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Metrology: the World’s Premier Measurements Community

"l often say that when you can measure what
you are speaking about, and express it In
numbers, you know something about it; but
when you cannot measure it, when you cannot
express it in numbers, your knowledge Is of a
meager and unsatisfactory kind . . ."

-- Lord Kelvin (1824 — 1907)
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Metrology: The Science of Measurements
Metrology (System): A "redefinition" of the general term by Jerry Hayes of U.S. Navy Metrology Engineering Center at Pomona, CA, circa 1956, to cover the concept of a total measurement system, which provides a process for establishing an unbroken chain of measurement traceability back to a primary (national or global) standard, and includes the considerations of accuracy ratios and measurement uncertainty. 
In the last several decades, the word metrology has been used LESS in speaking of measurement science in general. But it is used MORE when we speak of the higher-level Standards and Calibration and Measurement Systems of the world. Metrologists are the measurement experts working in the Standards and Calibration laboratories and the National Measurement Institutes (NMIs) who are charged with assuring that a measurement made ANYWHERE in a research lab or production line, will boast an accurate and confident measurement uncertainty.
Electronics: A term coined for the title of a new trade magazine, Electronics, (McGraw-Hill Publishing Co) for the emerging radio and associated business and products (including measurements) using electronic (vacuum tube) technology. Circa, 1930. [1]

You as the those metrology managers are the keepers of the flame of accuracy and traceability of measurement data and measurement assurance. 

A quick disclaimer. During my talk today, I will discuss Hewlett-Packard (HP) which was the founding instrument company, established in 1939. In the year 2000, the test and measurement product line of hundreds of instruments was transferred to a new company, Agilent Technologies, which is my present employer. So I will speak somewhat interchangeably between the two company names, although all test and measurement is now all at Agilent Technologies.


The Metrology of Antiquity

Chinese length
standards based
on the resonance
tone of ‘standard’
bamboo whistles

Royal Egyptian cubit, based

on the size of the Pharaoh'’s

forearm and hand Carob seeds, used to
derive the carat
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A good case can be made for asserting that measurements have been with us for thousands of years. We all know that the builders of the Egyptian pyramids had established a fairly sophisticated system of measurement standards, including the length quantity called the cubit. 
It seems certain that an advanced civilization such as the ancient Dynasties of China, thousands of years ago, also would have required measurement systems for weights and measures for all the "industry and construction" of the time. In fact, it could be argued that most civilized human populations which were engaged in trade and commerce would have needed such systems to provide equity in trade and commonly accepted honesty in the weights and measures of commerce. 
We can assume that most societies did establish some of those types of "technology measurement" systems. And further that they would have contained some elements of traceability to common standards. 
With the dawn of scientific research, measurements became the key to understanding the science. Be they physical, astronomical, chemical, electrical, or whatever, the researchers developed measurement devices. Optical measurements would have been lens and prisms and angles and distances. Astronomical research would have been optical plus careful measures of time and angles. Electrical would have been rudimentary meters and gold-foil electrostatic leaves. Every area of scientific endeavor has been obliged to invent its own measurement technology and standards.


~Ire Hoses Don’t Match Up

» Efforts in the 1830s to provide some
national U.S. coordination of weights
and measures.

 March 3, 1901: Congressional
Charter for National Bureau of
Standards.

* Baltimore Fire of 1904 demonstrated
that fire hose standards were crucial.

» “Great Baltimore Fire of 1904” -- 1500
buildings burned to the ground

> Fire crews arrived from Washington,
D.C., and New York City -- but their
hoses would not fit Baltimore’s
hydrants

