-3), Cr (0.21 pg m-*), Cu (0.17 ug m-*), Mn (0.07 pg m-
%), and Ni (0.01 pg m-3) exhibited varying concentrations in PMz;s, with the highest
levels observed in the post-monsoon season, followed by winter, summer, and
monsoon seasons. Six primary sources throughout the study period, contributing
to PM2s5 were identified by Positive Matrix Factorization (PMF), such as dust
(paved/crustal/soil dust: 29.9%), vehicular emissions (17.2%), biomass burning
(15.4%), combustion (14%), industrial emissions (14.2%) and Br-rich sources
(9.2%). Health risk assessments, including hazard quotient, hazard index, and
carcinogenic risk, were computed based on heavy elements concentrations in
PM;s. Elevated hazard quotient values for Cr and Mn linked with adverse health
impacts in both adults and children. High carcinogenic risk values were observed
for Cr in both adults and children during the winter and post-monsoon seasons, as
well as in adults during the summer and monsoon seasons. The combined hazard
index value exceeding one suggests appreciable non-carcinogenic risks associated
with the examined elements.
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Annual (2013-2021) source profiles and % source contribution of PM; s extracted by PMF
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Design and Development of 3D Scanning Lidar for Airport Application is
Under Progress- Information on the atmospheric condition is very critical in
aviation field for the safe landing and take-off of the aircraft. The real time data on
the structure, position and composition of cloud, pollution layers, volcanic ash, and
fog layers are necessary for safe movement of aircrafts. The data on vertical and
slant visibility also an important parameter for the aircrafts. The clouds with huge
vertical extend, clouds contain ice crystals etc. create problem for the
communication though radio signals by the aircraft. In order to cater to this need
we are working on the design and development of a 3D scanning lidar as part of a
CSIR sponsored project FBr010302. The optical components design, and lidar
control software is completed. The assembling of the lidar system will be
completed in due course of time. The figure shows the transceiver (transmitter
and received part of the 3D scanning lidar system).

Transceiver of the JD scanning lidar

Assessment of Impact of Climate Change on Endangered Taxus Species in the
Indian Himalayan Region

A study was conducted to assess the potential distribution of Taxus species (Taxus
contorta and Taxus wallichiana) within the Indian Himalayan Region (IHR),
utilizing species distribution models MaxEnt for different climate change
scenarios. The study used geocoordinates of existing populations of Taxus species
from field surveys, scientific literature and the Global Biodiversity Information
Facility (GBIF) web portal, and environmental predictors from WorldClim web
portal (Shared Socioeconomic Pathways - SSP126, SSP345, SSP370, SSP585) to run
the models. The Jackknife test was performed to identify the most influential
parameters.

The projections identified the IHR as the current distribution area for both the
species. However, by the 2050s, highly potential area of T. wallichiana under
SSP126 shrinks to 4,960.4 km?, while T. contorta sees the largest decrease under
SSP345 (6,866.7 km?). However, by the 2070s, range of T. wallichiana increases to
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14,693.5 km? under SSP585, and T. contorta grows by 11,060.69 km? in the 2100s
under SSP126. Furthermore, Srad 5 and BIO17 were identified as the most
influential predictors for T. wallichiana and T. contorta respectively. Overall, the
findings of current study will be essential for guiding future conservation and
management efforts in the region.

"

Potential distribution of (a) T. wallichiana and (b) T. contorta in the [HR in under current
climatic scenario (Source: Rajlaxmi et al. 2024, Predicting the current and future potential
habitat of Taxus species over Indian Himalayan Region using MaxEnt model

Microplastics as Emerging Contaminants in Urban Street Dust of Delhi, India
- Microplastics have emerged as environmental contaminants recently due to the
extensive use, durability, and cost-effectiveness of plastic. The study was
performed to observe the spatial distribution and characterization of microplastics
in urban street dust across distinct locations of Delhi, a city experiencing high level
of pollution. Sampling was carried out across diverse land use types, including
industrial, commercial, landfill, and institutional zones. This was followed by
systematic pretreatment and extraction procedures, along with advanced
characterization techniques. The analysis confirmed the presence of microplastics
in the street dust of Delhi, with varying morphologies indicative of heterogeneous
sources. Morphological characterization revealed a predominance of fibres,
fragments, and films shaped microplastics. These findings highlight the
widespread contamination of urban environments by microplastics and emphasize
the urgent need for targeted mitigation strategies. Also, the study contributes to
the growing body of research by supporting the achievement of Sustainable
Development Goals (SDGs) by contributing to targets related to good health and
well-being (SDG 3), sustainable cities (SDG 11), responsible consumption and
production (SDG 12), and the protection of terrestrial and aquatic ecosystems
(SDGs 14 and 15).
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Stereomicroscopic images of various microplastics types identified in street dust
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Gas Metrology

Gas Metrology is disseminating SI traceability through measurement services in area of
calibration, testing and primary reference gas mixtures (Gas-BNDs) to its stakeholders
who are gas industries, accredited laboratories, regulatory bodies like CPCB/SPCB,
academic institution, CSIR-Sister laboratories etc. These indigenously prepared SI
traceable reference gas standards are saving the outflow of foreign currency. Following
are the gas metrology achievements in year 2023-24:

o Gas Metrology International Peer Review - PEER REVIEW of Gas metrology
was completed successfully without any Nonconformance on 22rd and 234 Feb
2024 for both its technical and quality system as per ISO/IEC 17025:2017 and
ISO 17034: 2016 and applied for 04 nos of CMCs in gases. Technical Expert was
Dr. Jin Sang Jung, Head of Gas Metrology Group from KRISS (Korea Research
Institute of Standards and Science; NMI of Korea). Mr S. C. Huria was the Quality
Expert from India.

o Technology Transfer- “Six-stage Bioaerosol Sampler and Mask Testing Setup”
technology developed during 2022-2023 under project MLP 201232 is transferred
to M/s Envirotech India Pvt. Ltd., Delhi on 18t April 2023.

o Patent Granted- One patent titled “Design and development of a high-volume PMz 5
impactor” granted in India on 15t November 2023 (Indian Patent Application No.
201711013523; Filling Date: 17.04.2017; Patent no: 464709). Name of Inventors
are Aggarwal Shankar G, Patel Prashant, Tsai Chuen Jinn, Soni Daya, Singh Khem,
Kotnala Ravinder Kumar, Tomoaki Okuda , Gupta Prabhat Kumar, Ojha Vijay Narain,
Aswal Dinesh Kumar

o Traceability Dissemination Services through Gas-BNDs, Calibration &
Testing- Traceability is disseminated to the customers through Gas-BNDs,
Calibrations and testing and 24 numbers of certificates were issued.

o Following Technical Service Projects (TSPs) are started in the year 2023 which
will be continued till 2025.

1. Testing of high flow air purifiers (to be installed at new parliament building):
M/S Siddhivinayak Tradelinks, Mumbai
2. Testing of air monitoring instruments: M/S Kenteck India Pvt. Ltd. New Delhi.

Biomedical Metrology

o Biomedical Metrology Section at CSIR-NPL Developed an Automated
Calibration System and Calibration Setup - Researchers at the Biomedical
Metrology Section of CSIR-NPL have developed an automated system for
calibrating flow using the gravimetric method. This system is capable of
calibrating infusion device analyzers and infusion devices with volumes ranging
from 10 mL to 900 mL. Additionally, the section has established a calibration setup
for occlusion pressure of infusion device analyzers in accordance with the DKD-R
6-1 Guideline.

The automated flow calibration system utilizes a high-precision balance to
measure the mass of fluid delivered by the infusion device. This method ensures
accurate and reliable calibration results. The calibration setup for occlusion
pressure measures the pressure required to occlude the flow path of an infusion
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device analyzer. This calibration is essential for ensuring the safe and effective
operation of these devices.

The development of these calibration systems is a significant contribution to the
field of biomedical metrology. They will help to ensure the accuracy and safety of
infusion devices, which are critical for the delivery of medications and other fluids

to patients.
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Advanced Materials & Device Metrology

The highlights of different sub-divisional research activities for the year are as below:

Development of Printable Perovskite Solar Cells - CSIR-NPL investigated in
details the effect of in-situ substrate heating on the growth of perovskite crystals
towards getting high performance printed PSCs. All the layers like electron
transport layer (ETL), perovskite layer and hole transport layer (HTL) were
printed by slot die method. Perovskite layer was printed via two step method,
where first Pbl; film was printed and then methyl ammonium iodide (MAI) ink
was printed to convert it into methyl ammonium lead iodide (MAPbI3) perovskite.
The crystal growth and nano-scale morphology of printed Pbl; films is observed to
affect the growth of perovskite crystals thereafter. It was difficult to convert the
compact Pbl; film completely into MAPbIz via subsequent printing of MAI,
therefore we came up with an idea of multiple print cycles of MAI on Pbl,. The
optimized print cycles of MAI led us to achieve complete conversion of Pbl; into
high quality MAPbI3 crystals, which resulted in PSCs having power conversion
efficiency (PCE) up to 11.99%.

12
. |
% Og=ssmns Jee = 19.58 mACM2  po--eeomonq-am to-m
E, Vee= 0051V ,‘ > gy ————gy
< FF = D77 | W
E PCE = 14 35% + &
Z . 10 = / E i85}
4 4 =
2 J E
i S g
s__-‘ o o = b4
5 -
G oy o2
(b) ©)
24— . 00y T —— —
0z 0o 02 04 06 0@ 10 s S 10 15 20 B A0 35 a0
Yoliage (V) Dy
-
' -
— gl Jdw=1®10mARm2 | [ VO g i = e e AL, ey i
® Vie= 0,951V #
= FF=073 4 w ned
E PCE =11, 21% ! I
2 4 / E 1
B ' # =
g 3 E
= 5
= P 3¢ 04
B -
316 i e azd
(d) ! (e) o fy
20 e e e L T i 0.0

1 5 10 15 20 15 a0 85 40

T T T
-02 oo 02 o4 (TN o8 1.0 Diarys

Valtage (V)

(a) Schematic structure, (b) J-V characteristics and (c) degradation profile of the spin coated
solar cell with BAI capping layer stored in air without encapsulation. (d) Schematic structure,
(e) J-V characteristics and (f) degradation profile of the spin coated solar cell with OAI capping
layer stored in air without encapsulation

Thermally Deposited Hole Transport Layer in Perovskite Solar Cells: CuSCN -
CSIR-NPL developed solution-processable deposition of copper (I) thiocyanate
(CuSCN) thin films which could be widely used as hole transport layer (HTL) in
optoelectronic applications, namely perovskite and organic solar cells. We have
grown CuSCN thin film via thermal evaporation as an efficient, eco-friendly and
scalable HTL in inverted perovskite solar cells as an alternative and solvent free
approach to the conventional solution-processed methods. The structural,
electrochemical, optical, and morphological properties of the CuSCN films have
been characterized. The long-term electrochemical and optical stability of
thermally deposited CuSCN films were examined. The effect of CuSCN film
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thicknesses (20, 30, 40, 60, and 100 nm) and annealing temperatures (RT, 50, 100,
150, and 200°C) of CuSCN films on the photovoltaic performance were also
investigated. The optimized device configuration
ITO/CuSCN/MAPDI3/PCs1BM/BCP/Ag with 30 nm thick CuSCN film annealed at
100°C for 10 min exhibits the maximum power conversion efficiency (PCE) of
15.71% with Vo = 1.01 V, Jsc = 20.2 mA/cm?, and FF = 0.77. For reference,
perovskite solar cells without HTL have been also fabricated simultaneously.
Importantly, the thermally deposited CuSCN based devices show excellent
reproducibility and stability up to 240 h with ~89% retention of the initial PCE. It
demonstrates a new methodology for obtaining better CuSCN film by thermal
deposition technique for efficient, sustainable and scalable electronic device
applications.
]
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Recycling of Plastic Wastes - We have developed a single-step delamination and
demetallization process for multilayer plastic waste via exploiting a strategic
combination of aqueous alkali and liquid organic medium, making the process safe,
scalable, environment-friendly (no solvent fume hazard or disposal issues) and
economically viable (due to cheap liquid medium and its regeneration and
subsequent reuse). Similarly, work related to the waste pharmaceutical blisters
(WPBs) is completed to identify the optimized conditions, ultimately affecting the
delamination of aluminium and plastic fractions of WPBs by selective
etching/dissolution of the binder layer sandwiched between the two, thus
ensuring very high recovery rates, reduced loads on materials reserves, energy
savings, waste to wealth realization, maintenance of circular economy and reduced
carbon foot prints.
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Recovered polymer from multilayer plastic Recovered polymer and aluminum foil
waste using single-step delamination and from waste pharmaceutical blisters
demetallization process

. Spectroscopic Studies on CVD-grown Monolayer, Bilayer, and Ribbon
Structures of WSe; Flakes - CSIR-NPL demonstrated a lab-built CVD setup used
to synthesize different 1L, 2L, shapes (triangles and hexagons of the synthesis and
spectroscopy of WSe; flakes along hexagons), and stacking morphologies of WSe>
flakes. The morphologies of the WSe; flakes were examined using different growth
parameters, such as the growth temperature, promoter (KBr) mass, Hz gas flow
rate, and deposition time, confirming that these parameters play a crucial role in
obtaining the different nanostructures. In addition, the synthesis pathway of WSe;-
RS was elucidated comprehensively on the basis of droplet motion. The features of
the layer-stacking patterns were investigated using optical microscopy, SEM,
Raman, PL, TEM, XPS, and AFM, confirming that the WSe; flakes are of good
quality. Raman and PL spectroscopies were used principally to examine the quality
of the as-synthesized WSe; flakes (1L and 2L) and their RS. Furthermore, the
spatial distribution of the as-synthesized WSe; flakes, including different vertical
stacking of triangles, hexagon, and varying the RS, was examined through Raman
mapping of the Elz; (in-plane) mode, which confirmed that the flakes are uniform
in nature. Moreover, PL spectra and mapping also confirmed that the obtained
monolayers are of high quality. Hence, these results offer a platform for the
synthesis of new emerging 1D-on-2D structures and the design of optoelectronic
devices.
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(a) Comparison of PL spectra for 1L, 2L, and bulk WSe2 over the Si/SiO2 substrate. For clarity,
the PL spectrum of 2L. WSe2 is magnified, as indicated. (b) PL spectra of WSe2 -RS deposited on
the Si/Si02 substrate, where the inset shows an optical image of the WSe2-RS (scale bar, 5 mm).
(c) PL spectra of triangle and hexagon shapes of 1L-WSe2 obtained at the center of the flake. (d)
Peak analysis of the A exciton peak in both flake shapes, where the peak is fitted with two Voigt
functions. The different line types of circular dots (black), red, blue, and magenta traces
represent the experimental data, fitted data, A0 exciton, and A- trion, respectively. (e) and (f) PL
mapping with respect to the A exciton peak in the WSe2 triangle shape, for the peak intensity
map (e) and the peak position map (f). The notation has the usual meanings

