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Welcome !!!

e to the Washington DC Area
« to the National Institute of Standards and Technology
« to the 2" SIM Metrology School

National Institute of | NIST

National Institute of

Standards and Technology. | I. U e e



SIM Metrology School

PROGRAM
TIMETABLE 10/28/2013 10/29/2013 10/30/2013 10/31/2013 11/01/2013
8:30AM — 9:00 AM Intro/Welcome Statistics and .
. . Electrical Legal Metrology
Willie May, NIST Uncertainty .
- . Dave Inglis Carol Hockert
9:00AM - 9:30AM International Metrology Antonio Possolo NRC NIST
Jim Olthoff Mass/Density NIST
9:30AM — 9:45AM NIST Force/Torque Metrology
9:45AM - 10:00AM BREAK Francisco Garcia Challenges of Chemistry
. . Pressure .
10:00AM - 10:30AM CESMEC Climate Science Doug Olson David Duewer
Temperature James l\?IST Katrice Lippa
Edgar Mendez Whetstone NIST
CENAM NIST
10:30AM — 11:00AM BREAK BREAK BREAK BREAK
11:00AM — 11:30AM Time and
- - Volume/Flow Dimensional Photometry Bio-metrology
11:30AM = 12:00PM Roberto Arias Ted Doiron FI{:SIuSeonI(i:! Yoshi Ohno Marc Salit
CENAM NIST CENAMEP NIST NIST
12:00PM - 1:00PM LUNCH
1:00PM — 1:30PM Site Visit Quality
1:30PM — 2:00PM Gabriela de la
Ph | P .
E E Guardia
T T v v b | M CENAMEP
2:00PM —2:30PM
P | Ph Bio/Chem Tours
2:30PM — 3:00PM MML. NIST
3:00PM — 3:30PM BREAK BREAK BREAK ’
3:30PM —4:00PM p | ph Final Exam
4:00PM — 4:30PM BREAK
4:30PM = 5:00PM ! ! ! ! . ° Ph| P : : Graduation
5:00PM - 5:30PM




NIST is part of the Department of COMMERCE

Penny Pritzker
Secretary of Commerce

National Oceanic International Patent and National Institute Economics and Other
and Atmospheric Trade Trademark of Standards & Statistics Agencies....
Administration Administration Office Technology Administration

(Census Bureau)

(National Weather
Service)

Pat Gallagher
NIST Director,
Under Secretary of Commerce for Standards and Technology, and
Acting Deputy Secretary of Commercg


Presenter
Presentation Notes

Confirmed as the 14th Director of NIST on November 5, 2009



National Institute of
Standards and Technology (NIST)
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* Non-regulatory
agency within

U.S. Department Article I Sectlon 8 The Congress shaII have the power to

..coin money, regulate the value thereof, and of foreign coin,
Of Commerce and fix the standard of weights and measures

e Founded in 1901 as

National Bureau of
Standards

Unigue Mission within the Federal Government ...

to promote U.S. innovation and industrial competitiveness by advancing
measurement science, standards, and technology

In ways that enhance economic security and improve our quality of life
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Presentation Notes
Constitution – 1787 – gave the Congress the authority to create relevant standards


CORRECT MEASURES

N IST (N B S) estab I |S h ed | N 1901 THE EVENING STAR, MONDAY, MARCH 11, 1001

“It is therefore the unanimous opinion of . —

your committee that no more essential aid LABORATORT 1 B8 DRRCIEN

could be given to VA D o Ol B
] tails Meed of Establishment.

 manufacturing b R RREEE aan

e cOmmerce
» the makers of scientific apparatus
 the scientific work of Government
» schools, colleges, and universities

than by the establishment of the institution House Committee on Coinage, Weights and
proposed in this bill.” Measures ... on the establishment of the
National Bureau of Standards (now NIST)
May 3, 1900

Organic Act of 1901; Updated in 2008

Functions and activities of the Institute include:
e custody and dissemination of national standards.
e determination of physical constants and the properties of materials,
e comparison of US national standards with those of other nations
« solutions to measurement and standards problems of other government agencies
e providing (Innovation) assistance to industry
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Organic Act details
Functions and activities of the Institute include:

Custody and dissemination of national standards
Calibrations, Certified Reference Materials, Reference Data, . . .
Determination of physical constants and the properties of materials, 
when such measurements, standards and data are of great importance and are not
to be obtained of sufficient accuracy elsewhere.
Comparison of US national standards with those of other nations
Solution of standards problems for industry and other government agencies
Assistance to industry 
In the development of measurements, measurement methods and basic measurement technology
In the development of technology and procedures needed to improve quality, modernize manufacturing processes, ensure product reliability and cost-effectiveness, promote more rapid commercialization …
Operation of National User Facilities



