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The Kilogram,
Redefined

The Weight Is Over

By Andrew Oldershaw and Kavin MoChere

o) Does the redefinition of the kilogram really

mean that it will be possible to realize the
International System of Units (S1) unit of mass at
amy place. ot any time, and by anyane?

Ml The world of measuremeant s changing.
Fundamental constanis of nature are replacing

nrtefncts a5 the Batin for definiog units of s
On Warld Metralogy Dy, May 20, the iast artelact,
the international prototype kilagram {IPK), o “the
ararkd &7 wird nppdaced by Planck's constant m
delisiing the unlt of mass, the kilog ram. The
redefiniion does not change the numbers much;
e fine Fabys will notics any diffenonce, fn tho
grooery store, apples will stll be appdes and the
price; whiether by kitlogram or by pound, certainly
will nat change as @ resull of the redafinition,

WHY CHANGE?

Sines 1BEG, calibrations of national siandands
{coples of the IPK) show a change in stakility of
about 50 ug! Now that has been fixed and the
Planck's constant will never chinge, Benefits of
e new stability will Be sean much more Gooadl
1har in just mass mea&uremunts.Mns:lniluenth
{he ampene, the mole,and the candala as well

Acoessibllity is anothor sirehg mellhvator, Once the
revized definition of the kilegram comesinto force.
“lwill be possible to realize the 59 unit of mass at
amy place, at any time, and b anyone.™

“The kilogram, syrmbol kg, is the 57 anll of moss
s el by tokeing the Moo rormenoal walue of
the Planck constant b io be 6.626 070 15 « 10~
whan exprossed in the unit J s, which is egoal io
oy A 3, e the medee and e second are
defined by axoct vaives of the Ayperfine
transiiian frisquency of the coesium 123 elom Ay,
avied the speed of fight in vocwwm e
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Ter add contest, the realization— and Its possibility
45 described abavi — has to be in accordance with
e e o pratigue for i kilogram, the standebrd
Instructions publshed by the International Bureau
of Welghts and Measures (BIPB). The mise o
arotigie for the kilagram gives by optians:
realization of @ mass by comparing electrical
power to mechanical power and realization of o
mass by the Xeay crystal density methad, ¥

Hivids vy dxplone twio quaesis 1o define the
kitpgram. Both @re accomplished by comparing
electrical power 1o mechanical power using a
watt balance, Akeo known oa pKibble balance, in
recagnition of physicist Bryan Kibbile, DUPhIL First,
the development of the Mational Research Council
Cannda (NRC} Kibble bolance, and second, as
neontiast, the expanences of this column’s €.
author, Kevin MoClure, a inetraloglst, developing
his own Kibble batmce at home,

Inthe MRC Kibble balance gepenmant, the
gravitational foree on a mass i< balanced againg
ihe elactromagnétic force generated by passing
acurrent through a coll suspended Ina magnetic
fighd. Thircurrént is catibratid using quanturm
standards ol valtage and resistance, providing the
fink betwesan Planck’s consiant and mass: Besidges
the alipchrical measuromenis, abgnment of tho
palance must be adpsted to very fine talarances,
gravilational forces on the mass must be kmown
precisoty, and the moticn and position of the call
mual b confrofed interfemmairicnlly within
fractions of the wavelength of kght.?

Inwhat we willcall “the-McCiure basament
balance.” tha principal oporalion is the same but on
adiferont scale, 1S modeled on the LIS, Matlicnm
Instifute of Standards and Technology's- (MNIST)
LEGO balonce and uses the MIST froe software
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Inits aperation.* The coils are hand wound with a
woadken base and arm, The vedtage and cument
measurements use & Maticnal instruments

LISE data aoqulsiion unit. The citical distance
measuements [for specd) are dans with o shadaw
sansar that =8 line aser and a photodetes o

This B calibraled with tape measures, rulers, and
adot inseron the arm pll:i]l;‘v; tirg qma ruler on fhe
Wl This alicwes & rekativily accudile slecthonic
datection of the pan. Thes i also the largest source
of girar in the uncortalnty bedget. Currently, this
Selup had o totol uneartainty of abaut TR, All aof the
campanents are readity avaidable and traceable.

Thie NRC s motivation sterivs fram the global
chalienge 1o redofine the Kilegram, in particular,
the candition 1hat Kibble balance expedmonts
yiedl consistant values of the Planck cons tant

wilh refative standied uncertainties not larges

T fisae pdets in 10" Tho MRC Kibble balance s

A waid-class expefiment. messuring avahse far
Planck’s constant with measuremant uncertainties
#t nine parts 107 s the culmination of mane
than a decade of research at the farefiont of
measurement science at the NRC and. pior to
thal, thi National Physical Laboratory In the United
Kmgdam. Tho comcidents of Kevin®s birthday and
Warld Mettology Day and the momentous event
of the redafinition make it seem prodostined that
Kiwin's possion formofrokegy woulld mathvate him
1 Bl this MeClire basement balanoe.

MEETING THE TECHNICAL CHALLENGE
Bath balances fallow Kibble's sriginal concept
of band modes, to cancil out the magnetic field

FErp

Jubgdugiis DO

strendgth and length of conductor tnaim the
measwrement egquation, which are difficult o
misasere, This leaves mass, gravity, valtage,
curent, and weloey.

The seale of ehallangs dilfers, But comman
measprement challenges for both balances are

Actileuing a consimm welosity
the rocking mation of 1ha

= right pasl in

Timming of the maassiemefis oad dala callestias

Isgslating the balande o
from Htse, [merfarey

i FGasustmnnls
are bty

Tea bulld on dnd surpass state-of-lhe-art
measurement capabifiies and meet the
chnlenges for redefinition of the S nowal
technEues wene necessany. These are just & Tew
examplas of the approaches wiih both balanoes
{Sew “The Two Balances" on
{allowing page)

METROLOGICAL TRACEABILITY
There s no metraboghcal
traceabiiity withouwt

MEASUne ML UnCErtainty,
tut ne limils on uncertainty
as bonig as it is it for

1he application of the
neasumements. The NRC
Kibble balance played a
pivetal rade In the redofingicn
al the kilogram and will be
wsed to provide traceabdity
12 the 51, Measura ment
hizlps our undorstanding

of the world amund us.

it i lundamantal to the
vancement of sgience

et 1y iy il 1 Evilel

mew technatogy,

Thera is always & need

1o pirsh the barrlgs ang
make betber and botter
maasumemants, Somatimes
better is greator precisian
nid Becurncy, but fos the
vastmapority of everyday
moasanements, battor con
nean easkEr, more reliailes,
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