Development of Three-dimensional CNT-rGO/PDMS Porous Scaffold Derived
Super compressible Lightweight Body-mounted Piezoresistive Force Sensor
for Human Motion Monitoring - CSIR-NPL successfully demonstrated a 3D
porous scaffold-based sensor which is integrated with high piezoresistive force
sensitivity and super-compressibility. A porous PDMS sponge is synthesized via
facile method, infused with dual conductive networks of carbon nanotubes (CNTs)
and reduced graphene oxide (rGO) that synergistically improve the electrical and
sensing properties. In present investigations, the parameters that influence the
efficiency of the piezoresistive sensor are accurately optimised. Hybrid sponges
with varying rGO, CNT concentrations were prepared to determine the best
composition. The drop-by-drop solution casting of nanomaterial ink allowed
control of the microstructure. The sponge with ~60 wt% CNT and ~40 wt% rGO is
the optimised composition that creates an efficient piezoresistive transduction
mechanism. Dropping cycles also play a vital role in affecting the piezoresistivity of
the sensors has been observed. After proper analysis 4-5 dropping cycles
(1 mg/ml) of hybrid ink is considered ideal to generate a viable piezoresistive
sponge as small number of dropping cycles were insufficient to form conducting
paths, whereas more dropping cycles caused agglomeration of nanomaterial and
show a percolation threshold thereby increasing the mass. A comparative
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piezoresistive force study shows that hybrid/PDMS show better linearity, wide
sensing range and better sensitivity as compared to pure CNT/PDMS and pure
rGO/PDMS sponges. It is attributed to the better interfacial contacts, high
electron/phonon transfer, low intertube slippage and reduction in phonon
scattering between CNTs and rGO. The sensor shows super compressibility upto
90%, durability for 2000 cycles and 38 ms/32 ms response/recovery time. The
sensor is capable to detect flexion generated while joint movements of finger,
wrist, elbow and knee as shown in the following figure. It can also measure
different gait patterns while walking, jogging, squatting, sitting, standing and
analyse gait speed, stride length when integrated on a shoe sole thereby revealing
its potential application in personal health monitoring, soft robotics and wearable
electronics.
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Developments of AgBiS: Quantum Dot-based Multilevel Resistive Switching
Device- The quantum dot of metal sulfide has been developed for low power
electronics. AgBiSz QDs have been synthesized with a particle size of 5.9 _ 1.4 nm.
These are used to fabricate an Al/AgBiS;/ITO memristive device which exhibits
electroforming-free bipolar RS behaviour at very low switching voltages of +0.3
V/_0.25 V for sweep signals. The device also shows a high endurance for 500
cycles of +0.7 V/_0.7 V (set/reset) pulse signals. The RS behaviour of the device is
mainly derived from the accumulation and depletion of the Ag* ions and sulfur
vacancies under an external applied field. The device can be set to 5 different
conductance levels of 1G0, 1.5G0, 3G0, 4G0 and 5G0. This is primarily because of
the atomic size of the conducting filament. The absence of electron scattering in
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the atomic size range leads to ballistic transport of the electrons and eventually
results in the quantization of conductance.
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(a) Bipolar switching I-V characteristics of the AgBiS, memristor device. (b)LRS and HRS state of the
device upto 500 cycles with a pulse width of 100 ms at read voltage of 0.01 V

. Development of Solution-processed Metal Oxide Electron Transport Layer
for MAPbI3; Optoelectronic Device Applications - A stable and solution-
processed Mg-doped ZnO thin films was fabricated for MAPbI3 based
photodetectors (PD). The highest responsivity for ZnO devices and Mg-doped ZnO
PDs devices is 40 mA/W and 609 mA/W in the UV region of Illumination. The
multiple ON-OFF cycles of both devices at different wavelengths of light
illumination show good stability and reproducibility. The LDR of the Mg-doped
ZnO photodetector is three times higher than ZnO photodetectors for white light.
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Advanced Carbon Products and Metrology

o Carbon Nanofibers Decorated Cu-MOF as Free-standing and Flexible
Electrode for Robust Electrochemical Energy Storage

The development of green and renewable materials for energy storage and
conversion technologies promises humankind a dependable hope for a clean and
green future that is decoupled from the use of conventional fossil fuels. Among
existing energy storage devices, super capacitors are emerging as a credible
candidate owing to their superior characteristics, such as rapid charge-discharge
rate, high stability, long cyclability, and economical cost. In the present work, one
of the most prevalent biopolymers, Kraft lignin, is employed as a precursor to
synthesize activated carbon nanofibers (ACNFs). The use of naturally sourced
Kraft lignin to develop ACNFs makes the process not only affordable but also
environment-friendly. The free-standing ACNFs are decorated with copper-metal-
organic frameworks (Cu-MOFs).
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Schematic for the synthesis of Cu-MOF@ACNF and FESEM images of Cu-MOF@ACNF

The Cyclic Voltammetry (CV), Electrochemical Impedance Spectroscopy (EIS), and
Galvanostatic Charge-Discharge (GCD) studies were performed to compare the
electrochemical performance of the Cu-MOF, ACNF, and Cu-MOF@ACNF as
electrode materials for supercapacitors. Among three electrodes, the Cu-
MOF@ACNF sheet reveals a higher specific capacitance of 303.2 F/g compared to
ACNF (203.3 F/g) and Cu-MOF (68.2 F/g) at the same current density of 1 A/g.
Based on the higher performance of Cu-MOF@ACNF two types of symmetrical
devices, i.e., aqueous (using electrolyte-impregnated filter paper) and solid-state
devices (using a polymeric gel electrolyte), were fabricated. The all-solid-state
supercapacitor device was found to feature high flexibility, stand-alone
characteristics, and excellent performance as an electrode with a working
potential window of 0-2.0 V. The device demonstrates a high energy density of
78.71 Wh/kg and a power density of 1050.0 W/kg, along with high coulombic
efficiency (99.8 %) after 10,000 cycles. The achieved performance is superior to
many published reports, revealing that the developed composite materials hold
prospect for applications in green and high-performance flexible energy storage
devices.
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https://www.sciencedirect.com/topics/materials-science/supercapacitors

Petroleum Coke Derived Reduced Graphene Oxide as an Electrocatalyst for
Water Splitting - One of the by-products produced in the petroleum refinery
industry is Petroleum coke or pet coke (PC). To make its use in the development of
high-cost value-added carbon products apart from electrodes in steel and
aluminum extraction is one of the areas of research interest among the scientific
community. The PC is a feedstock of carbon sources and has the potential to
produce more valuable carbon products such as graphite, pitches, graphene etc. It
reported heat treatment of PC at high temperature (2200°C) and its conversion in
to graphene oxide (GO) and reduced graphene oxide (rGO). The synthesized rGO
was investigated as an electrode material for water splitting, utilizing Nickel foam
(NF) as a substrate. The rGO obtained from PC heat treated 2200°C shows
remarkable electrocatalytic performance by showing lower over-potentials 169
mV (vs. RHE) for HER @10 mA/cm? current density and the Tafel slope of 108.23
mV/dec. For OER, the obtained over-potential of 400 mV (vs. RHE) @10 mA/cm?
current density and Tafel slope 104 mV/dec provides insight into using PC-derived
rGO application towards water splitting. This shows, PC derived rGO can be used
for the improvement of electrocatalyst performance in terms of stability,
efficiency, and large-scale production of green hydrogen as a clean & sustainable
fuel.

Torrefied Waste Rice Husk Biomass for Co-firing with Coal in Thermal Power
Plant - India is an agriculture-based economy with over 70% population
sustaining their livelihood from agricultural practices. Rice is one of the most
important food crops and feeds more than 66 % population of India. India is the
second largest producer of rice after China. The rice plant at the end of crop it
consists of straws and rice seeds. The rice seed consists of rice grain and rice husk
which is the hard-protective coverings of rice grains. The rice husk is separated
from the grains during milling process. Rice husk is an abundantly available waste
biomass material and it contains about 40-50% of organic carbon. In India, there
is ~30-40 million ton of rick husk available, it is a waste material and therefore
required effective management. Only a fraction of this residue is used as feed for
ruminants and for other uses like manure, in brick kilns and boiler, etc. Rice husk
biomass is renewable source and it can be utilized to produce heat and energy. But
the raw rice husk possesses high moisture content, poor grindingly, high oxygen
content, and low calorific value that makes it unsuitable.

CSIR-NPL team worked towards improvement of the physico-thermal properties
of rice husk biomass to compose it as a useful renewable source material for the
energy generation. In this direction, the rice husk torrefaction is carried out on an
electrically preheated rotating screw reactor without any carrier gas up to a
temperature of 300 °C. It is observed that volatile matter decreases, and fixed
carbon increases with increasing torrefaction temperature. The calorific value
increases from 15.27 to 19.16 M]/kg and bulk density from 110 to 270 kg/m3 at
temperature 300°C. On pulverization of torrefied product, bulk density is
improved to 550 kg/m3. The hard grove grindability index, which is an essential
property of the biomass when used with the combination of subbituminous coal
for co-firing, for rice husk is 15, and it was increased to 37 after the torrefaction at
300°C.

The torrefied rice husk can replace fossil fuels in cookstoves, rural industries,
industrial boilers, furnaces and in thermal power plant with co-firing with coal,
which can significantly reduce greenhouse gas emission.
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Development of Aligned CNTs Forest and its Application in Energy Storage
and Generation- The long length CNTs yarn and sheet have been developed from
a highly drawable and spinnable vertically aligned CNTs forest with millimeter
scale array height based on a practically viable single-step CVD growth process.
The NMP-treated CNTs sheet employed to develop Flexible hybris solid state
supercapacitor (FHSC) devices.
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Vertically aligned carbon nanotubes (VACNTSs) forest (a &b), Drawing of aligned
CNTs sheet (c), Flexible hybris solid state supercapacitor (FHSC) (d&e)

Development of Hybris SERS Substrate based on Graphene for its Application
in Sensing- The hybrid substrate based on silver nanostructures (AgNS) and
graphene have been devised to understand the role of pristine CVD grown
graphene on SERS signal and its possible mechanism. The developed hybrid SERS
evaluated for sensing of rhodamine 6G (R6G). The graphene with its ability to
modulate the electronic structure and tune it relative to the highest occupied
molecular orbital-lowest occupied molecular orbital (HOMO-LUMO) levels of R6G
molecules resulted in improved SERS signal by about an order for graphene-AgNS
hybrid structure as compared to bare AgNS.
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Schematic diagram representing the underlying SERS phenomenon in R6G/AgNS/graphene/Si
substrate and R6G/graphene/Si
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Under the FTT project entitled "Development of a Process Technology for
Preparation of Carbon Nanotube-based Flexible Paper of Size 1 Meter x 1
Meter," - A dedicated setup for producing CNT paper of this size has been
successfully designed and established. The prepared CNT paper has been
thoroughly characterized for its electrical conductivity, tensile strength, BET
surface area, and pore size. This innovative meter scale CNT paper holds
tremendous potential for various applications, including energy storage systems,
flexible thermoelectrics, electromagnetic interference (EMI) shielding, ballistic
resistance materials, structural composites, and water purification.

Designs of Fabrication set-up of meter scale .
flexible CNT paper Flexible CNT Papers

Design, Establishment and Fabrication of 1m x 1m CNT Paper

Carbon fibers have gained considerable attention due to their exceptional
properties, including lightweight, superior mechanical strength, excellent chemical
resistance, and outstanding durability. These characteristics make them
indispensable across a broad range of industries, such as aerospace, sports
equipment, medical devices, defense, energy sectors etc. As the demand for carbon
fibers continues to increase across these sectors, the development of cost-effective
precursors and production methods has become increasingly critical. Pitch based
precursors such as isotropic and mesophase pitch, have emerged as as promising
precursors for production of carbon fibers.

A Research Project in this area has been sanctioned by the National Technical
Textiles Mission (NTTM), Ministry of Textiles, Government of India. In this
project, the research is focused on synthesis of spinnable isotropic coal tar pitch
and mesophase pitch and fabrication of carbon fibers therefrom. The production
process involves several critical steps: starting from synthesis of precursors, melt
spinning to transform pitch precursors into pitch fibers, stabilization in an
oxidative environment to prevent pitch fibers from melting during subsequent
heat treatment, and subsequently carbonization at 1000 oC to convert stabilized
pitch fibers into carbon fibers with a carbon content exceeding 90%. Each of these
stages plays a pivotal role in determining the final properties and overall cost of
the carbon fibers. The spinnable pitch precursors and high-quality carbon fibers
can only be achieved though systematic integration of all steps. Each step is
associated with certain parameters which have to be optimized to make the
process effective and efficient. We are systematically optimizing these steps to
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streamline the process, reduce cost, and enhance the properties of the resulting
carbon fibers. It underscores the critical impact of modifications in precursor
processing, along with fine-tuning stabilization and carbonization parameters, on
enhancing fiber performance. It reveals that the carbon fibers with diameters
ranging from 18 to 25 pum have achieved tensile strength of 0.8 GPa and 1.40 GPa
for isotropic pitch and mesophase pitch, respectively. It further establishes the
viability of producing high-quality carbon fibers through a cost-effective and
scalable approach, addressing the increasing industrial demand for advanced
materials.
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Images of (A) isotropic pitch and (B) mesophase pitch-based carbon fibers
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Bharatiya Nirdeshak Dravya (BND®)

BND Division works under four verticals namely:

1. In-House BND

2. Chemical and Food BND group
3. Outreach RMP

4. BND Management

In-House BND

The In-House BND Section of CSIR-NPL plays a crucial role in developing Indian
Reference Materials for instrument calibration and works closely with Reference
Material Producers to create BNDs in sectors such as petroleum, pesticides, and
precious metals, ensuring high-precision measurement standards across the country.
Several advanced analytical capabilities have been established to support the
preparation and dissemination of indigenous reference standards. This group also
focuses on developing reference materials for sophisticated instruments, offering cost-
effective solutions that are fully comparable with internationally accepted standards.

Chemical and Food BND group

This group is involved in Chemical Metrology and development of CRMs/BNDs targeting
chemical parameters in various matrices like food, water, and building materials. These
BNDs are used by Testing Laboratories as a primary standard for calibration of
instrument, and development of methods. The BNDs developed by Chemical and Food
BND section are easily available to the stakeholders on competitive prices enabling the
calibration of their instrument on routine basis. During the fiscal year 2023-24, three
new BNDs and thirty six successive batches of BNDs had been disseminated to the
market that were developed in collaboration with RMP. The photo given below shows
the Selenium standard solution (BND® 1034), Bromate Standard Solution (BND® 1035)
and Conductivity Standard Solution (BND® 1041) which have been released on World
Metrology Day - 2023 and Foundation Day-2024.
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Outreach RMP

Outreach is involved in Coordinating efforts with external reference material producers
for seamless development.

BND Management

The BND management and BND outreach collaboratively identify the niche areas where
the indigenously developed CRMs are required. Further, to it they identify the
competent RMP to produce the BNDs at commercial level as per the criteria laid down
by CSIR-NPL quality system and BND management. Furthermore, BND management
team also organizes various stakeholder meetings time to time for creating awareness
and educating the industry partners to fulfill their requirements of CRMs. The BND
management team has established the necessary logistics for the registration,
certification, and dissemination of BNDs, as well as related activities to support
production which is a continuous exercise.

Research & Development Activities:

The BND Division of CSIR-NPL is actively engaged in cutting-edge research spanning
both fundamental science and metrology. The BND division contributes to nationally
significant areas through diverse and advanced research activities. The division’s
expertise covers biosensors, liquid crystals, electrochemical energy devices, magnetic
sensors, water purification technologies, magnetic materials, thin-films, polymer-based
materials, quantum materials, spintronics and the growth of high-quality single crystals.
In addition, we play a pivotal role in the development, preparation, and dissemination of
Bharatiya Nirdeshak Dravyas (BNDs), supporting India’s measurement standards and
ensuring quality at par with international standards for Indian industry and academia.