> More than 600 different fire hose sizes
and hydrant connectors were in use
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U.S. National Bureau of Standards (NIST)
As in most nations, the United States had provided a federal office for weights and measures in its early years. The first serious efforts in this sector were made in the 1830's, and yet, some people didn't like the idea of imposing the federal government into industry and commerce. The efforts and budgets were meager. With time, strong scientific pressure led to the Congressional Chartering of the National Bureau of Standards on March 3, 1901. Imagine waiting to start an official federal agency until there were reports that across the nation there were fully EIGHT different standards for the gallon measure. Equity in trade was only ONE of the many reasons a common national standard agency was urgently needed. 
On February 7, 1904, a terrible calamity occurred which any common citizen could understand. The "Great Baltimore Fire" started small but grew rapidly, and ultimately consumed 70 city blocks. As the disaster progressed, fire companies were called in from as far away as New York City, up to 57 engine companies responded. But alas, why didn't anyone foresee that the hose coupling threads of most of the nation's cities WERE NOT INTERCHANGEABLE. Those intrepid fire companies might as well have stayed home.  
Naturally the public outcry provided the national will to establish adequate funding for comprehensive standards and interconnections in far more than just the fire technology. And since the U.S. was just rolling into the industrial age, it was none too soon. Industry was breaking out in every technical direction, and national standards strategies developed along with the scientific technologies, often were leading them. 
The full story of the U.S. NIST is told in its long history of accomplishments across a broad swath of global technology and industry. See the NIST website for a comprehensive picture of their work. We in the measurements community look with admiration at the support for our work that is offered by NIST and dozens of other NMIs worldwide. NIST not only researches new basic standards, such as unique atomic frequency standards and the Josephson-junction voltage standards, but provides measurement services in dozens of parameters for the support of industry and commerce. They are well respected for innovative highly-precise basic standards, such as the RF/MW 6-port network analyzer and the RF/MW power microcalorimeter. 
They created novel methods of supporting materials measurements, for example, by offering highly-characterized Standard Reference Materials (SRMs) which tie a measurement assurance circle around the testing equipment as well as the person tester. So, when some remote environment testing lab uses an NIST SRM of precisely-contaminated estuary silt, it yields a reliable measurement, with known accuracy.
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The Modern Age of Metrology

Metrology (System): the concept of a total
measurement system, which provides a
process for establishing an unbroken chain of
measurement traceability back to a primary
(national or global) standard, and includes the
considerations of accuracy ratios and
measurement uncertainty.

electronics

electron tubes—their radio, audio,
visio and industrial applications

The future of the electronic art:

Thomas A. Edison H. P. Davis
Dr. Lee DeForest  Dr. W. R. Whitney
J. Ambrose Fleming Dr. F. B. Jewett

Dr. Robert A. Miillikan

Electronics: A term coined for the title of a
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I'd like to assert that the era of Modern Metrology could be arbitrarily placed about the time that electronics technology came into its beginnings, around 1930. By this time, radio technology was going strong, but electronics was also being used to leverage most measurement processes. For several decades vacuum tubes had contributed to radio and other consumer sectors. But they also provided the signal amplification and leverage for significant contributions to measurement technology. Before that, we had the weights and measures and optics and other mostly physical processes.
One of the pioneering measurement companies was General Radio, of Cambridge, MA, established in 1915, aimed at the burgeoning radio business. For WWI, they built crystal radios for military use. As the 1920s moved on they swung into radio components and measurements, variable condensers, decade resistors and an expanding list of instruments, the Strobotac, (a variable flash bulb), the Variac, (a variable power transformer), and the beginnings of impedance bridges and sources. Through the 1930s, they were focused on instruments for the radio technology. There were, of course, many other respectable names in measurements, meters, signal and power sources, General Electric, Weston, Dumont, among many others.
Along came Hewlett-Packard, (HP) in 1939, with Bill Hewlett's legendary HP200A audio oscillator as the underpinnings of a long line of measurement instruments. In many ways, modern measurement technology (metrology) and the history of the Hewlett-Packard Company ran in parallel during the 1940-2000 period, each reinforcing the other. Many other well-known measurement companies were launched in that same post-war period; Tektronix, Fluke, Beckman, Guildline, NLS, Polarad, Keithley, Weinschel,  Hickok, and many others.
The year 1940 is mostly significant to metrology because it saw the outbreak of World War II. The huge international resources devoted to science and technology of every sector drove measurement innovation to unbelievable proportions. Communications, microwave (radar), industrial production and quality technology, avionics, nuclear and chemical and physical sectors were all pushed outward by the wartime focus. The vacuum tube and its microwave offshoots transformed both the electronic system and its associated measurement technologies. By the end of the war in 1945, the world's peoples were waiting for consumer applications of all these significant breakthroughs.
Industry was ready for that surge of product development. Quickly we saw FM radio, television, mobile communications, telecommunications with cross-nation multiplex telephony and undersea cable. Avionic systems, navigation technology, factory automation, data processing, medical and nuclear applications, and a dozen other sectors were blossoming. Could our measurements industry be far behind? Actually, in many ways, the measurements technology had to develop concurrently, or ahead of, the systems technology.
The metrology of the 1950s was quite compartmentalized by industry. National Measurement Institutes like the U.S. National Bureau of Standards were busy modernizing their post-war weights and measures support and moving quickly into sophisticated time standards and many other new technologies. During the war, most of their sophisticated personnel resources had been dedicated to strictly critical wartime system technologies. 
But in a real sense, there WAS NO national measurement system. Measurement instruments and their customers were more or less on their own. For example, from its startup in 1940, Hewlett-Packard's business strategy was to furnish instruments with complete parts lists and wiring diagrams, along with repair and trouble-shooting instructions. Included were calibration procedures as well. This same practice was followed by most of the measurements industry. The customer needed to arrange for regular calibration, which, with vacuum tubes, was needed for drift and aging. If a "primary" standard was needed, it was often owned and maintained by the manufacturer itself. Customers looked to the individual manufacturers for support.   
In the late 1950s, HP was working to make better "system" connections with its customers' service and repair personnel. HP established an annual Service Seminar in Palo Alto, to which customer service managers were invited for general technical papers on measurements, service, process, and repair technologies. These were well received, and well attended, in an attempt to recognize that calibration and measurement support were critical to the proper operation and accuracy of the customer measurements. 
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The late 1950s: A National Measurement System in Trouble