© R. Rathe

NIST Programs

NIST Laboratories

» Provide measurement and standards solutions for industry and the
nation

Hollings Manufacturing Extension Partnership
= Nationwide network helps smaller manufacturers compete globally

National Advanced Manufacturing Program Office

= Enhances technology transfer in U.S. manufacturing industries and
helps companies overcome technical obstacles to scaling up
production of new technologies

Baldrige Performance Excellence Program
= Strengthens performance excellence in U.S. organizations



NIST-at-a-Glance

Major Assets
» ~ 3,000 Employees; 1800 Scientists and Engineers
» ~ 2,800 Associates and Facilities Users

* ~ 400 NIST Staff on ~1,000 national and international
standards committees

NIST has two main campuses......

S

Gaithersburg, MD Boulder,

62 buildings; 578 acres 26 buildings; 208 acres

+ two sites housing NIST radio stations:
* Ft. Collins; 390 acres
» Kauai; US Navy 30 acre site

NIST FY 2013 Congressional Appropriations
$763M

Scientific and Technical Research
Services

' m Industrial Technology Services
v Construction of Research Facilities

Plus

~ $120 M from other Government Agencies
~ $50 M for other reimbursable services

CcO

and five joint institutes

« JILA — AMO physics
« JQI — quantum science

« |IBBR — biotech

e HML — marine science
« NCCOE - cybersecurity
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JILA – Joint Institute on Laboratory Astrophysics – between NIST and University of CO
JQI – Joint Quantum Institute – NIST, UMD-College Park, NSA
IBBR – Institute on Biotechnological and Biosciences Research – NIST and UMD-CP
HML – Hollings Marine Laboratory  -- NIST, NOAA, College of Charleston, Medical Univ. of SC, SC Dept. of Natural Resources

NIST Campuses/Sites 
. Gaithersburg – 55 buildings & structures totaling 3.5M gsf on 578 acres, built in the 1960’s. Latest buildings added in 1999 and 2003. 
. Boulder – 26 buildings & structures totaling 0.5M gsf on 208 acres, built in the 1950’s. 
. Ft. Collins – a 390-acre site housing NIST radio stations, built in 1963. 
. Kauai – 6,000 gsf building housing NIST radio station, located on US Navy’s 30 acre site in Hawaii (1971). 



NIST: A Premier Scientific Institution
A world-leading measurement science and standards program

= Work resulting in 4 + 1 Nobel Prizes since 1997
= Kyoto Prize winner in 2011

= MacArthur Fellowship winner in 2003

(M nfum_u" .

= National Medal of Science winners in 1998 and 2007

Dan Shechtman
2011 Nobel Prize
in Chemistry based
on work while Visiting
Scientist at NIST

Debbie Jin = ~ 10 National Academy Members

2003 MacArthur
Genius Grant
2013
L’Oreal/UNESCO
“For Women in
Science” award

~120 National Society Fellows

= ~60 National/International Awards/yr

i
David Wineland

4 HEtwood

John Hall John Cahn

Bill Phillips Eric Cornell
1997 Nobel Prize 2001 Nobel Prize 2005 Nobel Prize 2007 National Medal of 1997 National Medal of
in Physics in Physics in Physics Science Science

2010 Nobel Prize

2011 Kyoto Prize
in Materials Science


Presenter
Presentation Notes
 While we recognize that  NIST was established to deliver science-based Measurement Services
 In order to carry this mission to serve a broad, diverse and dynamic customer base, it has been essential for us to establish and maintain a world class,  broad, diverse and dynamic research program. 

As eloquently stated by highly regarded former Director  Alan Astin, ….. 

 In addition to developing and maintaining our National standards, we must maintain a research program that keeps abreast with the Frontiers of Science.

 Balancing research with Measurement service delivery, and

 recognizing and rewarding our staff involved in that enterprise has been a challenge for us in recent years.