A brief outcome of research activity in the form of scientific papers is given below.
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High-tilt angle ferroelectric liquid 1ofation
crystal material in  surface
stabilised geometry (SSFLC) is EwEs
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dielectric spectroscopy e B fhore1
techniques. The first observation |
of Smectic layer reorientation (5°
to 45°) is by controlled cooling
rate and applying an electric field in the vicinity of transition temperature from
chiral nematic (N*) to chiral smectic C (SmC*) phase, stripe domain textures along
the rubbing direction are detected with quasi-bistable states. A dielectric
relaxation process at a lower frequency than Goldstone mode with an increase in
DC bias up to 2 V is observed in the sample cooled without any bias, it may have
originated from the heliconical structure within the stripes which is seen in the
optical textures recorded at the time of the dielectric scan.
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However, this increment is not observed in the sample
cooled under DC bias. This indicates that there exist
different phenomena in the high-tilt angle SSFLC sample
cooled in different conditions of DC bias; stripe domains,
smectic layers reorientation, heliconical stricture and
twisted structure within stripes which are significant to
explore deeply in high-tilt angle ferroelectric liquid crystals.
The results have found a place on the cover page of the
Journal [Liquid Crystals, 34 (2023) 182-189]
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Domain Reorientation due to Smectic Layer Instability in High Tilt Angle-
based Surface Stabilized Ferroelectric Liquid Crystal Cell - High tilt angle (45°)
ferroelectric liquid crystal (FLC) in surface stabilized geometry, having no chiral
smectic A (SmA*) phase, has been studied for the reorientation of the smectic
layers near the transition temperature (Tc). The electro-optical studies have
shown the stripe domain formation in which the liquid crystal molecules are
aligned along the rubbing direction, but the smectic layers are tilted away from the
rubbing direction at room temperature. In such high tilt angle FLCs, the molecular
alignment and smectic layer formation start from bottom and top rubbed grooves
at Tc. The domain formation of the FLC takes place in the middle of the top and
bottom surfaces due to the frustration of the dipolar interaction. The smectic layer
switching is observed by optical microscopy and confirmed by the dielectric
spectroscopy method near Tc of SmC* and chiral nematic phases. Domain
switching has shown a larger switching angle than the molecular tilt angle within
the smectic layer. These studies are expected to be significant for understanding
the smectic layer structure and the domain switching process, which may pave the
way for large optical switching devices.
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High-performance Flexible Supercapacitor based on Morphology-tuned
Polypyrrole/Molybdenum Disulfide Nanocomposites - Polypyrrole (PPy) is the
most studied material among the conducting polymers for high-performance
supercapacitors. However, due [

to morphology collapse, %
polypyrrole  exhibits  poor
cycling ability and lower charge
storage capacity, limiting its
real-world applications. To
address these issues herein, the
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charge-discharge cycles, a decline of 5.6% in the specific capacitance of PPyNTs/
MoS2 nanocomposite was observed. This outstanding performance of PPyNTs/
MoS2 nanocomposite resulted in designing futuristic flexible supercapacitors.

Optimizing the Fly Ash/Activator Ratio for a Fly Ash-Based Geopolymer
through a Study of Microstructure, Thermal Stability, and Electrical
Properties - Fly ash (FA)-based geopolymer was prepared using sodium
hydroxide and sodium silicate (in 2.5 ratio) as an alkali activator liquid (AL). The
condition of FA/AL was optimized for achieving 1.00, 1.25, 1.5, and 1.75 ratios by
varying the alkali concentrations, which are referred to as GP1, GP2, GP3, and GP4,
respectively. The influence of slight variations in the FA/AL ratio on
microstructure, morphology, functional groups, and composition was investigated
by X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM),
X-ray fluorescence (XRF), and Fourier transform infrared spectroscopy (FTIR).
FESEM detected a homogeneous fused matrix of fly ash and alkali activator
solution up to 1.5 ratios; GP3 showed a dense morphology. FTIR confirmed that
the formation of aluminosilicate gel induced a shift in the T-O (T = Si or Al)
asymmetric stretching band, nearing a lower frequency. XRD showed an
amorphous structure with phases, including quartz, mullite, hematite, and
sodalite. The thermogravimetry and differential thermal analysis (TGA-DTA)
indicated that the geopolymer samples were thermally stable. From this study, we
understood that the geopolymer possessed insulating properties.

Growth of Potential Nonlinear Optical Single crystal of Ammonium Penta
Borate by inexpensive slow evaporation solution growth method-Slow
evaporation solution technique (SEST) was employed to grow bulk size single
crystal of Ammonium Penta Borate (APB). Commercially available raw salt of
ammonium pentaborate tetrahydrate (NH4Bs0s-4H20) with high purity was used
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for the above said purpose. The solubility was examined using various solvents out
of which deionised water was found as most suitable solvent for the single crystal
growth. The saturated solution was prepared by taking raw salt of APB with
deionised water as solvent at ambient conditions with the help of magnetic stirrer.
The nucleation in the prepared solution was observed after 40 days and
continuous recrystallization was performed to improve the purity of the material.
The growth of bulk size single crystals was achieved after 45 days. The grown
single crystals of APB were found optically transparent and without any visible
inclusions. The grown single crystals were useful for lasing and optoelectronic
applications.

Preparation of SnSe Thin Films- SnSe has been made in-house using the solid
state reaction route and thin films have been deposited by thermal evaporating it.
These thin films have been characterized for their optoelectronic and gas sensing
properties. The effect of thickness on the p-n switching in SnSez /SnOx /SnSe
Heterojunction-based NO; Gas Sensor as well as Photodetector has been reported.
Similarly SbzSe3 thin films have been deposited and a highly responsive near
infrared Si/Sb2Ses photodetector via surface engineering of Silicon has been

reported. Sb2Ses nanosheet film-based

devices have found its application in
UV photodetection and resistive
ShySe; covered
Micro-pyramidal p-5i _‘: -

switching. Using the Sb2Ses thin films Micro-pyramidal -5i
Sb,Se3/CdS-Based Solar Cell has been f
made and its experimental and
theoretical analysis has been carried

out. Various configurations of SbzSes ’
thin films have been studied

theoretically for its solar cell ERp—— Final device

applications. Also, SnOz-based NO: gas sensor with outstanding sensing
performance at room temperature has been reported.

Chiral-fluctuations Mediated Helical to Paramagnetic Phase Transition and
Scaling Study in -Mn type CosZngMn4 Chiral Magnet- The magnetization and
ac susceptibility studies on a chiral cubic -Mn type CosZngMns alloy near the
onset of magnetic ordering temperature. The CosZngsMns alloy undergoes a
complex series of temperature-driven transitions from paramagnetic (Pm) to
helimagnetic phase through an intermediate inhomogeneous chiral fluctuations
phase. The Gaussian-shaped peak in x' (T, H = 0 Oe) at THM ~ =343.19 K is
analogous to that of the zero-field transition to the long-period modulated helical
state. Moreover, a pronounced field-induced anomaly in X'(T, H > 500 Oe) rises
quickly with field above Tum like a fingerprint, evidence of a field-induced
crossover into a precursor region. The in-field critical behavior characterizing a
ferromagnetic-PM phase transition in the vicinity of ordering temperature
confirms that CosZngMna chiral magnet belongs to the 3D-Heisenberg universality
class. The existence of a precursor region and the sizable expansion in the
transition temperature, Tc, can be explained by the Landau equation.
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(a) Magnetic field dependent real part of ac susceptibility (for h = 10 Oe and f = 9984 Hz) at
selected temperatures for CosZngMn, alloy. Inset shows field dependent imaginary part of ac

susceptibility showing skyrmion phase boundary at T = 340 K and 342 K. (b) Temperature-

magnetic (T-H) phase diagram for CosZngMn4 alloy constructed using magnetic ac susceptibility,

x(H, T) data. The abbreviations used are: Fu: ferromagnetic, IM: intermediate, Pu: paramagnetic,

and Hwm: helimagnetic and the black dotted lines are guides for the eyes.

In-field Critical behaviour of -Mn type CoZnMn Skyrmion-host - An elaborate
in-field critical behaviour study based on magnetic isotherms measured in the
vicinity of ordering temperature of a polycrystalline cubic f-Mn type Co7Zn7Mns
alloy is presented. The Rhodes-Wohlfarth analysis suggests the itinerant character
of this chiral magnet. The critical exponents B, y and & for spontaneous
magnetization, initial magnetic susceptibility and critical M-H isotherm,
respectively are evaluated through the modified Arrott plots, Kouvel-Fisher
method and critical isotherm analysis. The estimated critical exponents f =
0.382(1), y = 1.386(2) and 6 = 4.628(1) corroborate that the critical behaviour of
the Co7Zn7Mn6 system is akin to that of a three-dimensional (3D) Heisenberg
ferromagnet. Based on the renormalization group theory predictions, the magnetic
moments in the Co7Zn7Mne chiral magnet are found to interact through the
attractive extended-type short-range interactions between spins.
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(a) Magnetic isotherms in the vicinity of T. (b) Isothermal magnetic susceptibility (dM/dH) plot

obtained from the derivative of M(H) data at different temperatures. (c) Magnetic phase
diagram extracted by isothermal susceptibility for a polycrystalline Co;Zn;Mns alloy. FOPT: first-
order phase transition, SOPT: second-order phase transition and T: tri critical point. Helical to
conical phase transition (H 35 Oe) is shown by dotted straight line
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https://www.sciencedirect.com/topics/materials-science/magnetic-susceptibility

Berezinskii-Kosterlitz-Thouless to BCS-like Superconducting Transition
Crossover Driven by Weak Magnetic Fields in Ultra-thin NbN Films - The
Berezinskii-Kosterlitz-Thouless (BKT)
transition in ultra-thin NbN films is
investigated in the presence of weak
perpendicular magnetic fields. A jump in
the phase stiffness at the BKT transition
is detected up to 5 G, while the BKT
features are smeared between 5 G and 50 04+

G, disappearing altogether at 100 G, sl |§I w”‘"m “-i‘ -

T T T

£ (udm)

where  conventional current-voltage T (K) j| ]
behaviour is observed. Our findings e 18 1o ns 1o
demonstrate that weak magnetic fields, T (K)
insignificant in bulk systems, deeply

affect our ultra-thin system, promoting a crossover from Halperin-Nelson
fluctuations to a BCS-like state with Ginzburg-Landau fluctuations, as the field
increases. This behavior is related to field-induced free vortices that screen the
vortex-antivortex interaction and smear the BKT transition.
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Indian Standard Time Metrology

Indian Standard Time Division is responsible for the realization, establishment, custody,
maintenance, dissemination and upgradation of the national standards for Time &
Frequency, LF & HF Voltage, Current, Microwave and Magnetic parameters. The Time &
Frequency Metrology Section is responsible for the highest level of time and frequency
measurements in India using ultraprecise satellite links. As one of the mandates, CSIR-
NPL maintains the Indian Standard Time (IST) based on atomic timescale consisting of
bank of Cesium (Cs) atomic clocks, Hydrogen masers, precision measurement devices
and ultraprecise satellite links. The traceability of CSIR-NPL timescale generating IST
with respect to coordinated Universal Time (UTC) maintained by BIPM is at the level of
few nano-seconds (ns). Dissemination of IST via satellite links and network is provided
to users as per time synchronization accuracy requirements. Calibration services are
provided for atomic clocks, oscillators, stop watches etc. to strategic and industry users
as per requirement. In addition, research and development on primary atomic clocks is
carried out. India’s first Cs fountain clock, with an accuracy of a few parts in 10-15,
became operational in 2011 and is being improvised for better stability. A second Cs
Fountain is under development. Recently, development of a more accurate clock (x10-
17) at optical wavelengths based on a single trapped Ytterbium ion (project STIOS) has
been initiated. LF & HF Voltage, Current and Microwave Metrology section maintains LF
& HF Voltage, Current, Microwave Power and Phasor Measurement Unit (PMU)
parameters of electrical metrology. To maintain the international traceability, a number
of international & bilateral intercomparisons under the umbrella of BIPM and APMP
have been carried out. At CSIR-NPL, PMU-CAL system traceable to its national standards
carries out a comprehensive calibration and testing of PMU as per IS/IEC/IEEE 60255
118-1:2018 standard. It plays a vital role in power distribution sector through the PMU
calibration and measurement system. Electromagnetic (EM) Metrology section
comprises of various measurement facilities in frequency range from 1 Hz to 110 GHz of
electromagnetic spectrum for devices from household electronic appliances to advanced
strategic communication and instrumentation. The section maintains and disseminates
various parameters such as attenuation, impedance, insertion loss, microwave power, E-
Field and specific absorption rate (SAR), Shielding effectiveness, and dielectric
measurements along with advanced Quantum E-Field measurements traceable to
Planck Constant, Magnetic flux Density, Magnetic flux, turn area of search coil, power
loss measurement of electrical steel.

Time and Frequency Metrology

The CSIR-NPL project "Strengthening of Network Time Dissemination Services for
Nation-Wide Dissemination of IST" was approved and funded by CSIR, highlighting
CSIR-NPL's commitment as the Time-Keeper of the Nation and emphasizing the
importance of precise time dissemination from CSIR-NPL. Project supports the
government's sovereign functions by ensuring national security, economic stability,
and the synchronization of critical infrastructure through accurate time dissemination
and timekeeping.

As part of the international cooperation, the Time and Frequency Metrology Section of
CSIR-NPL engaged in a collaborative project with Taiwan within the framework of the
Asia Pacific Metrology Program (APMP). During this period, CSIR-NPL's satellite
receivers underwent rigorous comparison with internationally calibrated and
accepted counterparts from Taiwan.
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Significant Achievements of the work is as follows:

Enhanced Traceability: The comparison of satellite receivers has significantly
strengthened the traceability of Indian Standard Time (IST) and UTC(NPLI) to
the international standard time, UTC.

Improved Accuracy: This collaboration has ensured that the timekeeping
standards maintained by CSIR-NPL are in close alignment with global standards,
thereby improving the accuracy and reliability of time dissemination in India.
International Recognition: Participation in APMP and successful comparisons
with Taiwan's metrology standards have reinforced CSIR-NPL's position in the
international metrology community, showcasing our commitment to maintaining
high precision in time and frequency measurements

LF & HF Voltage, Current and Microwave Metrology

Low Frequency Voltage & Low Frequency Current Metrology - Banks of Multi-
Junction thermal converters (M]JTC) are used for assigning AC DC transfer
difference to the primary standard (M]JTC) at 2 Volt and 5mA with the best
uncertainty of #5ppm. Therefore, the thermal transfer standard or thermal
converters are designed to cover voltage range of 1mV volts to 1000 volts in the
frequency range 10 Hz to 1 MHz with an uncertainty of + (7 to 1000) ppm and
current range of 1mA to 20 A in the frequency range of 40 Hz to 10 kHz with an
uncertainty of + (10 to 92) ppm.

50A current shunt calibration setup

High Frequency Voltage Metrology - High frequency (HF) voltage primary
standard at NPLI has been realized using a twin resistance coaxial power mount in
the frequency range of 1 MHz to 1000 MHz. The rf/dc transfer difference has been
assigned at the input reference plane of the primary standard. The overall
uncertainty in assigning RF DC transfer difference has been estimated to be within
+0.50% in the frequency range up to 1 GHz. With the establishment of the RF
voltage primary standard, one can calibrate and assign the RF DC transfer
difference to the transfer standard thermal voltage converters. HF Voltage
standard is used to calibrate the RF Voltage meters, high frequency thermal
converters using the well-established technique.
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HF Voltage Calibration setup

Microwave Power Metrology - Coaxial Microcalorimeter system in 2.4mm
connector, established as the primary standard of Microwave Power in the
frequency range of 1 MHz to 50 GHz is an absolute method based on thermocouple
principle for the determination of effective efficiency to the thermocouple sensor.
This section provides apex level calibration servicesin microwave power
parameter to the industry & user organizations of the country. In order to meet the
growing demand for calibration of microwave equipments in this era of
continuously growing technology, CSIR-NPL disseminates the traceability of
microwave power from 1MHz up to 50 GHz. The absolute value of the effective
efficiency has been assigned to the microwave power standard from 1 MHz to 50
GHz using coaxial microcalorimeter and Vector network analyzer. The expanded
uncertainty of microwave power primary standard at 50 GHz is +1.9%.

