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The Cubit

The "Royal Egyptian Cubit" was decreed to be equal to the length of the forearm
from the bent elbow to the tip of the extended middle finger plus the width of the
palm of the hand of the Pharaoh or King ruling at that time.

The "Royal Cubit Master" was carved out of a block of granite to endure for all
times. Workers engaged in building tombs, temples, pyramids, etc. were supplied
with cubits made of wood or granite. They were required to bring back their cubit
sticks at each full moon to be compared to the Royal Cubit Master. Failure to do
so was punishable by death.
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Many early measures were based on natural objects

Chinese length
standards based on
the resonance tone
of ‘standard’
bamboo whistles
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Carob seeds, used to
derive the carat
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Presentation Notes
The cubit is perhaps the oldest and longest-lived example of a standard measurement unit. The oldest documented cubit is the Egyptian royal cubit—traced back to 2750 B.C. and used for about 3,000 years. And the Egyptians took their cubit seriously. In fact, it has been reported that: " The death penalty faced those who forgot or neglected their duty to calibrate the standard unit of length at each full moon...” 1
To measure volume, people would fill containers with plant seeds which were then counted. When means for weighing were invented, seeds served as standards. For instance, the carat, still used as a unit for gems, was derived from the carob seed.
In China, some 3,500 years ago, a system of standard instruments for measuring length, mass, and volume was created. A special organization was established with the responsibility for checking the accuracy of these instruments twice a year.  The Chinese may also have been the first to use an unvarying physical constant as a standard of measure. Similar to the way we now use the distance light travels in a second as a length standard, 2,700 years ago the Chinese used the resonance tone of bamboo whistles to ascertain a length standard.2
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Storming of the Bas
July 14,1789

Both of these principles ren



Presenter
Presentation Notes
To many people, the defining feature of The Metric System is the decimalization—multiples and subunits being in powers of 10.
However, that misses the bigger picture.
The Metric System grew out of the world view of the French Revolution in the 1790s. At the time, there was a hodge-podge system of measurements around the world, and many of them were based on the sizes and whims of local monarchs.
The ideal of the Metric System of measurement was twofold:  first, the units of measurement should be based on natural law, not the sizes of monarchs, and second, the units should be accessible to everybody and used by everybody, internationally. If you remember the expression “Liberté, égalité, fraternité,” the first ideal reflects egalitarianism, while the second ideal vaguely reflects Fraternity—that this system was meant to benefit the common good, not just France.
Both of these principles remain embedded in the metric system (SI) today.
Technically, there were two competing approaches as to what the unit of length—the meter—should be. One had the “meter” being the length of a pendulum with a half-period of 1 second, at a particular place and elevation. The other had it being based on the size of the Earth, 1/10,000,000 of the distance from the North Pole to the Equator.  The latter eventually won out.
On December 10, 1799 (a month after Napoleon's coup d'état), the law by which metric system was to be definitively adopted in France was passed. There was considerable resistance to it at first, and it was not made mandatory in France until 1837.
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Realizing the meter
Survey of the Earth, 1792-1799
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Presentation Notes
Well, it’s one thing to say that a meter is 1/10,000,000 of an Earth half-meridian, and it’s quite another to know what that length actually is.  This is the essential problem that has continued to modern times: the definition of a unit of measurement, versus actually using that definition to arrive at something useful.  This process is called “realizing” the unit, and it’s always a challenge to get the realization close to what the ideal might be.

These guys—Delambre and Méchain—were the first people to ever realize an SI unit. (Pointing to Méchain:  I don’t know that the wig and robe were part of the job description.)  They were eminent astronomers and mathematicians. Without going into the technical details, they used survey instruments to determine the distance between the cities of Dunkirk and Barcelona along the geoid (the hypothetical, round, sea-level Earth). Both cities were nearly at sea level, both cities were at about the same longitude, and—even sweeter—the line between them went through Paris. Delambre and Méchain determined the latitudes of the cities, then the distance between them by using many triangulations. Delambre measured the northern half of the route, Méchain the southern half.

At the end of 1798, an international scientific committee (including representatives from the Netherlands, Denmark, Spain, Italy, and Switzerland) reviewed the data, and in mid-1799 announced the results.