NCSL Foundin_g qu__nmittee

a2
L

*The establishment of MIL-C-
45662 and other military quality
specifications for calibration
processes

*NIM was established in 1955

*The birth of the National
Conference of Standards Labs
(NCSL), 1961

Measurement assurance was spotting or
non-existent

*NMIs were just beginning to recognize
lack of traceability

NIST move to Gaithersburg
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Dramatic new measurement technologies were spilling out of the nation's research labs of the 1950s. These were driven by the business developments of entire new electronic and communication industries. In 1960, President John Kennedy was ready to ask for a U.S. program to send a man to the moon. This daring request was based on the knowledge that our measurement capabilities and system technologies were getting sophisticated enough that such a daring program could even be considered.
And yet, in the late 1950s, within the customer measurement community, when the same model test instrument was used to measure the same parameter, in two locations, perhaps on a piece of a military system, the resulting test data would often be different. This condition was widespread, and of major concern. And all of us here today, would have predicted exactly the reason for that deteriorating condition of 1958—NO OVERALL MEASUREMENT ASSURANCE SYSTEM, with traceability and controlled processes. The U.S. Military/Aerospace Industry of the 1950's had created several quality process specifications such as MIL-Q-45662  and MIL-STD-9001, which were intended to establish calibration and measurement assurance processes which would improve measurement uncertainty.   
The Birth of the National Conference of Standards Laboratories (NCSL), 1961  
At a national measurements conference in Boulder, CO, on June 22, 1960, Harvey Lance of the U.S. National Bureau of Standards presented a paper, "The Nation's Electronics Standards Program: Where Do We Stand?" It described what was to become a revolution in a total measurement assurance system. It attacked that current situation across a many factors: traceability, measurement uncertainty, training, lab qualifications, national calibration services, and many others.
Out of this talk came a united effort of all the conference attendees to establish a trade association of people and organizations to work on creating a true national system of measurements. One of the driving forces behind the description of poor measurements was Jerry Hayes, who was a U.S. Navy quality engineer, who had seen the difficulties of poor measurement correlations. NCSL was actually chartered in 1961, and was sponsored at birth by the U.S. National Bureau of Standards. 
All of this detail is described in the handout I have prepared, which is reproduced (in part) from a 40th Anniversary NCSLI Newsletter of July, 2001. In it, the measurement system conditions of the nation are described for the late 1950s, and the organizational steps that went forward to bring the nation and ultimately the world to a common process for measurement assurance. 
Today, the NCSLI organization consists of about 1300 companies and organizations, comprising the gamut of interests from national NMIs, International Standards Organizations, equipment manufacturers, measurement services organizations, accreditation organizations and many others. It has global membership, and counts among its members organizations of widely varied interests, but all with a measurements flavor.
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HP/Agilent Contributions to Metrology Technology

1. HP 100A Frequency Standard, circa 1941
* Quartz crystal frequency standard
2. HP 430A-478A Microwave Power Meter, circa 1950
* DC to microwave substitution
3. HP 410B AC-DC voltmeter, circa 1950
* Novel thermionic diode for detection to 700 MHz
4. HP 524A Frequency Counter, circa 1952
* 10 MHz direct reading
5. HP 5060A Cesium Atomic Frequency Standard, circa
1964