50 GHz Coaxial Microcalorimeter System

Phasor Measurement Unit Calibration Metrology - Today’s smart grid relies on
phasor measurement units (PMUs) to deliver real-time critical data on the voltage,
current, frequency and phase mainly within the power grid. It is mandatory that
PMUs must be calibrated from a traceable calibrator system to ensure its
consistency, accuracy and reliability. The CSIR-NPL Phasor Measurement Unit
Calibration System (PMU-CAL) is capable of providing perfect solutions for PMU
users, manufacturers, electrical power utilities and organizations associated with
electrical power transmission. The automated PMU-CAL system fully complies
with the IEC/IEEE 60255-118-1:2018 standard. The compliance testing of Phasor
Measurement Unit (PMU) from 50V to 150V and 1A to 5A at 50 Hz with a frame
rate of 10, 25 and 50 frame/seconds has become possible with the establishment
of PMU-CAL system serving the nation through power sector. The CSIR-NPL PMU
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calibration system has an uncertainty of +0.005% to +0.010%. We use PMU-CAL
system to generate a wide variety of complex signals, including flicker, harmonics.
This feature gives us flexibility to calibrate PMUs by different manufacturers.

f |
PMUCAL SYSTEM

Electromagnetic Metrology

. Design and Establishment of a Large-scale Reverberation Chamber - A large-
scale reverberation chamber for the frequency range of 100 MHz to 18 GHz and
the internal dimension of the antenna 4.0 m x 7.5 m x 3.16 m with two stirrers for
E and H plane is designed at CSIR-NPL. All the essential factors for characterization
of the chamber are evaluated and measured sequentially for the environment of
Rayleigh scatterer that can be used for further characterization of the RF and
microwave devices used in mobile communication. The work is carried out to
establish the standards for mobile communication assessment at CSIR-NPL.

__~ Rotation of stirrer .

P

Antenna 1

r Antenna 2

Position Controller

Stirrer
Controller

Antenna2  Stirrer

Block diagram of reverberation chamber and experimental setup of the chamber

The measurement facility is developed considering the emerging wireless devices
that will operate in a wide range of multipath communication (based on Rayleigh
environment). The test facility works based on the interest of direct and indirect
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path components; therefore, certain factors need to be evaluated for the
measurements (i.e. effective volume, Rician K-factor, quality factor of chamber,
etc.). There are several reverberation chambers that are well established to
measure and calibrate different devices; however, in India there is no facility
available that uses reverberation chamber for RF and microwave measurements.
Therefore, this work is carried out for establishment and standardization of this
facility at CSIR-NPL. The quality factor calculated for the chamber of the order of
104 for GHz frequency range.

Development of Low-cost, Pocket-sized Device for Measuring the Weak
Magnetic Fields - Developed and validated a low-cost, pocket-sized device for
measuring the weak magnetic fields in the range of +800 uT with permissible
accuracy of less than 1.5%. The device can have significant applications in aviation,
space, data handling & storage, geological surveys, and healthcare sectors. The
device can also be used as a reference standard in calibration/testing laboratories.

USB plug AMR sensor

8.88 uT

3D printed
housing

Sensing cable

Field display unit

Developed device
Detailed description of the developed magnetic field measuring device

Portable AC Magnetic Field Measuring Device - Development of a portable AC
magnetic field measuring device (from 10-500 mG) in the frequency range of 50
Hz to 30 kHz. A detector has been developed and validated for measuring magnetic
fields in different frequency range. A portable device with a display unit for the
same is under development stage.
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Developed detector coil and its obtained calibration curves at different frequencies

Dielectric Characterization for Solids - An improved NRW-based procedure for

dielectric property retrieval utilizing two port T/R measurements in an X-band

waveguide (8.2-12.4 GHz) is established. The method reduces the number of steps

in traditional NRW method by employing direct measurement at air-material
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interface. The method makes use of specialized sample holders and utilizes
cascading of these sample holders to achieve different lengths of line. The method
also works well for different sample lengths. A major advantage of this approach is
that it enables proper and precise placement of MUT sample in the line and easy
removal and replacing of the sample for multiple measurement. The method can
also enable the user to better address the error introduced due to air-gap and
uncertainty in sample length. The biggest advantage of the method is that it allows
to makes uncertainty evaluation less complex compared to the traditional NRW
method. We have written a MATLAB based code for the improved method, which
directly provided dielectric properties from raw S-parameters measured, without
any data smoothening or statistical manipulation. The comparison of traditional
NRW method and method reveals no significant difference between the extracted
dielectric properties using either method, while the proposed method is simpler
for user to perform and repeat, and also leads to simpler uncertainty evaluations
with lesser number of contributing variables.

] 11
Frequency {GHz)
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Measurement setup for dielectric measurement using the proposed method and the
results obtained
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Directorate

This division encompasses Planning, Monitoring Evaluation and Outreach; Industrial
Liaison Group; Centre for Calibration & Testing; Workshop; International Science and
Technology Affairs Group; Human Resource Development Group; Administration;
Quality Management System; Rajbhasha Unit; Knowledge Resource Centre; Finance

& Accounts Store; Purchase Section; Works & Services.

Planning, Monitoring Evaluation and Outreach

CSIR-NPL undertakes projects sponsored by various external agencies such as Ministry
of Science & Technology, MNRE, DST, etc. The department is involved in the planning,
monitoring and evaluation of the various type of GAP, FTT, FCP, HCP, MLP & Mission
Mode projects. The details of External Cash Flow i.e., money received from these
agencies to carry out specified project is regularly recorded and monitored by PME
against the target established by the Institute. Registration of all projects and allotment
of specific identity in terms of a Project No. is made at PME, soon after the money for the
project is received along with in-principle approval. Projects are registered in different
modes viz FTT, FCP. HCP, Mission Mode and Grant-in-Aid. The total number of projects
registered in different modes during 2023-24 is 41. In the year 2023-24, twelve new
GAP projects have been started worth Rs. 10.36 Crores, while five new CSIR Funded
projects have taken off, costing Rs. 100.94 Crores. A grant of Rs 33.08 Crores in the
twenty two continuing GAP projects was received.

Apart from this, PME also attends to technical queries, Parliament Questions and
technical audit as well as assist Director in lesioning with CSIR-HQ, Management Council
(MC) and Research Council (RC) on project related matters. In 2023-24, PME has
successfully conducted 02 Research Council, and 15 Scientific/Project Review Meetings.
PME has processed 1227 indents worth Rs 92.67 Crores.

Business Development Group (BDG)

The Business Development Group (BDG) serves as an interface between CSIR-NPL
and Government/Public/Private Organizations/Industries/Universities, etc. BDG
facilitates the wutilization of CSIR-NPL knowledgebase by licensing the
technologies/knowhow to the Industries and other stakeholders. BDG plays an active
role in show-casing technologies and know-how developed by CSIR-NPL to the
stakeholders on various platforms including the CSIR-NPL website. BDG also
facilitates consultancy, technical and research services to the clients in time-bound
project mode for utilization of expertise available within CSIR-NPL regarding the
development of new products/processes and for improvement of the Quality System
in the country. Apart from this, BDG also processes the registration of the new
Bharatiya Nirdeshak Dravya (BNDs) along with the handling of traceability and
dissemination charges. One of the important roles of BDG includes the execution and
signing of MoUs/Agreements/NDAs with the clients (Indian Industries, Institutes,
Research Organizations, Reference Material Producers (RMPs), etc) for the purpose.
In addition, BDG is highly involved in the management of S&T outputs including the
generation of various reports to be sent to various stakeholders including CSIR-Head
Quarters.

90




The details of the technology/know-how licensed, MoUs/agreements signed,
projects undertaken, registration of new BNDs and traceability and dissemination
charges received during this period are as follows:

Technical Services Projects (TSP)

S1 | Project Title Client Money Released by
No client (Rs) including
GST@18%
1 | Synthesis of MWCNTs and | M/s DDEV Plastiks Industries Rs. 10,39,875/-
their Dispersion in Limited, 168/151-158, Dabhel
Polymer Matrices Industrial Co-Operative
Society Ltd, P.O-Dabhel-
396215, Daman, Dadra and
Nagar Haveli and Daman and
Diu
2 | Evaluation of Sound M/s Anutone Acoustics Ltd., Rs. 5,90,000/-
Absorption Coefficient and | 3A Visvesvaraya Industrial
Sound Absorption Class of | Area, Mahadevapura,
Acoustical Materials Bangalore-560048, Karnataka
3 | Development of timing Legal Metrology Department, Rs. 2,40,80,000/-
laboratories of Legal Ministry of Consumer Affairs,
Metrology Department New Delhi, Govt of India
(LM) traceable to National
Time Scale generating IST
at five locations and
creation of one disaster
recovery center
4 | Acoustical Evaluation in M/s Saint-Gobain India Rs. 5,90,000/-
Reverberation Chambers Private Limited, 18/3, Sigappi
of Sandwich window Aachi Building, Rukumani
glazing's for noise control | Lakshmipathy Road Egmore,
Chennai, Tamil Nadu 600008
S | Noise Mapping, Analysis M/s Acoem Ecotech Industries Rs. 24,78,000/-
and Devising Mitigation Pvt. Ltd, Plot No. 57, Sector II,
Plans for Noise Pollution Pithampur Industrial Area,
Control in Delhi Dhar, Madhya Pradesh-
454775
6 | Fabrication of high M/s Virayaa Green Energy Rs. 7,37,500/ -
electrical conductive Systems Private Limited, 1-9-
graphite composite bipolar | 292/7, Ramalayam Street,
plates for fuel cell Vidyanagar, Hyderabad,
application Telangana-500044
7 | Evaluation of sound M/s Envirotech Systems Rs. 7,08,000/-

insulation and absorption
characteristics of
acoustical materials in
Reverberation Chambers
for noise control as per
ISO 354, ISO 717 and EN

Limited, 346-347, Ecotech 1
Extension, Kasna, Gautam
Buddha Nagar, Uttar Pradesh-
201308
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1793 standards

8 | Sound Absorption and M/s Saint Gobain India Pvt Rs. 4,72,000/-
Sound Transmission Loss | Ltd., 5th Level, Leela Business
Measurements in Park, Andheri Kurla, Andheri
Reverberation Chambers (E), Mumbai-400059
and Sound Impedance
Tube Facility
9 | Testing of a high-flow air M/s Siddhivinayak Rs. 6,01,800/-
purifier Tradelinks, 5 B/8, Good Earth
CHS Ltd, Sindhi Society,
Chembur, Mumbai Suburban,
Maharashtra-400071
10 | Inspection of Bulk Water M/s. Nagman Flow-Level Rs. 1,97,650/-
Meter Test Benches of Systems and Solutions LLP,
Municipal Corporation of | No. 168/7, Chennai-Bangalore
Greater Mumbai National Highway,
Chembarambakkam, Chennai,
Tamilnadu-600123
11 | Fabrication, and Legal Metrology Division, Rs. 2,17,27,104/-
establishment of testing Department of Consumer
and calibration facility for | Affairs, Ministry of Consumer
clinical thermometers Affairs, Food and Public
(liquid-in-glass, electrical, | Distribution, Govt of India,
and IR) with the New Delhi-110001
maximum device for the
five RRSLs laboratories
12 | Fabrication of Legal Metrology Division, Rs. 1,66,46,024/-
sphygmomanometer Department of Consumer
testing kits to be used for | Affairs, Ministry of Consumer
calibration and testing of | Affairs, Food and Public
sphygmomanometers and | Distribution, Govt of India,
automatic blood pressure | New Delhi-110001
measuring devices
13 | Establishment of reference | Legal Metrology Division, Rs. 1,04,77,740/-
standard for length at Five | Department of Consumer
Regional Reference Affairs, Ministry of Consumer
Standards Laboratories Affairs, Food and Public
(Ahmedabad, Distribution, Govt of India,
Bhubaneswar, Faridabad, | New Delhi-110001
Guwahati & Varanasi)
using laser
interferometers
14 | Evaluation of sound M/s Soprema Private Limited, Rs. 5,90,000/-

insulation and sound
absorption characteristics
of acoustical membranes
and rubber based
acoustical products for

Third Floor, Unit No. 303,
Suncity Business Tower, Sun
City, Sector-54, Gurgaon,
Haryana-122002
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noise control

15 | Performance Testing of Air | M/s Kentek Environment Rs. 24,33,750/-
Monitoring Devices Technology India Pvt. Ltd,
15th Floor, Block-G, Tower 5,
Jaypee Green, Jaypee Green
Residential, Greater Noida,
Gautam Buddha Nagar-
201306, Uttar Pradesh

16 | On-site Performance M/s Josts Engg. Co. Ltd, C-7, Rs. 7,08,000/-
Evaluation of Anechoic Josts Engineering Company
Chambers as per ISO Limited, Road No 12, Wagle
3745 Standard for Air Industrial Estate, Thane,

Conditioners Acoustical Maharashtra — 400604
Testing and Evaluation

Collaborative Services Project (CLP)

S1 | Project Title Client Money Released by
No client (Rs) including
GST@18%
1 | Design and Development of M/s Distronix, 62/44, Rs 11,32,800/-
Smart Noise Tracker for Noise Satin Sen Sarani,
Monitoring and e-sound Limiter | Kolkata-700054, West
for Noise Control Bengal, India
2 | Development and Fabrication of | Research & Development Rs 14,16,000/-
Bipolar Graphite Plates using Centre, Indian Oil
Needle Coke Corporation Limited
(IOCL), Sector-13,
Faridabad, Haryana-
121007

Registration Charges for Bharatiya Nirdeshak Dravya (BND) from Reference
Material Producers (RMPs)

S1 Client Project Title Money received (Rs)
No. (including GST)
1 | M/s Aashvi Registration of Two New BNDs for Rs. 23,600/ -

Technology LLP, E- | BND 1028 (5th Batch) and BND
14, Madhavpura 1042 (2nd Batch)
Market, Shahibaug,
Ahmedabad,
Gujarat-380004,
India
2 M/s Jalan and Registration charges for BND 4101 Rs. 11,800/-
Company, C- 16, (2nd Batch)
Lajpat Nagar -II,
New Delhi, Delhi-
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110024

M/s Aashvi Registration of Twenty BNDs Rs. 2,36,000/-
Technology LLP, E- | (successive batches of Twelve BNDs)
14, Madhavpura i.e. BND 1005 (14th, 15th and 16th
Market, Shahibaug, | Batch), BND 1006 (14th, 15th and
Ahmedabad, 16th Batch), BND 1007 (9th Batch),
Gujarat-380004, BND 1008 (7th and 8th Batch), BND
India 1011 (3rd Batch), BND 1016 (4th
Batch), BND 1019 (Sth Batch), BND
1022 (6th and 7th Batch), BND
1023 (5th Batch), BND 1026 (2nd
Batch), BND 1028 (6th and 7th
Batch) and BND 1042 (3rd and 4th
Batch)
M/s Aashvi Registration Charges for BND 1030 Rs. 11,800/-
Technology LLP, E- | (3rd Batch)
14, Madhavpura
Market, Shahibaug,
Ahmedabad,
Gujarat-380004,
India
M/s National Concil | Registration Charges for BND 5061, Rs. 70,800/ -
for Cement and BND 5062, BND 5063, BND 5064,
Building Materials | BND 5008 and BND 5009 (ALL NEW
(NCCBM), 34 Km BNDs-1st Batch)
Stone, Delhi -
Mathura Road (Nh-
2), Ballabgarh
121004, Faridabad,
Haryana
M/s Global PT Registration Charges for BND 2223 Rs. 11,800/-
Provider Pvt. Ltd., (Total 1 No.- NEW BND)
E-44/12, Okhla
Industrial Area,
Phase-II, New
Delhi, Delhi-
110020
M/s Aashvi Registration Charges for BND 1029 Rs. 47,200/-
Technology LLP, E- | (6th Batch), BND 1029 (7th Batch),
14, Madhavpura BND 1029 (8th Batch) and BND
Market, Shahibaug, | 1018 (5th Batch)
Ahmedabad,
Gujarat-380004,
India
National Council for | Registration Charges for BND 5002 Rs. 59,000/-