NIST is still focused on the Realization of the Si

| )@ “ NISTFL
pendulum clock | & ___¢ = atomic clock
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single
electron
counter
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current standard ° |
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8 electronic
kilogram
(20xx)

physical artifact
(1889)

Copyright 2001 Robert Rathe
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Standards have evolved from extrinsic (physical artifacts) to intrinsic (defined in terms of un-altering physical processes)
NIST physicist Richard Steiner positions a mass standard at a special NIST facility designed to help redefine the kilogram in terms of current and voltage. Mass is the only one of the seven basic measurement standards that is still defined in term of a physical artifact, a century-old platinum-iridium cylinder weighing one kilogram that is housed in a special vault in France. NIST's electronic kilogram project aims to stabilize mass-related measurements over the next several decades by defining mass through electrical and other electronic standards (such as lasers). The two story high apparatus works on the same magnetic principles as electric motors and generators. It measures, with great precision, how much current passes through a wire coil in a strong magnetic field to balance the pull of gravity on a one-kilogram mass standard, and how much voltage is generated by moving the coil. Separate systems in the laboratory determine reference levels for voltage and gravity. 
Industrial needs drive the required accuracy for standards

Single electron counter  The unit of capacitance, the Farad, is realized through a complex instrument known as the calculable capacitor, which determines capacitance through a measurement of length. This approach is very precise, but the instrument is difficult enough to create and operate that only a few exist in the world. NIST researchers have developed a prototype new capacitance standard based on the definition of capacitance C=Q/V, where Q is the charge placed on the capacitor and V is the resulting voltage. The enabling technology for this new approach is nanoscale electronic devices that can manipulate and detect individual electrons. These single electron tunneling (SET) devices are based on extremely small tunnel junctions (typically 40 nm on a side) fabricated through electron-beam lithography. A chain of 7 SET devices in series (see figure) is used to pump approximately 100 million electrons (±1 electron) one at a time onto a capacitor held at very low temperature (50 mK). The voltage across the capacitor is measured, calibrating the capacitor. Since the heart of this system is the SET electronic chip, multiple copies of the new standard can be made each with identical intrinsic accuracy. Work is now underway to compare the capacitance determined with the Electron Counting Capacitance Standard to that of the calculable capacitor.


Research to Develop Future Clocks

Optical clocks have the potential for accuracy
about 1,000 times better than the cesium
fountain (atomic) clock that currently serves as
the US primary time and frequency standard
(10-18, 1 second in 30 billion years).

5 rBeam Reflections

Laser-cooled calcium trap

Single
lon

~I

Single mercury ion trap
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NIST-F1 is a cesium fountain clock or atomic clock in the National Institute of Standards and Technology (NIST) in Boulder, Colorado, and serves as the United States' primary time and frequency standard. The clock took less than four years to test and build, and was developed by Steve Jefferts and Dawn Meekhof of the Time and Frequency Division of NIST's Physical Measurement Laboratory.[1]

The apparatus consists of counter-propagating lasers that cool and trap a gas of cesium atoms. Once trapped, two vertical lasers propel the atoms upward inside a microwave chamber. Depending on the exact frequency of the microwaves, the cesium atoms will reach an excited state. Upon passing through a laser beam, the atoms will fluoresce (emit photons). The microwave frequency which produces maximum fluorescence is used to define the second.[1]

Similar atomic fountain clocks, with comparable accuracy, are operated by other time and frequency laboratories, such as the Paris Observatory, the National Physical Laboratory (NPL) in the United Kingdom and the Physikalisch-Technische Bundesanstalt in Germany.[1]

As of 2010, the clock's uncertainty was about 3 x 10-16
. It is expected to neither gain nor lose a second in more than 100 million years.[1]



DNA as an Intrinsic Force Standard
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= DNA can be manufactured to atomic precision -
anywhere in the world.
e
= The force required to induce DNA transition is
used as a biophysics “standard” — but firm
metrological basis does not exist
e
= NIST is working to measure the DNA transition
force with traceable metrology using
approaches based on both optical and AFM .

techniques.




Redefinition of the kilogram

Currently:
“The kilogram is the unit of mass; it is equal to the

mass of the international prototype of the kilogram.”
3¢ CGPM, 1901

. New York Times
However: vy
Scientists Struggling
to Make the Kilogram Right Again
...The kilogram is getting lighter, scientists say,
sowing potential confusion over a range of scientific
endeavor...
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Since our inception, in addition to maintaining the more traditional
National physical standards, we have also focused a significant
portion of our research and measurement services activities on
addressing contemporary societal needs.