* First commercial atomic standard
* Supported global “Flying Clock” NMI time
synchronization project
6. HP 8551A Microwave Spectrum Analyzer, circa 1964
* 2 GHz sweep, 60 dB dynamic range

7. HP 5100A Frequency Synthesizer, circa 1964 Agllﬂ“t Tﬁch“nlﬂglﬂs
* 0 — 50 MHz, direct synthesis, programmable

L] - .
8. HP 8410A MW Network Analyzer, circa 1967 ﬂ“d Bnmmumna“u“s'
* Scattering parameter characterization SII Dﬂcﬂdﬂs nf

9. HP 5526A Laser Measurement System, circa 1970 M " #
easurement Contributions

* Dual frequency, sub-microinch
10. HP 8540A Automatic Network Analyzer, circa 1968
* Computer corrected data, scattering parameters,
11. HP 3458A Digital Voltmeter, circa 1975
* 1 uvolt, 8 %2 digits
12. HP 8902A Measuring Receiver, circa 1984
* Precision measurements of RF/MW signal levels

" Agilent Technologies
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Hewlett-Packard Contributions to Metrology Technology
As I stated earlier, HP/Agilent takes considerable pride in serving the measurements community, as it has for almost 7 decades. Since 2000, Agilent Technologies has carried on the HP tradition of innovation and customer metrology solutions. Not only has the company been able to make powerful and unique measurement contributions, but we feel that we also serve the entire global measurement system, standards, services, quality processes like ISO 17025, and in many cases, products having DIRECT application to the primary standards themselves. 
Picking a Top 12 list of significant metrology contributions is always personal. Some contributions are obvious, like the HP 5060A Cesium Atomic Frequency Standard, which reside in most every key standards lab in the world. Others depend on your background, and since mine is in the RF/Microwave arena, I have a tendency to pick those important technology contributions. But here is my list, and Agilent is proud to have these legacy instruments in their history.
1. HP 100A Frequency Standard, circa 1941
	* Quartz crystal frequency standard
3. HP 410B AC-DC Voltmeter, circa 1951
	* Innovative thermionic diode for detection to 700 MHz 
5. HP 5060A Cesium Atomic Frequency Standard, circa 1964
	* First commercial atomic standard 
	* Supported global “Flying Clock” NMI time synchronization project
10. HP 8540A Automatic Network Analyzer, circa 1968
	* Computer corrected data, scattering parameters 
12. HP 8902A Measuring Receiver, circa 1984 
	* Precision measurements of RF/MW signal levels over 127 dBm
The above legacy instruments had direct standards lab measurement applications. HP/Agilent also produces a wide array of products with design and production and operational applications. CAD/design software, logic sources and analyzers, phase and noise figure analyzers, general purpose instrumentation, communications test sources and analyzers for fibre-optic applications, wireless and data communications, semiconductor test systems, and a dozen other scientific sectors. An Agilent brochure which enumerates 6-decades of measurement instrument contributions is available on download from their website. Measurements will always be with us, as long as scientists and engineers push out the boundaries of their technologies. As Lord Kelvin stated, you cannot know something without measuring it. 
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The Future of Metrology