Cement and
Building Materials
(NCCBM), 34 Km

(3rd Batch), BND 5003 (3rd Batch),
BND 5006 (3rd Batch), BND 5007
(3rd Batch) and BND 5091 (3rd

94




Stone, Delhi

Batch)

M/s Aashvi
Technology LLP, E-
14, Madhavpura
Market, Shahibaug,
Ahmedabad,
Gujarat-380004,
India

Registration Charges for BND 1009
(6th Batch), BND 1009 (7th Batch),
BND 1009 (8th Batch), BND 1021
(9th Batch) and BND 1021 (10th
Batch)

Rs. 59,000/~

Traceability and Dissemination Charges for Bharatiya Nirdeshak Dravya (BND)
from Reference Material Producers (RMPs)

S1 Client Project Title Money received (Rs)
No. (including GST)
1 | M/s Global PT Traceability & Dissemination Rs. 5,338/-

Provider Pvt. Ltd., charges received from stock sale of
F-89/22, Okhla BNDs @10% of BND Sale as per
Industrial Area, CSIR-NPL invoice no
Phase-I, New Delhi, | NPL/BND/RMP/GPTP/Sale/2023-
Delhi-110020 24/02 dt. 31-05-2023
2 | Indian Government | Payment towards CSIR-NPL Rs. 32,680/ -
Mint, 134-E, Shahid | share: 0.5% of turnover of services
Bhagat Singh Rd, for BND Sale as per CSIR-NPL
Kala Ghoda, Fort, invoice no
Mumbai, NPL/BND/IGM/Sale/2023-24/01
Maharashtra- dt. 25-04-2023
400001
3 | M/s Jalan and Traceability & Dissemination Rs. 2,006/-
Company, C- 16, charges received from stock sale of
Lajpat Nagar -II, BNDs for the period 01/04/2021 to
New Delhi, Delhi- 31/03/2022 @10% of BND Sale as
110024 per CSIR-NPL invoice no
NPL/BND/RMP/Jalan/Sale/2023-
24 /04 dt. 25-09-2023
4 | M/s Jalan and Traceability & Dissemination Rs. 77,006/ -
Company, C- 16, charges received from stock sale of
Lajpat Nagar -II, BNDs for the period 01/04/2022 to
New Delhi, Delhi- 31/03/2023 @10% of BND Sale as
110024 per CSIR-NPL invoice no
NPL/BND/RMP/Jalan/Sale/2023-
24/05 dt. 25-09-2023
S | National Council for | Traceability & Dissemination Rs. 12,40,972/-
Cement and charges received from stock sale of
Building Materials BNDs for the period 01/04/2022 to
(NCCBM), 34 Km 31/03/2023 as per CSIR-NPL
Stone, Delhi invoice no
NPL/BND/RMP/NCB/Sale/2023-
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24/03 dt. 22-09-2023

M/s Aashvi
Technology LLP, E-
14, Madhavpura
Market, Shahibaug,
Ahmedabad,

Traceability & Dissemination

charges received from stock sale of
BNDs for the period 01/04/2022 to

31/03/2023 as per CSIR-NPL
invoice no

Gujarat-380004,
India

NPL/BND/RMP/Aashvi/sale/2023-
24/06 dated 29/11/2023

Rs. 21,54,479/-

Licensing of Technology/Know-How

S1. | Name of the Name of the client Date of licensing
No. | technology/Know-how
1 | A know-how “Six-stage M/s Envirotech 18-Apr-2023
bioaerosol air sampler and Instruments Private
sampling probe for BFE testing | Limited, A-271 Okhla
of mask”; Lumpsum : Rs 5.60 | Industrial Area,
Lakh including GST@12%; Phase-1, New Delhi -
Non-Exclusive; Duration: 5 110020
years; Royalty : 2% on sales
proceeds
2 | A know-how “High Volume M/s Environmental 08-Nov-2023
PM-2.5 Impactor Sampler”, Solutions, A3/508,
Scientific MoU, Lumpsum: Nil; | Tower-4, Silvercity,
Non-Exclusive; Duration: 5 Sector-93, Noida (UP)
years; Royalty: 5% on sales
proceeds

Royalty Received

“High-Volume PM 2.5
Sampler”

Noida, Distt. Gautam
Buddha Nagar, Uttar
Pradesh-201305

Name of the . .
S.No. technology/Know-how Name of the client Money Received
M/s Environmental
Royalty for Licensed Solutions, C-24, First
1 Technology/know-how titled Floor, Sector-85, Rs 25,960/

Agreements/MoUs/NDA etc signed by CSIR-NPL

Sl Name of the company/Industry/Organization Signing date
No.
1 Agreement with M/s Distronix, 62/44, Satin Sen Sarani, 18-Apr-2023
Kolkata — 700054, West Bengal, India for collaborative
project for “Design and development of Smart Noise
Tracker for Noise Monitoring and e-Sound Limiter for
Noise Control”
2 Agreement with M/s Envirotech Instruments Private 18-Apr-2023
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Limited, A-271 Okhla Industrial Area, Phase-1, New
Delhi -110020 licensing of know-how “Six-stage
bioaerosol air sampler and sampling probe for BFE
testing of mask”

3 Agreement with Research and Development Centre, 04-Sep-2023
Indian Oil Corporation Limited, Sector 13, Faridabad —
121007, Haryana, for sponsored project “Development
and Fabrication of Bipolar Graphite Plates using
Needle Coke”

4 Agreement with M/s Environmental Solutions, A3/508, 08-Nov-2023
Tower-4, Silvercity, Sector-93, Noida (UP) for “High
Volume PM2.5 Impactor Sampler”

5 Agreement with National Institute of Ocean Technology, 15-Jan-2024
Chennai-600100, Tamil Nadu for “Proposed Designated
Institute for Underwater Acoustics”

Centre for Calibration and Testing Centre

CFCT acts as an interface for connecting metrological activities of NPLI to Industries &
Govt. Agencies for National Growth, Quality Control & Trading. Currently, CFCT is
supporting more than 4000 clients from industries, national laboratories, and
government organizations from all over the country and abroad including SAARC
nations. CFCT supports all the customer care related queries and deal the customers
with utmost care to serve the Nation. CFCT plays an important role in creating
awareness about the importance of metrology related activities. Also, at CFCT we have
provided most of the information online so that our esteemed customers can freely
accessible to it. These services include CTBR Form, Calibration and Testing Charges,
Specimen Copy of Calibration & Test Certificates, and Payment Related Information
with terms and conditions of instruments handling etc.

The below Table, shows the list of some of the users availing the calibration and testing
services from CSIR-NPL through CFCT.

S.No | Organization | List of users/clients

1 Government/ DRDO, ISRO, Election Commission of India, CPCB, Indian Railways,
PSU Indian Airforce, Air India, BSF, BIS, Legal Metrology, DAE, CPR],
HAL, BHEL, BEL, GAIL, ONGC, IOCL, HPCL, Indian oil, State
Electricity Boards, NTPC, Delhi Jal board, MSME Testing Centres,
Ordinance Factory, Steel Authority of India and Scientific
Institutes/Labs, Universities etc.

2 Private Tata Steel; Mysore Paints & Varnish; CK Birla Group; GE power
Sector/Industries | systems; ABB India; ACC; AIMIL Ltd.; Alstom India; Ambuja
Cement; Adani Electricity; Binani Cement; Blue Star; Bureau
Veritas; Casio India; Crompton Greaves Limited; Diesel Locomotive
Works; Essar Oil Ltd.; Godrej & Boyce Mfg. Co. Ltd; Havells India;
Honda Cars; J.K. White Cement; JK Lakshmi Cement; Kirloskar
Brothers; Larsen & Toubro; Maruti Suzuki; Philips India; Rapid
Metro Rail Gurgaon; Samsung India; Honda Siel; Surya Roshni,
Wipro consumer care & lighting; Orient Electric; ITC, Halonix
Technologies, Astra lighting; Bharat Forge; Tektronix India; Fluke
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Technologies etc.

3 SAARC Nations Nepal Bureau of Standards & Metrology (MBSM), Bangladesh
Standards and Testing Institution (BSTI), Measurement Units,
Standards and Services Department, Sri Lanka; National Physical
and Standards Laboratory (NPSL), Pakistan; Bhutan Standards
Bureau (BSB), Bhutan; Afghanistan National Standards Authority
(ANSA), Maldives Standards and Metrology Unit

The following Table shows the outcome of the calibration and testing services from
CSIR NPL through CFCT for the past 10 years.

S.No Financial Total Earnings Certificates Cases Generated
Year in Rs. Crores Issued
1 2014-15 7.1 2760 1267
2 2015-16 7.2 2758 1284
3 2016-17 7.4 2539 1172
4 2017-18 7.6 2638 1098
5 2018-19 11.1 2601 1264
6 2019-20 11.4 2348 1145
7 2020-21 10.2 2014 1126
8 2021-22 11.3 2151 1241
9 2022-23 13.6 2741 1390
10 2023-24 10.16 2790 1429

The following Figure shows metrological services provided by CSIR-NPL through CFCT
to various organizations and sectors. The beneficiaries of these metrological services
include government ministries, regulatory bodies, public sector undertakings, private
industries, MSMEs, strategic sectors, S&T organizations, etc. In addition, CSIR-NPL has
been supporting the NMIs of neighbouring countries, especially those belong to South
Asian Association for Regional Cooperation (SAARC) nations.
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CSIR-NPL provides Calibration and Testing Services through CFCT to several Stake Holders

The following Figure shows sector-wise distribution of metrological services of CSIR-
NPL through CFCT for 2015-16 to 2020-21. CFCT data analysis in terms of metrological
services provided to vital sectors, which contribute to the knowledge economy and
knowledge society. These are categorized into following twenty sectors: automobile,
aviation, biomedical and pharmaceutical, diary, food & beverages, defense,
electrical/electronics, energy/power, environment metrology, home appliances,
housing/infrastructure, irrigation & agriculture, IT consultancy & banking, laboratory
equipment, petrochemicals & chemicals, railways, S&T and academic, space, testing
laboratories, textile, SAARC nations and others.
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Sector-wise distribution of Metrological Services of CSIR-NPL for 2015-16 to 2020-21
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The “other” category includes data that could not fit into the above-mentioned
specialized categories. The testing labs and laboratory equipment are the top sectors.
This is quite expected because the NABL accredited laboratories across the country,
need to obtain the mandatory metrological traceability to SI units through CSIR-NPL. It
is understood that, most of the government ministries have their own secondary testing
and calibration laboratories to ensure the conformity assessments for their regulations
as well as for products manufactured in India or imported. Since these secondary
laboratories are spread across the country, the state regulators approach these local
laboratories for calibration and testing. These secondary laboratories have their
traceability to the SI units through CSIR-NPL.

The other major sectors which obtain measurement traceability to SI units from CSIR-
NPL through CFCT are automobiles, biomedical and pharmaceutical, defense, home
appliances, housing/infrastructure electrical and electronics, energy/power, S&T and
academic, aviation, railways and space. The measurement traceability to sectors like
diary, food & beverages, environment/ metrology, IT consultancy & banking, textile etc.
though not significant at present in availing the facilities of CSIR-NPL, but possibilities
exists that they may be using secondary calibration and testing laboratories. However, it
must be ensured that all sectors utilize measurement values traceable to SI units for
quality assurance.
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Sector-wise distribution of Metrological Services of CSIR-NPL

As measurement traceability is linked to economic growth, organizations in the various states of
India, availing the CSIR-NPL facilities are plotted. A total of 21 states data was analysed. New
Delhi is frontrunner, which is expected as most of the government bodies and industries
approach CSIR-NPL due to its proximity. The case with Haryana also, being an adjoining state.
Otherwise, the ranking in measurement traceability to SI units through CSIR-NPL and the
industrial growth appears to be correlated well. According to RBI’s recent report, states like
Maharashtra, Tamil Nadu, Gujarat, Utter Pradesh and Karnataka have high rate of industrial
growth while north-eastern states have lowest industrial growth. Therefore, to improve the
economy of the country, among many other parameters, the respective state governments
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should be encouraging industries and MSMEs to ensure the measurement traceability for
industrial growth through manufacturing of products of international quality.

Central Workshop

Central Workshop at CSIR-NPL is actively engaged in both technical and engineering
services that require different DU R&D projects like Quantum materials and metrology,
Solar photovoltaic, Advanced carbon products, Fuel cells, Batteries and Thermoelectric
materials & Devices related activities. Central Workshop has developed various design
& fabrication of high-precision components and repair and maintenance of existing
sophisticated instruments and calibration facilities used by the various DU/DP of the
Laboratory.

The central workshop has a FANUC-controlled CNC DECKEL FP4A machining center.
The machine has the capability of 4-axis automated machining X, Y, Z and C- -axes to
fabricate various precious components that require different DU R&D projects. Several
automatic controlled precision turning and machining centers, power hacksaws, surface
grinders, welding equipment and accessories are used to fabricate/repair for advanced
R&D and R&D support activities. During the year 2023-2024, the fabrication and Job
work of ~ 493 were accomplished with the in-house available resources.

Fabricated/Machined Components at the Central Workshop
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International Science and Technology Affairs Group (ISTAG)

International Scientific Collaborations are assisting the scientists to share their ideas &
papers for developing new technologies & bridging the gap between them for the
service of mankind. ISTAG group facilitates the overseas visits of scientific and technical
personnel of the laboratory to get acquaintance & learn new techniques. It advises the
scientists to participate in International Conferences, Seminars and Summer Schools. It
helps the scientists to get prestigious international fellowships. This group also advises
the scientists to avail bilateral exchange program. The total numbers of visits conducted
by the CSIR-NPL scientists/technologists were 36 during 2023-24. ISTAG also conduct
PRC meetings for foreign deputations of Regular Staff. This year 12 PRC Meetings were
organized. The group also encourages and facilitates the visits of young students to
abroad. This year 32 students visited abroad for attending International
conferences/seminars/ workshops and others for research oriented program. It also
organizes the visit of foreign delegations at CSIR-NPL. International experts are also
invited to deliver talks and lectures at CSIR-NPL. The total numbers of foreign visitors
visited CSIR-NPL were 44 during 2023-24. One International Conference was organized
during 2023-24. The scientific staff is motivated to avail sabbatical leave/study leave.
Arranging training program for international candidates is also the job of this group.
International collaborative projects, bilateral exchange program and MOU are also
handled by this group.

Human Resource Development Group

o Ph.D. Registration and other Support to Research Fellows: One of the most
prominent activities of CSIR-NPL is to provide help and support to Research
Fellows (JRFs / SRFs), starting from the time they join CSIR-NPL till the time they
leave the institute. This includes their placement in a suitable Division / Group and
helping them in getting Hostel accommodation, if required. This also includes their
Ph.D. registration, assessment for continuance /up-gradation, deputation to attend
conferences, etc.

During the period from 1st April, 2023 to 31st March, 2024, 46 research
fellows (JRFs/SRFs) joined CSIR-NPL and AcSIR Ph.D. Programme, resulting
in a total strength of Research Fellows (JRFs+SRFs) in CSIR-NPL is 292 as on
31.03.2024. Total Ph.D. degree awarded 63.

o Organization of Student’s Training at CSIR-NPL: CSIR-NPL provides training to
students pursuing M.Sc./M.Tech./MCA, or their equivalent degree programmes, at
different educational institutions spread all across the country, in the areas of
research activities being carried out at CSIR-NPL. The basic objective is to provide
the students a feel and importance of the various activities, as well as to motivate
them towards scientific research as the career.

