The Kilogram is the ST unit for measuring mass. I’r is. the last remaining base unit to be
defined as a physical object rather than in terms of a naturdlly occurring constant in

| the way that the mefre is related to the spced of light. All standards of mass mast
altimatelg be traceable fo this one object. Bdt assscience and industry's requirement for
a more accurate way to-measure extreme weights.increases, the search is on for a

definition of the kilogram in terms of a furdamental constant so that it can be measured
with greater accuracy and can be redlisedby ofher standards laboratories.

The spectrum of mass

K Mass of Sun =2 x 10*° kg
= £, o] 2 000 000-000.000 000000 000 000 000 000 kg

-

The history of the kilogram ".\_.The electrical kilogram:
In 1790 Louis XVI'of France commissioned French scientists o recommend a consistent system for
weights and measares. On 19th March 1791 a new system of anits was recommended ta:the French
Academy of Sciences including a unit which was the mass-of a declared volume of dlshlled water in
vacuo at the freezing point. These units were based on natural constants bdf were not" r\epr‘oduolble
enough for the needs of foday. §

The q,uanfum electricakstandards for voltage and resistance, whichi are . .
Eiffel Tower ooy
based upon Planck's,genstant and the charge on an electron, are fore - N7
_stable than fthe preSent kilogram. The kilogram can be accuratelyeompared 7112 tonnes 7112000 kg _&_ a®
 with-these s‘randdr‘ds using a-moving-coil apparatus described below
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5 : : ' - Hang q 1 kg mass and a current-carnying coil in a magnetic ?lefd ?r‘om =
Over the nexthundred years this definition of d'mass anit wds re?lned and ' / ~ abaldnce.Measure the electric current required fo produce an
_ a namber of weights were manufactured fo have a mass equal o if: In 1879 ; g —— elecfr'omagne’rlc force equal fo the gravitational force acting on the mass.
e ‘ Johnson Matthey and Co. of London successfdlly cast an ingot of antalloy : " Inthisimanner the kilogram might be defined as the mass that can be
" g ¥ - of platinum and iridiam, a very stable material: The water definition was = The electrical r'eallsa’rlon sdspended by the electromagnetic force
- N abandoned and-the platinum-iridium welghf*became the standard kllogr‘dm of the kilogram at NPLi#"_"generdted when a specified amount of - kg
\_“' (known as the infernational profotype of the kilogram K). : 2 cdrren’r flows. m—— MG v
— ..;\ i | g - >
- In 1889 forty copies of the kilogram K were commissioned and distributedito The limitation of this is Jrhc*“iL ’rhe rel@honshlp between the current - B Calcul::Ie
The UK Kilogram 18 the mgjor national standards laboratopies to be their primary standard and the and force depends on the. s’rre‘hg’rh«o{" the magnetic field and the =] copacitor @ 1
in its storage unit; UK received Kilogram 18 which is now held at the National Physical Laboratory. geometry of the coil. and neither oF‘These can be determined with Alte b
sufficient accuracy. The way fo overcome this is to move the coil
= : 5 through the field at @ constent speed This generates a voltage which depends on the same parameters >
The definition of the kilo gram o ® ?s the first measur'ememL and so the e?Fec’r of magnetic field and geometry can be cancelled out in the Heaviest recorded Man 635 kg
£ - inal resalt S Tl S8 Boh -
The kilogram (kg) is equal to the mass of the international prototype of the kilogram. @ B L =
Counting a’roms { N4 S e
K. the infernational prototype of the kilogram.is made of an allog of platinum (90%) and iridiam (10%) 5 N J slgive d
and is kept at the International Bureau of Weights dnd Measures (BIPM) in France: ' This approach relafes The kHogr‘am to an afomlc mass, so that it canbe
Kis used to calibrate all the weights in the world. & + defined as the mass of g'fixed number of afoms of silicon. The numben'of N
e — ."-f,.'l_""f _ atoms in a perfect silicon crystal can be counted by medsuring its voldme and )) " ~ _PIcoin 1188g 001183kg
: : . =i} ' dividing this by the voldme a single atom ©ccupies. This voldme is meastred by - PSS S0
,;" What's wrongwn‘h a PthlCCJI Ob JeC-l-? 3 combined X-ray and opfical inferference techniques. This process amoum's ’ro.a vcrg 4
accarate meosur‘emen’r oF the Avogcdro constantN,.  ———
2 The main problem wfrh a phgsi‘cul ObJecf is that its mass could . : & |
change due 1o loss of materiaton conjr_a.tmna’rlon from the el dlng The Avogadro constant N,\ is deFlned as’ ’fhe number of atoms in 0.012 kg of fhe

environment K's mass could be sllghﬂy greaten or s today than isofope carbon 12 and fhus is The number of entities in amole of substance. .

it was when it was made'ine ];88‘1‘ buf fher'e is no.wag of

P l
proving this. -

039g 000039 kg

These methods can Onlg be used ’ro'measur*e the base unit if they can measure ex‘acﬂg one kilogram on
demand. The first s’rep is getting the reselation. This has been achieved for the electrical method. The
next step is fo gef repeafoble results and the final step is fo ensare that the apparatus)proceddne and
results can be duphca’red in other labor‘gfor‘les Both the electrical kilogram researchers and the atom
counters are pursting fhe dlfimate 'h:ir'gef of measuring a kilogram with an accuracy of a millionth of one
percent every flme _ .*__- £ /

It is also possible that an object could be lost or damaged. In
redlity K is so carefully looked after that this is unlikely. The-UK
copy is in a filtered chamber. to keep it clean, and is locked away in
a bomb proof safe.

Another problem is the effort it takes to maintain a traceable chain
between, for example, your bathroom scales and Kilogram 18.

- NPL ’rhe na’rlonal s‘randards Iabora‘rorg N Mass of hydrogen afom = 1.67 x 102" kg
SR % W e 0.000 000 000 000 000 000 000 000-001 67 kg

NPL maintains the nahonal primary sfandards in accordance e with,

In search of a fundamental definition of the kilogram £l
o infernational agreements and undertakes leading-edge research o
National Physical Laboratory

The search is on in a number of scientific laboratories to try to find a wagof deﬁnrng ’rhe kllogrdm in
terms OF a fundamental constant Today two key appr'oaches are belng pur'smd s

. develop and improve these standards.

* bwldlng an electrical kilogram = coanhngﬁfbms
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If you have a measurement related scientific qgestion contact us on: telephone 020 8943 6880 email:enquiry@npl.co.uk or visit our web site which
has lots of measurement related information at http://wwwnpl.co.uk
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