1. Market driven forces that disrupt
2. Geographic diversification of R&D

and Manufacturing

3. The digitization of everything
4. Move to software-intensive architecture

5. Increased performance of today’s
Instruments

6. Surge towards Web-based business
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We all operate amidst the turmoil and challenges driven by industrial globalization, technology evolution, and regulatory expansion. Fortunately, we can feel pride and stability in being affiliated with calibration laboratories that have unwaveringly addressed “metrology,” the art and science of identifying, measuring, maintaining, and reporting the truth. 
1) Market-driving forces that disrupt processes, redistribute staffing, alter geographical deployment, change hardware and software architectures, and mandate compliance to complex standards have direct effects on business. These forces also significantly impact the hardware, software, and intellectual property (IP) a business must provide to customers so that they too can successfully contend with the same forces in the context of their own business environments. 
2) The geographic diversification of manufacturing and R&D for many companies has created a challenge in maintaining quality and consistency. “New products designed in one country may be prototyped in another and manufactured in yet another or even on another continent,” “The push to take advantage of the rich diversity of talent across the globe has increased our dependence upon robust measurement tools and techniques to ensure that the performance inherent in designs from the country of origin are maintained across the world at the end of the production line.”
As financial operating margins have thinned, companies involved in research or manufacturing are relying upon metrology to “remove all doubt” as they make decisions on product performance, reliability and predictability. Calibration labs, whether internal parts of a company or external service providers, serve a critical need in reducing the risk of product and process failure and thereby in assuring the financial health of the companies they serve. 
3) If technology would stand still, metrology could ultimately prevail over all the problems that contribute to the risk of measurement error. Yet, the evolution of technology continues to accelerate, introducing both new challenges and new solutions to the world of measurement. Over the last few years, the most noticeable change has been in the blurring of the lines between the analog and digital worlds. As the size, cost and power consumption of digital components has dropped, the speed of those same components has increased even more dramatically. Measurement hardware that once could be realized only in analog form can now be implemented digitally with processing bandwidths that fully address major sets of measurement requirements. 
Some measurement errors such as logarithmic amplifier accuracy in spectrum analyzer IF sections – errors that metrology once had to address – have been eliminated since that function is now performed by Pentium-class processors. Still, the perfect digital measuring instrument – a single super-fast ADC with enough linearity and resolution to cover any application – is yet to be achieved. Instead, combined analog/digital solutions are often still required to measure and characterize some phenomena. The use of digital technology has enabled manufacturers to squeeze ever greater performance out of hardware components. These are characterized during design and manufacture, and compensation for their behavior (even drift) is included in normal instrument operation. As a result, customers can now buy more measurement capability for their money because some hardware is now replaced with software algorithms, increasing performance and reliability while simultaneously driving down manufacturing costs. 
4) The move to software-intensive architectures introduced challenges of its own, of course. Just as you can no longer adjust the mixture in the carburetor of your automobile (most have long since gone to microprocessor-controlled fuel injection), you no longer find “screwdriver tweaks” in your measurement instruments. The specified performance of the instruments depends on providing real-time compensation for component drift or aging. Adjusting the actual performance (if verified as inadequate) requires complex closed-loop iterative calculations to characterize the components and change the measurement loop calculations. The robust measurements used to verify the overall performance of today’s instrument must be able to feed back the results into an automated routine that uses them to make the necessary algorithmic adjustments. What once could be adjusted in a calibration lab with perhaps a scope and a screwdriver must now be done under automated control using external lab standards. On the plus side, though, no amount of manual tweaking could approach the instrument performance made possible by today’s microprocessor-controlled architectures.
5) The increased performance of today’s instruments manifests itself in other changes in the typical calibration lab. OEMs gain a competitive advantage by squeezing more performance out of hardware and thereby tightening the instrument specifications. As the specs tighten and the feature sets increase – due in large part to digital signal processing – the process of completing a “performance verification” often entails an increasing number of tests and test points. Manual calibration procedures that formerly were reasonable have grown to be untenable for many modern instruments. Automatic calibration routines are virtually mandated if the performance verification is to be completed with high confidence in reasonable time.
This is especially important for mission-critical instruments, which cannot be removed from service for extended periods without adversely impacting costs, schedules or both. Should something drift out of alignment, the automated routines can be used to provide the necessary data for adjustment, and the instrument can be returned to duty with minimal delay. 
6) Perhaps the largest visible change in recent years has been the surge toward Web-based business. Web technology plays a critical role in providing global transportability of tools, manufacturer's intellectual property, and information. Current software tools can be downloaded from secure web sites, licenses for the use of IP can be purchased and delivered online, and data reports can be transmitted electronically and formatted to fit specific customer needs if they are to be printed.
Identical tools can be deployed worldwide, identical judgments can be applied in determining pass/fail, and identical techniques can be used to adjust or repair instruments that do not pass with the required margin. Whether operating on two systems, in two buildings, or across two continents, consistency is the key to credibility, and the entire metrology business is founded upon credibility.  Automation in calibration can provide the same benefits automation pays in a manufacturing operation – speed, repeatability, and consistent accuracy.  Calibration results can be more readily used to improve business results.
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The New Frontiers of Metrology