During the period from 1st April, 2023 to 31st March, 2024 total 168 students
were provided training oriented towards the fulfillment of their academic degree
requirements in different areas of research under the guidance of senior scientists.

ECF Generated : 7,92,960/-
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o Deputation of NPL Staff Members to Attend Conferences / Similar Events:
CSIR-NPL encourages and supports its staff members, including the floating
members like JRFs, SRFs, PAs, Rls, RAs, SRAs, etc., to attend and present papers at
national / international conferences / symposia / seminars / workshops,
organised by different agencies in areas relevant to research activities being
carried out at CSIR-NPL. This is primarily meant to enable the staff members to
put forward their views and research results before the leading national /
international experts and interact with them on the latest developments in their
research areas.

During the period from 1st April, 2023 to 31st March, 2024 , total 186 cases of
CSIR-NPL scientists and other staff members including research scholars, were
nominated to participate in various conferences / similar events and different
Training Courses held across the country.

o SKkill Development Progrmme in CSIR-NPL: Under Skill Development Programe
total training programme 23 total participant 484.

ECF Generated : 11,16,430/-

o Jigyasa programme with Kendriya Vidhyalaya Sangathan: During Year 2023-
24, CSIR-NPL has organized 15 Programmes under Jigyasa . Total 4253 Students
and 334 Faculty members has participated.

o Institutional Visits: During the Year 2023-24, CSIR-NPL has organized 13 visits
for various colleges/schools . Total 521 visitors explored various facilities of
laboratory.

o MoU Signed with other Institutes/Universities : During the Year 2023-24, CSIR-
NPL has signed 7 MoU with other institutes/Universities .

Quality Management System

The Quality Management System (QMS) is responsible for implementing and fulfilling
the requirements of IS/ISO/IEC 17025 : 2017 and IS/ISO 17034 : 2016 standards at
CSIR-NPL (NPLI). At present, there are 29 sub-divisions covered under QMS. QMS
coordinated the annual internal audits of the various sub-divisions, followed up
corrective actions taken by the respective sub-divisions for closure of non-
conformances raised, if any, as well as conducted the annual Steering Committee
meeting for ensuring the continuous suitability, adequacy and effectiveness of policies
and objectives of the quality system.

QMS provided the necessary inputs and information as required by the Asia Pacific
Metrology Programme (APMP) Technical Committee for Quality System (TCQS) from
time to time. QMS representatives attended and presented (online) Annual Report
(November 2022 - October 2023) of NPLI in the APMP TCQS meeting on the QMS
related activities, including conducting peer reviews, participation in international
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inter-comparisons, etc., at 39t APMP General Assembly (GA) held in November-
December 2023.

Time & Frequency and Gas Metrology Sections have gone through the peer review for
publishing Calibration and Measurement Capabilities (CMCs) in the International
Bureau of Weights and Measures Key Comparison Database (BIPM KCDB). An MoU
signed between CSIR-NPL (NMI of India) and National Institute of Ocean Technology
(NIOT, Chennai, Designated Institute of India for Underwater Acoustic) in January 2024
for five years, for providing guidance on quality system based on IS/ISO/IEC 17025 :
2017 and conducting peer review so that NIOT can publish CMCs on Underwater
Acoustic in the BIPM KCDB.

QMS has imparted training on IS/ISO/IEC 17025 : 2017 to approx. 20 participants from
various organizations, organized at CSIR-NPL from 4t to 7th July, 2023.

QMS has organized training programs at CSIR-NPL on ISO/IEC 17025 : 2017 for
Scientists and Technical Officers (30 Nos.) from 26t February to 1st March 2024 and on
ISO/IEC 17011 : 2017 for Scientists (15 Nos.) from 4t to 8th March 2024 in
collaboration with the British Standards Institution (BSI), UK.

Knowledge Resource Centre

In CSIR-NPL, the umbrella term ‘Knowledge Resource Centre (KRC)' comprised of
Library and IT related activities under its domain.

As far as library and information support is concerned, KRC over the years has
developed a rich collection of scholarly books and journals, especially in the field of
physics and related sciences. During the current year, KRC subscribed to numerous
scholarly journals and added a variety of books both in English and Hindi languages to
enrich its textual collection. Regarding the services offered, KRC serves the CSIR-NPL
community with services like Electronic Document Delivery service, Inter Library Loan
service, Reference service, Literature Search service etc. Further, towards improving the
quality of science produced by the lab in terms of research publications, NPL-KRC offers
content similarity check with the help of the recommended software ‘iThenticate’. In
addition to the printed content, the centre also offers online access to full text journals
from distinct publishers through the National Knowledge Resource Consortium (NKRC).
The NKRC facilitates access to the electronic content from publishers like ACS
(American Chemical Society), AIP (American Institute of Physics), APS (American
Physical Society), IOP (Institute of Physics), OSA (Optical Society of America), [EEE, RSC
(Royal Society of Chemistry), Springer, Taylor & Francis etc. KRC has also acquired the
recommended Standards to support research, and provides access to Indian Standards.

The shift in technology achieved with the automation of KRC activities and installation
of improved routers helped in attracting the R & D personnel in large number to
optimize the use of the available resources. Further, to promote free worldwide access
to the intellectual outputs of CSIR-NPL in form of journals articles, research papers,
conference papers, technical reports, preprints, and other scholarly communication,
NPL-KRC has established the Institutional Repository (IR@NPL)
http://npl.csircentral.net/. Further, library provides the services of specialized
academic writing tools such as Grammarly and iThenticate. Additionally, the library is
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actively engaged in the maintenance of the CSIR-NPL website and manages the
institute's social media presence. Also, with the renovation of its Reading Hall, the
Library attracts users by offering a welcoming and comfortable reading environment.

Apart from the library related activities, NPL-KRC also provides IT facilities to cater to
the computing and communication needs of the laboratory. Data Center services are
running 24x7 with in-house set up of various Linux based servers. Internet connectivity
has been implemented through National Knowledge Network (NKN). A gigabit fiber
optics backbone network solution is running at various locations across the CSIR-NPL
campus and providing CAT6 based ethernet LAN to connect approximately one
thousand network based devices i.e. computers, servers, laptops, IP cameras,
attendance machines. The gateway security solution has been setup, which includes a
Unified Threat Management (UTM) system for multi-level firewall, anti-virus etc. Email
services of the laboratory are facilitated using NIC mail services at email.gov.in

Papers Published by the CSIR-NPL in SCI Journals

M Papers

WAV IF

RTSTYTST gfe

RTSTHTST gfe feA-ufa-fam & TR Sl § AT 3=t & Tt TN &1 de™ &1 S HRalt
2 | ISTHTYT gfe BT GBT ITREMIE T TRBR Bl JoTHIST Hfd, IrerHmer i & Iueel
TUT SR J YIANTRICT & A1/ SABTRGT/HHATRET B ST BRI, ST BT Td
UTEH B T UaH HRAT S |
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ISTHTT AT & ITREIAE -

1. FRAT:

o YUY WHR P AU i, I5rueT HAFTE & Iua=il aur 1= 9 YN &
ATDY/ SHUBRE /BTTRET BT ST PR, U BRI T SFIUIA g FeTIm
TG AT |

o U fourd & e, T 0 U @) siegear § ISTHINT Sratae Ifd & 6% &
3TaIoH, HT Gt Td Hdgd dOR ST 98 H forg T8 il iR el HRars &R |

o 3=t faawy fo=<t v ot udes fawrel o fgw<t refwretnafl/cameaTi &1 SMTalei B |

o ISTHINT fYUTT, T8 TG, YRd R A UG e Hrised 8 Fyika a&dl & g
mﬁ%gﬁm?masﬁamaﬂm

o TGS ISTHIYT iHfd & FRigor Srawll SR aur Ffa @ U T STy o O A
&g PIRATS BT

o UID Iy faq fawdl wR o=t # gty gt B 3o |

2. UTRI&01 U4 UHTRH:

fe=<t ufRraror (ysly, Udior wd U ureashH) |

feal ChUI/SMTYIY Ud Higer W fgwal H S dHRA o1 U1l fearr |
TS 3:HT6! § =<l THI&T TR &1 UHIRM |

TARTRITAT Bt dTities RUIE quT 311 Agayul U=l & fg<t 3i=1 o1 HuTe |

3. 3qdla:
o TRINTRITET H yged Qi uoEt (W), A mael B fgumdieor |
. fe<t ergara &y |
. mm$Wuﬁadﬂ$Hmw&mﬁW%ﬁ&ﬂaﬁl
. D! deHT1SE B f=dl 3 d1g |

H'TI'%:
o &t ST ARTU IUTAT™T o) aifdrprt
. difooafe ECIKIEE]
o SiHd fogmadt ATy

TARTRITEAT §RT ISTHTYT &1 W & fole I3T¢ Y $eH Ud uard

o U faurel # fewre, w7 Ut ta &) sieerdt § IS prafaad Iffa @f Sow H
e By B Fuffed wea &) U oA /g =l T Iw! THie 31 o1 § 9UT dodb
¥ forg e FAofat R ergadf pRaE B S § |

o UY WBR B AT Hifd, JSTHINT FaH & Iua=il quT e ¥ YAITRIe &
Y /SRR /el &1 sfavd T WIdl €, U SRl Sl § Ud
3UTEH B T8Tadl Y& &1 St ¢ |

. 2 foou/R=< uars/m w=man SdT @1 39 SR fafte ufoaifarsht &1 maieH
fora S 8, forad wanmRiren & Wt SifYeRy/FHaR! UM dd § 8IR 3% dhe YRR
FRRIRIRSACRIRIGIER
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o UOF fUE § TANRICT & SHIGINGl/HHARA 8 feal SRR/ &1
SIS T3 ST € | S HRIRITCTS] & A1y ¥ Tk Je & fowgl # 31fie- -3
&1 B g IR Ud Uietied fan ST § | 29a-ahey & Hiegd ¥ Afdaid U
=i B STt § T BISZa} BT JHTYH fohar ST |

. UG v fauH fawdl R Rl H# Toral feadia gty St &1 e fbar S g
T gRT XMy oA fet & URgd fobu 9d g1 It SISt IR gk et
TRIIRIT Bt STl B, o fagm ity weaid SRy 3=t 7 3y o oo Ug=di € |

o UANTRITAT & SRBIRAl/SHATRAT DT b=id fe=t URIaor SRy ¥ fg=dl ufkeror (e,
40T Td WIS UTeushH) feamar ST g1 drger R o<t & & v o1 Uiieun foam /g
HRIHH AT [T S 5|

S dl yddrsi
(09 WS, 2023 q 15 WS, 2023 dP)

HRA PR gRT SR} femm—fdei & siaifa wammmen # fe=ie 09 73, 2023 ¥ 15 Hs, 2023 dh
Al TATST HT qhd SRS fdar T | faAie® 04 7S, 2022 &1 FHfRad &f arg - faarg
Td DI UTé UfaRasfl &1 smarer fasar mar —

i q1g - faare wfaaifrar -
o TN FUR, aRE IS 7 Tl REBR e faa |
o ot SR YRGS, JMY BT A el R v fasa |
o o Rrar ftarea, My BE1 A Jaid GREBR Ui b |

i PTed UTS Uferanfirar :-
o o TIRG qHf, Ty B 7 T RIGR U b |
o gt RRaT diarda, <y ST A fgdla QREGR i o |
o ot Sifthd T, TNy BH A I REBR U foa |

29 gl ufaafiarslt # od 45 WIh Tt (@RS RY/AHaRY) a e ST 3 T forr |

WAl TGaTe] & THIY- YHRIE § fasar ufayial & Fewe d8ied gRT1 e (R T4
U101 G QR fohdT TR |

TN & A1 /dep-1e) RIS /eT® Jew! & fore sriwmer

WX SfigaRel Rt feawfla wriwmer : 28 5, 2023 & Weawdl & e # W
SaRIet R tw favfta wrfner &1 smaeH far mar | Smwfd sifafy aadn 1. yau $HR
g, SMTgde STHUT SR, WuemRaers, teme am, 5 fiwh 3 ‘aMeR & vl & fwg ®
IR sare |

CJUE R
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1. WA oY ST AR IUTHA™T

2. PTIHH YHRH/INE: fre=Ie Hgied

3. T 3ifafd o1 ufte g date: el =1 S, aRy v=mee Rdae

4. 457 3y GRI HRHAT: ST 4901 HHR G, 3AgdG UM HTABRT
5. Y=dTe YT ot ST ARIUT IUTEHT

3T 3R gaaT 1. YaUl HHR g, 3Mgde STHUM bR, WNRSNE, Tore v, 78
faceh 3 3mer & 3hufd ¥ fowy R grefifa comer faan | 9 sarer & Sfaug Aew@yu foeg
fAgad g -
3R BT 1T AGd g SMUBT WHUMH 3R Ig THN Siifdd g1 & o Jad 7
el # A TF g1 SR Al A TR I 3 Silad del T gl

T SUEITHT: i STER: WU Fr=d 3fd 11 (@R . 2/23)

IER (o), Fam (i) ok sered (e omgde A waT MW AW IuwY
EATRH) B

T U™ P 3 § 3 IUFY U1 3 GgHS WY | Ife AT IR TP W 8, °f 3ENR,
AT MR serd neayut Tere WY € S gHR IR FI Igferd & € 3R oftaq
BT IHAR HId &

T Wl § @, SMER a1 HivH UH YW WeTad WY §, 9l sita-i-fafg ok wrea
P @@ A Heg HYdl g1 HieH & o $Ig shifda w81 &1 Feuam i T8 +<
Tl

Ped € a7 W A T TR’ | VT 3TER Wt FUAR a1 & qTY-A14 THR 07 &Y ot
gUTad H W T JAt 39, I8t Ul UIpfad MeR 31 Wipfad U MR o
qufey @ fFRe, Argd!-frRe, BreeR, ferfiE, o, 79 9 od o g9R IR &
o smaza® €, at 9t 9l @1 g g aIrelt 31 wpfa A g +% UpR & @ uerd
& 8, <t wipfow U & wifey 9 Uift® § - @RI g1 & o uide omR @t
STIRTEHdT gl 81 83 eeil, S 3R M wal FT Adferd MR A g9 oita— |
W ¥§ P4 g1 B, Tsuil, T, T, AW g8 9 os W e a0 @R &3 ueR
ot AR | 3= MUY PRI T Hd B, Wpfad MER gHR Sfta- &t Hoil 71

fe=dt feaw aur 2= are Jw= JuRiE- 2023

RTSTHTST faUTT, T8 HATA, YRd IRHR gRT IR fgal Taarsy/ 1Tg s dadt fa=m- A=
$! &M H I@d gU TANTRIEAT § 17 3R, 2023 ¥ 14 RidwR, 2023 d& fegwal A8 {HM™T1 TR |
TARTRET & Gt ©IH Gedl @Y AT S ¥ oifdie e fodl # e & forw Ofka wd
WISd B & Ie=g J FaferRad ufernffiang smaifsa &t it

PAY. | uferaRrar &1 faAi®

1 Apifad UeetaT ufaanfiar 17.08.2023

2 T HIYOT i 22.08.2023
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3 are faare ufaafiran 24.08.2023

4 &=l dpur ufafirar 29.08.2023

: g{';brgﬁl HHBIS T fewu /3mmera goey 3 fg=d! 01.09.2023

6 BT UTS UfaAIfar 04.09.2023

7 U JH-fogE gfaafrar 06.09.2023

faie 04.09.2023 B! HIA UG UIARTAT /Hid THAH og RIS 8 Bl o A5 @l &
i fovam Tar uT| SR & ufaunht wfaal & gry-ary ot g wHf S Bt wfaarsit o1 s
7 RQR 3G fer|

e 14.09.2023 ! =<t ey quT o<l AT YHIUA THRIE-TE-HRIRMEAT &1 3o far
T [BBRT = Heied = BithH BT YHRY M=iide | far 3= < feaw & sawR
R IURYT TH IS B! P WBR! HBNS | <l T T =9 $ forg IRd T
TTed HRd GU IH-Gor [a¥d TR S TR e fean|