We had ourselves a “meter” — what we call today the “committee meter” — and the “metric system” could be legally adopted, as it was on December 10, 1799.
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Treaty of the Meter, 1875
First, set up a system of international governance

The Convention of the Metre (Convention du Metre) is a treaty that created the International
Bureau of Weights and Measures (BIPM), an intergovernmental organization under the
authority of the General Conference on Weights and Measures (CGPM) and the supervision of
the International Committee for Weights and Measures (CIPM). The BIPM acts in matters of
world metrology, particularly concerning the demand for measurement standards of ever
Increasing accuracy, range and diversity, and the need to demonstrate equivalence between
national measurement standards.

The Convention was signed in Paris in 1875 by representatives of seventeen nations. As well
as founding the BIPM and laying down the way in which the activities of the BIPM should be
financed and managed, the Metre Convention established a permanent organizational structure
for member governments to act in common accord on all matters relating to units of
measurement. The Convention, modified slightly in 1921, remains the basis of international
agreement on units of measurement. The BIPM now has 55 Member States, including all the
major industrialized countries.
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General Conference on Weights and Measures
BIPM’s Conférence générale des poids et Measures

Member ' [CGPM]

States Consists of delegates from Member States and meets
every four years

Intl. Committee for Weights and Measures
Comité international des poids et mesures

[CIPM]

Consists of 18 individuals elected by the CGPM, charged
with the supervision of the BIPM and of its activities,
meets annually

International Bureau of Weights and Measures
Bureau international des poids et mesures

[BIPM]

Intergovernmental organization with headquarters
located in Sévres, France 9
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The International System of Units (SI)

Standard Meter prototypes Standard Kilogram prototypes

Shown: National Prototype Meter Shown: International Prototype
No. 27, received by the U.S. in 1890 of the Kilogram, kept at BIPM
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Presentation Notes
The idea of an internationally harmonized and administered metric system kicked into high gear in the 1870s.
In response to an invitation from the French Government, a conference was held in Paris on August 8, 1870, to consider constructing new primary metric standards, as the originals from 1799 were aging and worn. The meeting was a short one, as war was raging between France and Germany at the time. However, unlike in 1798, the U.S. then had an appropriate agency—the Office of Weights and Measures in the Treasury Department—to represent us at the meeting.
A second conference was held two years later, at which twice as many countries were represented. At this conference it was decided that new meters and new kilograms should be constructed to conform with the original standards of the French Archives, and a committee was appointed to carry out this decision.
The preparation of the new standards had advanced so far by 1875 that the committee requested the French Government to call a diplomatic conference to consider how to validate the new meters and kilograms, and whether this should be a one-shot operation or whether a framework should be established for permanent maintenance of the standards. As you likely know, they opted for the latter. More on that in a moment.
By 1873, it had been decided that the Version 2.0 meter standard should be a line standard, not an end standard, that it should be made of 90 % platinum (a machinable, inert metal) /10 % iridium (to increase its hardness), and that it should have the “X” shaped cross section for rigidity.
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Then, more units .