1. Measurement technology
* Commercial instrument manufacturers
* NMI research in many nations

2. International Cooperation on basic standards

* For example; the BIPM electronic kilogram
* Regional associations of NMIs like EURAMET, SIM, SADMET, COOMET,
MENAMET,
Asia-Pacific Metrology Program
3. International Cooperation on measurement assurance processes
* For example, 1SO 17025
* ANSI/NCSL 540Z-series of standards
4. International Cooperation on laboratory accreditation
* For example, ILAC, EUROLAB, NACLA, A2LA, APLAC, NARA, and many others
5. International Cooperation on Legal Metrology

* For example, OIML
6. International Cooperation on all of the above

* The NCSLI organization of organizations with interest in global metrolog
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“But who checks the checker?” Equipment suppliers strive for the highest possible performance and reliability. Calibration labs exist to ensure that the equipment in question can be compared to certified standards, and automated tools may ensure that comparison can be consistently performed. But who checks to make sure the tools are correctly applied, or that uncertainty analyses are properly performed, or that the end customer can indeed be confident his service provider has removed all doubt?  In large part, that role has been taken on by certifying and regulatory agencies.  
The advent of international standards like ISO/IEC 17025 or the mandate of compliance with standards such as ANSI/NCSL Z540 have helped to unify terminology and document conditions under which calibrations are made.  Convergence on the ISO Guide for Expression of Measurement Uncertainty (GUM) has had the benefit of stating under which conditions measurement uncertainty calculations are to be performed, and in what manner they are to be performed if they are to be considered “in compliance.”
Accreditation bodies worldwide need our support in maintaining the credibility of our industry. No one wants to bear the burden of bureaucratic oversight, but we cannot afford to devalue in any way our hard-earned accreditations by allowing slipshod enforcement of the underlying standards. Even the most carefully written regulations or standards leave room for interpretation, so it falls to the metrology community to provide some level of self-policing to ensure that robust process control is maintained, and that “softer services” such as uncertainty calculations are developed and used in appropriate fashion.

The New Frontiers of Metrology 
The paradigm for the future of our global metrology sector is revealed to a good extent by the vitality and effectiveness of our present system. Global trade and technology advances are everywhere and growing. All of the world's national NMIs are connected as never before. International organizations and associations are working to enhance cooperation in multiple areas of specialization. 
So, I envision our metrology sector will advance in six complementary areas: 
1. Measurement technology
	* Commercial instrument manufacturers
	* NMI research in many nations
2. International Cooperation on basic standards  
	* For example; the BIPM electronic kilogram
* Regional associations of NMIs like EURAMET, SIM, SADMET, COOMET, MENAMET, 
             Asia-Pacific Metrology Program	 
3. International Cooperation on measurement assurance processes
	* For example, ISO 17025
	* ANSI/NCSL 540Z-series of standards
4. International Cooperation on laboratory accreditation
	* For example, ILAC, EUROLAB, NACLA, A2LA, APLAC, NARA, and many others
5. International Cooperation on Legal Metrology
	* For example, OIML
6. International Cooperation on all of the above
	* The NCSLI organization of organizations with interest in global metrology
The future of measurement system technology promises some of the most spectacular innovations of any in the past. If you think that the past 10 years has yielded some POWERFUL measurement instruments, just wait for the next 10. The confluence of the Internet communication power, the vast availability of computer database memory, the computation power of microprocessors, the speed of fibre-optics data transfer all lend themselves to not just SMART instruments, but WISE instruments. 
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World Standards Day

From the pages of Open Systems Today —
October 13, 1994
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"The International Standards Organization (ISO‘)‘-?;_ -
and the International Electrotechnical Commission
(IEC) designated October 14 as World Standards

Day to recognize those volunteers who have

worked hard to define international standards....

The United States celebrated World Standards

Day on October 11; Finland celebrated on October
13; and Italy celebrated on October 18."

No further comment about the global state of
"standardization" is necessary !
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Make comment on the standardization of cell phone adapter plugs.
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Thank you ...

to you the world leaders in creating critical measurement
solutions and promoting equitable standards.
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Your organizations are working on many fronts to leverage the power of T&M products to deliver solutions to the problems of industry.  Airline, Automotive, Utilities, Chemical, Healthcare, Test Laboratories and other industries, you name the industry or business, T&M instruments and technologies are working to move them forward for better test efficiency, accuracy, speed, lower costs, etc. 

There is no stopping the advance of measuring technology, nor of the widening of the business sectors which are benefiting from the powerful performances that they give scientists and engineers of those exciting sectors. 
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