TANE # ey Tiafafiat & SR o fiwdt don 99, aRy e e wEie 3 it
SIRT IR a1 Iy &1, IufRUd Wb T & ¢ s IRBR! HTHDTe | 3 BT TN B
o forT URd Td viefed foba |

ST, IO, T I 3 HfAfY gat o1 ufer TR foran quT 3o wated o &gl fob oiF-5H
@1 U fo=dt wfed yRdlg ywistt & wdgay e Suafsdt aur IH-faT ¥ ISt gayd
Il DY 3 S b UgaH & forg Trdfes gl & Saxgear g |

Y UTaH TR R G-I ARAM Y aaa1 aRis fe=at fage ¥ar® 9 d@® ot guva=
w@el,qd aRyg duife, Semdiet 7 R § Rym dww: adum Rufyaawm R
AU favy IR f&an| Ig19 U favgd IHBIR/SHAHTDHI ¥ 3 IaeRUl & gRT HRAY
yraTef /A ok fo=dt & Tl & Ty fag wifed & 391 og URd 9 Werfed foba
fasm, wifec iR onfe sme &Ef ¥ IeTexur <o I8 gar & = vw & fagm wifg
GOl B SR JHTFATY B

TIRIE & ofd ¥ G A% & R S &1 it ufaadifiiaret & ymt o9 arat 42 fastan
gyl @ A sdeR! FdRe a8y 9 g&1 Jfafy & seudl 4 RER G
WHIUI-UF YeH {5 7Y GRTd, SRIGH ST Hara- 9 4=1dTe 919+ 4t 51 ARl SUTeATy,
fo=d1 S, wrdiea gRr faa
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ST, I WY YPhTd, FRIGR! s Jafdd Hd
Y

TR Sfafd ot YU TRAST ot ARSAT Gl §U P TS HRd gU TR B3 off 7es Al

fasrar ufawiiral &) REPR yeM ovd g g@1 Sifafy 7 siftrsrror
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TR & aqiiHe/dae-iet siftreredl/ e gex & e srimer wJHe Jua w®

YR DR & = SN &1 srure g oxd gu i<t & Tt ot & SRR 3fS 8
TRINTRITET & oS /de-ia! ifEmRal/aHaal/ny o6l & o e fome 3 =<
BT AT BT STt B

SWad & deH o TarRTar & vt oxie/daie! SEINGl/ET® de'll & e "aH®
Ao fawg R e 22 FaR, 2023 P fet wrdnar o &t W 39 =< Hriwmen §
"OFE A9 favg W IreH fou Ul 39 =< Frivmen § @y 40 amnfHel /At
SYHTNTT TG 50 UMY STH/SEATSN = HIT fera|

3Tty gaar St wHie FUR faart (1As, HeIFeRI®, BIS, 715 fawet) A "HH® AU favg w®
Hgayul Ud FHad® aren fear|

31y gaar ff yrie FHR faard & omerH & Sfaud dewyuf fag Fgaq @ -

e TN B YT ;- 22 HC BT GHT AR B DHIC BT GHT A6DH B GhR ST aTdl gl-
WYl 5! PR O i YR AFd o)1 A Jals, 2021 ¥ 6 fefoe glaqme ard
30T 1 FP] T fard Y T §1 FHT IeereA By W URY AT 4T AT S
u1|-1|11‘s’e|or>d|%|maﬂaﬁm&mgﬁmgmw@mwmﬁﬁ%@
(IBJA) B JEISC WR MY, IBJA GRT SIRT Tee-Ye SRR H WA g1 TMies Saent R
YR A& SR (BIS) 30 6 fEfore giades & Yl &1 TR a1 81 1Y &1 BIS Care
app TR I & gTaHTH T § Faiftrd 6 f$fSte arelt HUID &Y dfu] offe 9 & |

e U B Y5l - T B PGl S TDS B AU €. Th RUIE & BIS & Hald 3R U
Tex at & TDS & T/ 500 el 9 &6 § @ 3 Ol U aea B

o IAIE YHIUM :- ITG YHUH S & 1T YR A &R (BIS) S0 FaTRmarsif o
Wwwﬁmaﬁﬁ%ﬁwaﬂﬁwqﬂw@wm%

. TR IR W MRl ST FEIUT B §U I Bl (b ¢F Sitad | Iuant faftr
Fxgafl/Aarsit & e fuv/IaeE 3q SrEY Uieide fores @ BIS # ST dRH &I
Hgl, difch RTINS T0TaTgu] Sia- a0 R b |

. BISCareapp%ﬂﬁﬁaﬂﬁ@%ﬁmﬁw%%appaﬁﬁmﬁ%ﬁl@ﬂlﬁ
AT 30 HISSd H A=Y S B | g avg URAI AHS SRI & ATIGUS] & IHd
fAfHa g siyar Y, 39! e IR BIS Care app & HIHHH J $HR &hd ¢ |

. T ¥ et T 3 R S TR e e STe B
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e BIS & JHUA TIo13H & TaATaH & AT 9 AEh! &1 aegall iR Farsfi &t Jora

Td Y& SR G AT
o IMARI SR SRIGHT 3R YR AT & AT I AFD], AHD 3id) 3R

IR UG T[Ura SATG] & U SRl YT AT

fe<) priEmer & oid # y=udre Uarg 4t o ARIU Iuer, gt ifeRt 3 fhar AHe
A" vy W Ao srizmar # U T s ot a3/ demite! TRl /dmHaal
31 Ofvd ud trafed faari

fay o=t faaw1,2024

IS Hifcres GERTRITen H ISHINT gie gRT fay et fdad,2024 (fab 10 SR, 2024 ) B
SIS fohdT T | TANTRITE § W% Jawl o gl § S1fid ¥ 31 B o o fore Wened
9 URd A & I A feAid 05 a3t &) & ufanfrarant &1 e fosar man|

HHE ufeaiRame i
1 3T HTYOT YFaRTe 08.01.2024
2 BT UTS UfaAfar 09.01.2024

= Tt ufaaifiTaret & TR & T Jewl/ANY SE-SEe] F Jdfde S UelRkid ®Rd
§U SRYdd YT fera|

fay R= fRaw” srdwu

1. [T ot ST AR IUTEAT™

2. BHH YHRY/FE: RENER R

3.y <o s ar & el i o=, iy TR fRaae

4. 3THEAT Al 7 ule g JareM: oft ST AR Ut

5. G ST GRT SARSAM: o, ditvar @rfl, it s, it fayfaemeaa
(fawz: o=t o1 Afyepe & A1)

6. YAIG Y ot S AR JUTEHATT

R U 10 S F fay E Ry & g & Tamn oar €. 39 39 o) fazg & & yw &
TIR-UOR & foT SFRedl e & 33T J {911 oIdl &1 59 a¥ & fay =< feaw ot Afin
ft fe=dt - uRuR® 791 3R FhHw gfeww & w A | 39 M9 o1 qHve, YR & IRING
IE 3R AYAF dH-tep & o i<t Bt Yf¥resT &1 @ T

3T & ARIER THied 3R FEUdR STH BReR 7 U T RUaey 1 Alad § 98! a1d
®el 21 32 TR & IR & & § fr Ry e &) o8 Rt writg €fl, 9 Sa &
SIRRIPTY & Tl B |

U UG AR W SRAGR! Fe=d I ok WHIY YHbTd Heied - 9y o<l feaw ot sFw
gifcd YHBHATY 2| I6H FeT i SATeT Wieh, AR, T, M, TR, 3/, Aura
nfe 3=t & g 7 B9 A Yy ufexg & B &1 va Fa1 7 yaa 7 IR w1 )
fR=d urr ex-fadwr A enyfe gHifoal &t @rad gU fayardt 59 3 81 <% v &l
e W e A o<l &1 wEN B F o IR Tl Wiefed wRa gu IH-gor faw
IR g0 IR SaReA faan| Tt & ofd § fay fewdl fiaw & sraeR W omaiford ot meft
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yfoafrarett & 4T o9 9 10 fasiar ufawifial & A srfert Rewe wgley A gifides
COIERAT

oft gt FUR a1eq, WIS RERY 3 garan fF fay & &l &1 faom w31 ik we
JARTENT UTHT & AR TR 38 YaTRA-THTRa $e & Iexd 4 fay 3 vwiem) ot goama
Bt TS 3R vyw fay = e 10 S9ad 1975 &) AFTQR | Smaifora gem un ARG
39 39 71 iy &Y Raw & T A wAmr sman 81

e sfafy w. fiffar rh, TRl s, Rl fayfraea 7 < @ affear &
AR fdvg W 3ge wEied § @l B adue ofewn # =) ik urda wmwst &

faqm/denfiet aur aifog-amR onfe |fgd da-ie! e 3q U [regd §9™n S
3{TaT® B

TIRIE & 3id § fay =<t faaw & SRk R 3maforg &t it wfaaifiranstt & ymT &9 arel 10
fasrar afaHTrat &) e Sifafy et Tomg A= A e aur & 9 T@R UM fFu|

WA HRIGH &1 JIa- 9 g=garg 0= o S AR Iurer, =<t i Tadiud g1
foar |
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o feaet e s
' qgTaRoT 3R WFG TWIRA : FAHT gAifadr

HTFITeiR - ifdes TRANTRITE & TafaRul fa Td Siafafarem Aifie! THET §RT 311 15
AR 2024 B TH T BT A fhar T foreT fawg o7 * gaiarur 3R ATd WG

- GAM A |

3g9Te 93 § MR 4] el Simeel (e, HuasiiseR-ugh Hide yaimiren = sfu
WA WU & &gl i gaimemmen # gaiorvr fag wd Siaffeer At 3 JefRia sixied g
RIefor B 2Me & R gt

TRyl faT T Safafese Tifet gy F fqurmeay ST, aferere Rig 7 oA Igie |
S TR & T3 I APTA/SARIPIY Hewd i UdeTiRies Suatisrdl bt Sl 3|

S1. YR MU 3FETd (T a1+, TAUITd 9 Jfyg, Aol Jrmget 3 3ftsan =
T3S & IR H Far|

S1. AR [T @RY IARHR, O Td Wit U, YRT WPR) 7 307 IRAH H
TGHUT, TTTaRUT 3R HMHG WG & Saael W faigd IHdad STHeRI ¢ |

1. g R fArgr @ d9e, dgemssiR- Ttd) 39 IWad & Ja9d A 4=dig

9 UK v

3 R Il 59 Aoyl Je H fafte fawdl o 3 dobiie! T3l o1 HI 3mate foar o |
=0 TUioRUT AR TRIM, SiaTeRed dee fayfaenay, AdHed selifafar fum smgamsd
foeeh, gad rr%uufaw PG, HIT URAT YA IRIM (TR), TR SR |
TiaRT S faum, faeeh fayfaeme, I T URIF,HTIT |, 39T THIRERHA
3 TR UlRE Held 3 IR & | Ofgd o= &l & UM Rafdhci® 9
UgGoH A 30 3IHAl Dl 1 fhaT 9UT AT Hed1ul o ot fawaTr e JHTUM Ugd fdbar|
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Annexure I

Major R & D Projects during 2023-24

The major projects of value >50 Lakhs are listed below

Sl. Project Title Funding Agency Contract Amount
No Value Received during
(in lakhs) 2023-24
1 Study of seasonal variation of Physical Research 144.97 9.65
ozone precursor in relation Laboratory
with surface ozone over Delhi, | (A Unit of Dept. of
a mega city Space, Govt. of
India)
2 Seasonal variation of column Vikram Sarabhai 86.00 NIL
aerosol properties, aerosol Space Centre
radiation forcing and the
assessment of the impact of
absorbing (BC)and desert dust
aerosols in the mega-city of
Delhi
3 Implementation of IST service | National Informatics 94.36 NIL
using NPL controlled remote Centre Services Inc.
oscillator system for national ( NICSI)
knowledge Network at
National Informatics Centre
4 Carbonaceous Aerosols Ministry of 362.672 103.00
Emissions, Source Environment, Forest
Apportionment and climate and Climate Change
effects (MoEF)
5 National Primary Standard Ministry of New and | 2677.331 325.00
facility for cell calibration Renewable Energy
( MNRE)
6 Megacity Delhi atmospheric Ministry of Earth 198.28 NIL
emission quantification Sciences
assessment and impacts (Delhi | (MoES)
Flux)
7 Creation of Testing and Bureau of Energy 2224.00 NIL

Calibration Facility for LED and
LED based Lighting at NPL India
as per National/International
Standards

Efficiency
(BEE)
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9 Studies of stabilization of DST 80.49 NIL
ferromagnetism in
MnX(X=Al,Ga) binary alloy thin
films by ion beam irradiation
10 | Production of Certified Ministry of 1627.00 NIL
Reference Materials-Bharatiya | Commerce &
Nirdeshak Dravya (BND) Industry,
Department of
Commerce
11 | Establishment of type testing Ministry of 4736.99 2000.00
calibration and certification Environment, Forest
facility for online continuous & Climate Change
Emission Monitoring System (MoEF) Govt. of
(OCEMS) and Continuous India
Ambient Air Quality Monitoring
System (CAAQMS)
12 | Bulk preparation of p-type and | DST 58.24 19.42
n-type materials for excitonic
solar cells
13 | Design and Development of DST 98.83 NIL
flexible large area(156x156
mm2) modified perovskite mini
modules
14 | GCRF South Asian Nitrogen UK Centre for 153.13 28.27
Hub (SANH) Ecology and
Hydrology (UKCEH)
15 | Establishment of receptacles Lok Sabha 56.00 NIL
for the preservation of the Secretariat
original constitution of India in | Parliament House
New Parliament Building
16 | Dissemination of Time from Legal Metrology 149.5 146.51
RRSL Faridabad using a Division
disciplined oscillator and R & D | Department of
on optical fibers from NPL to Consumer Affairs
Faridabad
17 | High output power emitters DST 100.70602 14.14

and sensitive detectors based
on AlGaN nano-
heterostructures for deep-
ultraviolet radiation towards
biological application

(International
Cooperation
Division)
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18 | Development of NavIC based IST C-DOT 275.000 41.00
traceable Primary Reference Time | (Centre for
Clock (PRTC) for telecom sector Development of
Telematics)
19 Coal tar pitch-based fibers and its | Ministry of Textile 242.79872 222.60
conversion into carbon fibers
20 Development of Indigenous PID- Central Power 82.65 NIL

resistant Technology for Solar
Cells

Research Institute
(CPRI)
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Annexure II

Awards & Achievements

Distinguished National/ International Award

Dr. Govind Gupta received the MRSI- Distinguished Lectureship Award from the
Materials Research Society of India (MRSI) for the year 2023-24.

Dr. Bhanu Pratap Singh received BD Bangur Award -2023, from The Indian Carbon
Society in the field of carbon science and technology for encouraging and
promoting research work in the field of carbon.

Dr. Shibu Saha received the prestigious ‘APMP Young Metrologist Prize for
Developing Economies-2023" awarded by APMP (Asia Pacific Metrology
Programme) in recognition of his efforts in APMP's activities among young
metrologists in developing economies.

Dr. Anshul Varshney received the IEEE Power and Energy Society Outstanding
Chapter Engineer Award for 2023.

Dr. Kriti Tyagi received Young Scientist Award 2023 by the International Society
for Energy, Environment and Sustainability (ISEES), constituted by IIT Kanpur.