U.S. Innovation Agenda — NIST has an increasing role

Advanced Manufacturing

= NIST Labs
— Precision Measurements
— Bio and Nanomanufacturing
— Additive Manufacturing
— Advanced Materials

= National Advanced Manufacturing Program Office

— AMTech
— NNMI

= Manufacturing Extension Partnership
— MTAC

Cybersecurity

=  Executive Order — Framework for Critical Infrastructure
= National Cybersecurity Center of Excellence

Advanced Communications

Forensic Science

Healthcare



Standards Coordination Office
Standards Services Division
NIST Quality Manager

Associate Director for
Laboratory Programs

NIST Laboratory Program

providing measurement solutions for industry and the nation

Special Programs Office

Law Enforcement Standards, National Security
Standards, Climate Assessment & Advanced
Communications Programs

Material
Measurement
Laboratory

Physical

Laboratory

Metrology Laboratories

Driving innovation through
Measurement Science and Standards

Measurement

Accelerating the adoption and deployment of
advanced technology solutions

.

munication
echnology
aboratory

|

Center for
| NIST Center
I Nanoscale

. for Neutron
] Science and
Research

'l Technology
|

National User Facilities

Providing world class, unique, cutting-edge
research facilities

NIST Lab Resources for FY13
~ $580 million from Direct Appropriations

~ $120 million from Other Federal and State Agencies

~ $50 million for other reimbursable services
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The vast majority of NIST Calibrations, SRMs and SRD will be provided by two Metrology Laboratories (PML and MML)

Among other advantages, the new reorganization will provide:
 the opportunity and expectation to better focus, balance and intertwine our research program with our measurement services delivery program
 the empowerment along with the responsibility to more efficiency and effectively delivery these services
 an unambiguous accountability chain –with the buck stopping with the OU Director   !!!  







NIST Metrology Laboratories

Responsible for advancing the state-of-the-art for measurement science and the
dissemination of this metrology into industry, other government agencies, and

academia.

The Material Measurement Laboratory (MML)
serves as the national reference laboratory for
measurements in the chemical, biological, and
material sciences through activities ranging from
fundamental and applied research, to the
development and dissemination of certified
reference materials, critically evaluated data, and
other programs/tools to assure the quality of
measurement results.

The Physical Measurement Laboratory (PML)
develops and disseminates the national
standards of length, mass, force and shock,
acceleration, time and frequency, electricity,
temperature, humidity, pressure and vacuum,
liguid and gas flow, and electromagnetic,
acoustic, ultrasonic, and ionizing radiation
through activities ranging from fundamental
measurement research to provision of measurement
services, including calibration services, standards,
and data.
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Presentation Notes
Top Picture is a rendition of a frequency comb.

Steel vessels:  Petroleum Volume: Getting Calibrations in the Can - The U.S. petroleum industry relies on volume measurements traceable to NIST, specifically to the Flow Metrology Group in PML's Sensor Science Division, to ensure maximum accuracy.

Orange cylinder:  the first superluminal light pulses made by using a technique called four-wave mixing, creating two separate pulses whose peaks propagate faster than the speed of light in a vacuum. could have a significant impact on optical communications systems in which signal quality may be improved by speeding up or slowing down pulses. In addition, investigation of the quantum-mechanical correlations between the seed and conjugate pulses will provide fundamental insights into quantum coherence, with potential implications for future quantum information-processing.




NIST Technology Laboratories

Information Technology Laboratory
= Cybersecurity

» Cloud Computing

= |dentity Management
= Computer Forensics -
= Wireless Communications

= Health IT

Engineering Laboratory
= Building Technologies
* Fire Research
= Smart Grid & Energy Technology
» Advanced Manufacturing Technology




User Facilities

The Center for Nanoscale Science and Technology (CNST) operates a national,
shared-use facility for nanoscale fabrication and measurement and develops
innovative nanoscale measurement and fabrication capabilities to support
researchers from industry, academia, NIST, and other government agencies in
nanoscale technology from discovery to production.

CNST Research Participant Institutions
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The NIST Center for Neutron Research (NCNR) operates a national user facility
providing neutron-based measurement capabilities to U.S. researchers from
industry, academia, NIST, and other government agencies in support of materials

research, neutron imaging, chemical and biological analysis, neutron standards,
dosimetry, and radiation metrology.

S ft A consortium focused on neutron-based measurement science
n O To support the manufacturing of Soft Materials




NATIONAL INSTITUTE
OF STANDARDS AND

TECHNOLOGY

UNITED STATES DEPARTMENT OF COM

100 Bureau Drive

Thanks for Your Attention

and come back to visit us

Willie E. May
Associate Director for Laboratory Programs & Deputy Director
National Institute of Standards and Technology

100 Bureau Drive
Gaithersburg, Maryland 20899-1000

(301) 975-2300
wem@nist.gov
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