» 1948 — CGPM adds the ampere to the Sl

= 1948 — CGPM adds the candela to the SI

1954 — CGPM adds the kelvin to the SI
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Presentation Notes
And with the Kelvin in hand, the 10th CGPM declared victory in 1954.
They had, at hand, a compete set of “base units” upon which a complete and holistic international system of measurement could be based.
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NIST-F2, today’s U.S.
primary atomic frequency
standard
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Presentation Notes
The 13th CGPM redefined the second in 1967 to base it on atomic clocks, rather than astronomy.
This is the definition as it stands today.
Measurement of the second is the most precise of any unit of measure, about 3 parts in 1016.
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Presentation Notes
At the dawn of SI in 1960, the CGPM moved away from the artifact standard of the meter, the prototype meter bar kept at the BIPM, and instead redefined the “meter” in terms of a standard wavelength of light.
Then, in 1983, the definition of the meter changed yet again. Given that the standard for time (the second) afforded much greater precision, the CGPM opted to make the speed of light a defined constant (no uncertainty), allowing a high-precision connection between time and distance.
The 1983 definition allows realization of the Meter using interferometry of any laser line, not just the wavelength of light from a Krypton discharge lamp.
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“Quantum” standards for the electrical units
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Presentation Notes
One of the motivating factors for this potential redefinition is that the electrical units are in a state of play now. The best, modern experiments for realizing them have overtaken those used with the definition of the ampere that was adopted in 1948.
With the coordination and acquiescence of the CIPM (if not entirely the CGPM), labs around the world realize the volt using the physical properties of the Josephson Junction, and the ohm using the physical properties of the Quantum Hall Effect. To do this, the CIPM adopted “conventional” values of the fundamental, physical constants that underlie these two effects. The values were made effective in 1990.
Should the CGPM adopt fixed values for the four fundamental constants on the last slide, these two constants would also be defined absolutely, and the modern, “conventional” methods of realizing the volt and the ohm would be brought into the SI.
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Presentation Notes
1904
Baltimore fire. The next year, the National Fire Protection Association adopted an NBS-developed national hose coupling standard.
1905
The American Foundrymans Association turned over to NBS its standardized irons program.
1912
The annual report by the Interstate Commerce Commission revealed alarming statistics for railroad accidents. NBS began a program to examine cracked rails and other failed parts through chemical, microscopic, and mechanical tests. NBS cooperated with the big steel companies to begin an investigation of problems in the manufacturing process. By 1930, the accident rate due to inferior steel in rails and rolling stock had fallen by two thirds.
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Ensuring equivalent measurements everywhere

Tail fin PARTS NOT SHOWN
Boeing (Frederickson, Wash.} Landing gear

Wingtips Messier-Dowty

KAL-ASD Horizontal stabilizer (England)

" (Korea) i
Alenia (faly) Wing/body fairing
Forward | Center fuselage Boeing (Canada)

f'éffa'fd o |\ Alenia (Italy) ~ Landing gear doors
{lapan) i L Boeing (Canada)
' kY . Aft fuselage

Cargo access doors
Vaught ,

{Ehai]rlestun, sc) >aab (Sweden)

Main landing gear wheel well Passenger entry

K ki) doors
[7 awasaki (Jlapan) Latecoere (France)
Fixed trailing edge

Kawasaki (Japan Engines
ap ’t,a,.,':,‘;‘g:,'gg GE (Evendale, Ohio)
_ Bueip% Engines
(Australia)  Rolls-Royce (England)
Center Wing Engine nacelles

wing box  Mitsubishi Fixed and movable leading edge  Goodrich
Fuji {Japan)  {lapan) Spirit (Tulsa, Okla.) (Chula Vista, Calif.)

* Major subassemblies of the Boeing 787 Dreamliner are produced by a
distributed network of suppliers

» Airplanes require maintenance wherever their port of call
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Presentation Notes
However, it became clear in the 1990s that this classical operating mode was no longer sufficient.
Take a modern airplane, for example. Both the manufacture and operation of aircraft are highly regulated industries, meaning that regulators need certification that measurements are correct.
A modern airplane, such as the Boeing 787, is built in sections all around the world. The dimensions and other properties of these sections must be referenced to common measurement standards, not those just of the countries in which the sections are made.
And after the airplane is put into service, it can require maintenance in whatever nation it lands. The tools and procedures used must also be certified as to measurement accuracy, across national boarders
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General Conference on Weights and Measures

BIPM’s Conférence générale des poids et Measures Associates
Member [CGPM] of the
States Consists of delegates from Member States and meets CGPM
every four years

Intl. Committee for Weights and Measures
Comité international des poids et mesures

[CIPM] Consultative

. e Committees
Consists of 18 individuals elected by the CGPM, charged

with the supervision of the BIPM and of its activities,
meetsannually |  L—m™ m M

International Bureau of Weights and Measures

National Bureau international des poids et mesures CIPM MRA
Metrology | [BIPM] |
Laboratories ‘ Intergovernmental organization with headquarters JCRB ‘
located in Séevres, France
23
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* Encourage collaborations between NMls
* Raise competence of the region

 Transfer knowledge

 Help implement BIPM’s global policies at the regional
level

e Regional technical review of the CMCs of each National
Metrology Institute and Designated Institute (DI)

 |nternational review of other RMQ’s CMCs

 Review of the Quality Systems of each NMI and DI
(note that the Quality Systems are only reviewed
regionally)
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