Fellowship/ Grants

Dr. Monika Kulshreshtha was awarded as a Fellow of Indian Geophysical Union

Dr. Bhanu Pratap Singh received Raman Research Fellowship 2023-24 to visit the
Aalto University, Finland during 16-03-2024 to 15-07-2024.

Dr. Komal Bapna was awarded with ‘CSIR-Raman Research Fellowship for 2023-
2024’ on ‘Realization and Dissemination of the Thermodynamic Scale based on
Acoustic Gas Thermometry' to work with Dr. Roberto Gavioso, Head of Physical
Thermodynamics Group, National Institute of Metrological Research (INRiM) Italy,
for a period of 06 months from 29th March 2024 to 28th Sept. 2024.

Dr. Kriti Tyagi recieved the prestigious SERB International Research Experience
(SIRE) fellowship 2023 to work at Northwestern University, Chicago.

Dr. Anuj Krishna awarded with DST-SERB-ITS (Young Scientist) grant for
attending and presenting poster at ICCGE-20 at Naples during 2023.

Ms. Saloni Sharma was awarded with prestigious Mehta Rice Engineering Scholar
Program (MRSEP-2023) fellowship during (Sept. - Dec. 2023)

Best Paper/ Poster Award

Aarti received Best Poster Award at International Workshop on Advanced
Materials Challenges and Standardization need for Net Zero Technologies,
AMCSNZT-2023 at CSIR-NPL (9-12 Oct. 2023).

Chinky Kochar received Best Poster Award for the poster on Reduced graphene
oxide supported Zn/Al double layered hydroxide for adsorptive removal of lead,
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arsenic and cadmium: Experimental and statistical analysis in MSA-ISPT 2023
Conference, Perth Australia (03-07 Dec. 2023).

Urvashi Varshney received Best Poster Award in the AcSIR-RMIT workshop held
at CSIR-NPL (05 Dec. 2023).

Leeza Dutta received Best Poster Award in CSIR-NPL & RMIT Australia joint
International One-day workshop on ‘Creating Intellectual Infrastructure for
Mentoring the young Graduates’ at CSIR-NPL (05 Dec. 2023).

Neha Yadav, Amit Choudhary, S. P. Singh, Rajesh, and A.M. Biradar received Best
National Level Poster Presentation Award titled “Smectic layer reorientation in

Ferroelectric liquid Crystal” in the India International Science Festival (IISF-2023)
at CSIR-CRRI (13 Dec. 2023).

Ankur Rana received Best Poster Award at International Conference on Atomic,
Molecular, Material, Nano and Optical Physics with Applications (ICAMNOP-2023)
at Department of Applied Physics, Delhi Technological University Delhi (20-22
Dec. 2023).

Rahul Kumar, V. Aggarwal, S. Gautam, Aditya Yadav, B. Singh, G. Gupta, and Sunil S.
Kushvaha received Best Poster Award at International Conference on Thin Films
and Nanotechnology-Knowledge, Leadership and Commercialization (ICTN-KLC
2023) at IIT Madras, Chennai, for the paper entitled, “MoSe2/n-GaN Hybrid
Structures for Enhanced UV & NIR Photodetector” (6-8 Jul. 2023).

Leeza Dutta received Best Poster Award at International Conference on Advances
in Spectroscopic Techniques and Materials (ASTM-2024) at IIT(ISM) Dhanbad
(18-20 Jan. 2024).

Kumar, V., Khatkar, A, and Ahmad, S received Best Poster Award for “A
comprehensive overview of synchrophasor technology in phasor measurement
unit-based wide area monitoring system” in International Conference on Science
and Technology for Sustainable Future, MDU University, Rohtak, Haryana (7-8
Feb. 2024).

Bheem Singh, G. C. Behera, Bipul K. Pradhan, Sudhanshu Gautam, Rahul Kumar,
Vishnu Aggarwal, Jai S. Tawale, M. Senthil Kumar, R. Ganeshan, Somnath C. Roy,
and Sunil S. Kushvaha received Best Poster Award at National Science Day, CSIR-
NPL, for the paper “PtSe2 flakes decorated TiO2Z nanotubes for
photoelectrochemical water splitting” (28 Feb. 2024).

Gaurav Gupta, J.K. Sahu, S. N. Naik, and D.D. Shivagan received Springer Best Paper
Award at AdMet 2024, Gurugram University for the Paper entitled “Dissimination
of the Metrological Traceability to Field Level Food Grain Moisture Meters by
Developing Reference Materials”. (7-9 Mar. 2024).

K. Alang, S. G. Aggarwal, Khem Singh, D. Soni, and P. Hegde received Best Poster
Awards for poster “Light absorption characteristics of different polarity brown
carbon fractions in Delhi aerosols”, presented at National Science Day Poster
Exhibition (28 Feb. 2024).

Kiran, N. Vijayan, Divyansh Joshi, Jyoti, and Chetan received Best Poster Award for
the poster entitled “Line Position and Line Shape Standard for Powder Diffraction
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(Lanthanum Hexaboride Powder) BND 2025-P” in National Science Day
celebrations at CSIR-NPL (28 Feb. 2024).

Komal, Annu Verma, Pallavi Kushwaha, Jaidev, ]. S. Tawale, Nidhi Singh, and H. K.
Singh received Best Poster Award for the poster entitled “Structural, Transport
and magnetic properties of Mn-Ni-Sn melt spun ribbons” in National Science Day
celebrations at CSIR-NPL (28 Feb. 2024).

Leeza Dutta received Best Poster Award in the National Conference on Chemical
Physics (NCCP-2024) at Assam University, Silchar (19 Mar. 2024).

Pukhraj Prajapat received Best Poster Award in National Conference on
Environment and Human Health: Current Challenges organized by CSIR-NPL (15
Mar. 2024).

Riya Malik received Best Poster Award (second prize) in the National Science Day
- 2024 celebration at CSIR-NPL (28 Feb. 2024).

Saloni Sharma received Best Poster Award (second prize) in the National Science
Day - 2024 celebration at CSIR-NPL (28 Feb. 2024).

Stuti Srivastava received Best Poster Award in the National Science Day Poster
Competition at CSIR-NPL (28 Feb. 2024).

a1 @:ﬁ i S, 3YdId], T ﬁl_s' 3ﬁT S{THT R[d<Tl received Best Poster Award at
Hindi Conference U“CIW 3R AFG W gdqH ﬂ:ﬁﬁ“ﬁﬂ at CSIR-NPL (15t

March 2024).

Editorial Board of Reputed Journals

Dr. Monika Kulshreshtha performed as a Member of Editorial Board, Journal of
Indian Geophysical Union.

Other

Shubhendra K. Jain received Prof. Baldev Raj Memorial Award for Best PhD Thesis
under AcSIR-RMIT University Joint PhD Program at AcSIR (Oct. 2023).

Dr.Ashish Agarwal was nominated a member from India on BIPM CCTF working
group on Moon Reference Time.

Dr Poonam Arora has been added as member to represent India at BIPM CCTF Task-
force on Redefinition of SI Second.
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Staff, Patents, Reports & Financial Outflow

Annexure III

. Regular Staff in Position as on 31.03.2024

TOTAL NUMBER =375
Average Age 47.31

Admn
28.80%

Group |
4.00% Group I
12.00%

Group IV
31.73%

oGroup IV
EGroup Il
OGroup Il
OGroup |
DAdmn

Group llI
23.47%

. New Recruitments (2023-24)

S. No. | Name Designation

Date of Joining

NIL

. Patents & Reports
- Patents Applications filed in India:03
- Copyrights filed in India: 02

° Budget flow (in Lakh)

4.13667

134.94886

771.53004
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- Patents Granted in India:10
- Copyrights registered in India: 01

M Salary & Sal. Linked Allowances

B Contengencies

M Lab. Maintenance

B Chemical/ Consum. & Other Res.

Exp.

H Works & Services/ Elec.
Installation (Lumpsum)
m App. & Equip/ Computer

Equipments
m Library

m Staff Quarter (Construction)

(Lumpsum)




Patents & Copyright list

Annexure IV

Filed in India
SNo | Title Inventors Prov. Comp. Application
Filing Filing No.
Date Date
1 A GREEN PROCESS FOR PARVEEN SAINI, ANUJ, | --- 26-Jun- 202311042898
THE RECYCLING OF NEHA, RAHUL SAHA, 2023
PHARMACEUTICAL SUSHIL KUMAR
BLISTER PACKAGING VIA
METAL/ POLYMER
DELAMINATION
2 A HIGHLY SENSITIVE ALOK PRAKASH, 04-Sep- 202311059463
LOW-COST, SMALL-SIZED | PRACHI TYAG], 2023
DEVICE FOR MEASURING ANURAG KUMAR
WEAK MAGNETIC FIELDS | KATIYAR, SATYA KESH
DUBEY
3 A SINGLE STEP PROCESS PARVEEN SAINI, NEHA, | 23-]Jan- 202411004790
FOR THE RECYCLING OF ANUJ, RAHUL SAHA, 2024
METAL/POLYMERS SUSHIL KUMAR
LAMINATES
Granted in India
SNo | Title Inventors Prov. | Comp. | Application Grant | Patent
Filing | Filing | No. Date | No.
Date | Date
1 LIGHT WEIGHT SANJAY 26- 26- 3615DEL2012 | 17- 432074
CARBON FOAM AS RANGNATH Nov- | Nov- May-
ELECTROMAGNETIC DHAKATE, 2012 | 2013 2023
INTERFERENCE (EMI) | RAJEEV KUMAR,
SHIELDING AND RAKESH BEHARI
THERMAL INTERFACE | MATHUR,
MATERIAL FOR PARVEEN SAINI
AEROSPACE
APPLICATIONS
2 LOW COST AND HIGH | SANJAY 06- 2227DEL2014 | 25- 432876
YIELD ELECTROSPUN | RANGNATH Aug- May-
POLY(VINYL DHAKATE, 2014 2023
ALCOHOL) BASED ASHISH GUPTA,
CARBON NANOFIBERS | ANISHA
CHAUDHARY,
RAKESH BEHARI
MATHUR
3 DESIGN AND AGGARWAL 17- 06- 201711013523 | 01- 464709
DEVELOPMENT OF A SHANKAR G, Apr- Apr- Nov-
HIGH-VOLUME PM2.5 | PATEL 2017 | 2018 2023
IMPACTOR PRASHANT, TSAI
CHUEN JINN,
SONI DAYA,
SINGH KHEM,
KOTNALA
RAVINDER
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KUMAR,
TOMOAKI
OKUDA, GUPTA
PRABHAT
KUMAR, OJHA
VIJAY NARAIN,
ASWAL DINESH
KUMAR
HIGH PERFORMANCE | SANJAY 26- 2417DEL2014 | 01- 476159
LIGHT WEIGHT RANGNATH Aug- Dec-
CARBON FIBER DHAKATE, 2014 2023
FABRIC - ANISHA
ELECTROSPUN CHAUDHARY,
CARBON NANOFIBERS | ASHISH GUPTA,
HYBRID POLYMER RAKESH BEHARI
COMPOSITES MATHUR
MAGNETIC SAINI PARVEEN, 30- 30- 2891DEL2013 | 05- 477069
NANOPARTICLES ARORA MAN]JU, Sep- Sep- Dec-
DECORATED KOTNALA 2013 | 2014 2023
ACTIVATED CARBON RAVINDER
NANOCOMPOSITES KUMAR, BARALA
FOR PURIFICATION OF | SUNIL KUMAR,
WATER PANT RAJENDRA
PRASAD, PURI
CHANDNI
LOW COST AND HIGH | ASHOK KUMAR, 15- 201711040726 | 06- 477343
SENSITIVITY POLAR- RAVIKANT, Nov- Dec-
RESISTIVE HUMIDITY | SHESHAMANI 2017 2023
SENSOR SINGH, HITESH
BORKAR,
GAURAV GUPTA,
SHASHANK
SINGH, SANJAY
YADAYV,
PREMSHANKAR
KEDARNATH
DUBEY, VIJAY
NARAIN OJHA
A PROCESS FOR THE SINGH BHANU 25- 25- 201611036488 | 14- 482344
PREPARATION OF PRATAP, TEOTIA | Oct- Oct- Dec-
CARBON FIBER- SATISH, 2016 | 2017 2023
CARBON NANOTUBES | DHAKATE
REINFORCED SANJAY
POLYMER RANGNATH
COMPOSITES FOR
HIGH STRENGTH
STRUCTURAL
APPLICATIONS
AMETHOD FOR SHANKAR 30- 2336DEL2015 | 04- 494720
NUMBER COUNT GOPALA Jul- Jan-
EFFICIENCY CHECKS AGGARWAL, 2015 2024
OF PARTICULAR BIGHNARA]
COUNTER BASED ON SARANGI,
CORRESPONDING SUDHANSHU
PARTICLE MASS KUMAR, KHEM
COLLECTED IN SINGH, PRABHAT
PARALLEL KUMAR GUPTA,
ANIL KUMAR
ELECTROMAGNETIC DUBEYPK, OJHA | 01- 23- 201611041059 | 15- 499085
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ACOUSTIC VN, SINGH Dec- Nov- Jan-
TRANSDUCER SHASHANK 2016 | 2017 2024
EXCITATION SOURCE
WITH
PROGRAMMABLE
TONE BURST
GENERATOR
10 | APROCESS FOR THE DHAWAN 07- 1273DEL2015 | 29- 504335
PREPARATION OF SUNDEEP May- Jan-
ELECTROMAGNETIC KUMAR, KUMAR 2015 2024
FOAM INCORPORATES | AMIT
WITH FLY ASH
Copyrights filed in India:
SNo | Title Diary No Date of Registration Date of
Filing No Registration
1 TIME TAG DATA 5452/2024- 19-Feb- SW- 03-04-2024
PROCESSING SOFTWARE | CO/SW 2024 18588/2024
2 PC BASED CONTROL 18856,/2023- 18-Jul- SW- 20-Sep-2023
AUTOMATION AND Co/SW 2023 17268/2023
ANALYSIS SOFTWARE
FOR SWEEP FREQUENCY
ULTRASONIC
INTERFEROMETER
Copyrights registered in India:
SNo | Title Diary No Date of Registration Date of
Filing No Registration
1 PC BASED CONTROL 18856/2023- 18-Jul- SW- 20-Sep-2023
AUTOMATION AND CO/SW 2023 17268/2023
ANALYSIS SOFTWARE
FOR SWEEP FREQUENCY
ULTRASONIC
INTERFEROMETER
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CSIR-NPL: The National Metrology Institute of India
Member, BIPM and Signatory CIPM-MRA

Director, CSIR-NPL

Tel.: +91-11-45609201, 45609301

Email: director.nplindia@csir.res.in

Editing, Compiling and Publication

Sh. Ashish Ranjan, Senior Principal Scientist (Chairman)
Dr. Abhishek Sharma, Principal Scientist (Convener)

Dr. Poonam Arora, Senior Principal Scientist (Member)
Dr. Arun Kumar Upadhayaya, Senior Principal Scientist (Member)
Dr. Bipin Gupta, Senior Principal Scientist (Member)

Dr. N. Vijayan, Senior Principal Scientist (Member)

Sh. V.K. Jaiswal, Senior Principal Scientist (Member)

Dr. Praveen Kumar Siwach, Principal Scientist (Member)
Dr. Priyanka Jain, Senior Principal Scientist (Member)
Dr. Manoj Kumar, Principal Scientist (Member)

Dr. Shibu Saha, Senior Scientist (Member)

Dr. Kriti Tyagi, Senior Scientist (Member)

Dr. Anuj Krishnan, Senior Scientist (Member)

Dr. Avni Khatkar, Senior Scientist (Member)

Dr. Unnikrishnan V.T., Senior Scientist (Member)

Dr. Neeraj Bhanot, Senior Scientist (Member)
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