59-240 - SI Units

The “Grand k” - Pt/Ir standard for measuring mass

Modern SI units
Measurement

Unit

Length

m

The meter is the length of the path travelled by light in vacuum
during a time interval of 1/299 792 458 of a second.

s

The second is the duration of 9 192 631 770 periods of the
radiation corresponding to the transition between the two hyperfine
levels of the ground state of the cesium 133 atom.

K

The kelvin, unit of thermodynamic temperature, is the fraction
1/273.16 of the thermodynamic temperature of the triple point of
water.

A

The ampere is that constant current which, if maintained in two
straight parallel conductors of infinite length, of negligible circular
cross-section, and placed 1 meter apart in vacuum, would produce
between these conductors a force equal to 2 x 10-7 N m-1

Time
Temperature
Current
Amount

mol

Description

The mole is the amount of substance of a system which contains as
many elementary entities as there are atoms in 0.012 kilogram of
carbon 12; its symbol is "mol."

What about mass?
Mass: kilogram
The kilogram is the unit of mass; it is equal to the mass of
the international prototype of the kilogram.
At the end of the 18th century, a kilogram was the mass
of a cubic decimeter of water. In 1889, the 1st CGPM
sanctioned the international prototype of the kilogram,
made of platinum-iridium, and declared: This prototype
shall henceforth be considered to be the unit of mass. The
picture at the right shows the platinum-iridium
international prototype, as kept at the International
Bureau of Weights and Measures under conditions
specified by the 1st CGPM in 1889.

Where did the SI start?

Why did the SI start?

All sorts of trade

International Prototype Kilogram
The IPK (or Le Grand K) is made of a platinum alloy
known as "Pt-10Ir", which is 90% platinum and 10%
iridium (by mass) and is machined into a right-circular
cylinder (height = diameter) of 39.17 mm to minimize
its surface area. The addition of 10% iridium improved
upon the all-platinum Kilogram of the Archives
[originally made and adopted in 1799. -ed.] by greatly
increasing hardness while still retaining platinum's many
virtues: extreme resistance to oxidation, extremely high
density, satisfactory electrical and thermal
conductivities, and low magnetic susceptibility. The IPK
and its six sister copies are stored at the International
Bureau of Weights and Measures (BIPM) in an
environmentally monitored safe in the lower vault
located in the basement of the BIPM's Chateau de
Breteuil in Sèvres on the outskirts of Paris. Three
independently controlled keys are required to open the
vault. Official copies of the IPK were made available to
other nations to serve as their national standards.
These are compared to the IPK roughly every 50 years.

Oh oh....

After the third periodic verification performed between 1988-1992 is that masses of
the entire worldwide ensemble of prototypes have been slowly but inexorably
diverging from each other. It is also clear that the IPK lost perhaps 50 µg over the last
century, and possibly significantly more, in comparison to its official copies.

Overthrowing the King
Scientists would like to express mass in terms of
Planck’s constant, h = 6.626 ⨉ 10-34 J·s.
A new kind of scale, known as a watt balance,
measures the mass of a kilogram in terms of electrical
and magnetic forces, which in turn can be translated
into a number that is related to Planck's constant.
The scale is so sensitive that it can detect changes as
small as ten-billionths of a kilogram.
Unfortunately, scales that sensitive are sensitive to a
lot of other things, too. Lawnmowers, the tides, and
even earthquakes on the other side of the world are
able to upset the balance.

Interesting reading and links
Links
• http://www.radiolab.org/story/kg/
• http://physics.nist.gov/cuu/Units/current.html
• http://www.npr.org/templates/story/story.php?storyId=112003322
• http://en.wikipedia.org/wiki/Kilogram
Books
• Ken Alder, The Measure of All Things: The Seven-Year Odyssey and Hidden
Error That Transformed the World, Free Press Publishing, 2013.

