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Sh rinking kilog ram sows mass con fusion in labs________________________________________________
Quest for exact kilogr aminvolves cou nting atoms

BY OTTO POHL
BRAUNSCHWEIG, GERMANY

The kilogr am is getting lig hter, scie n-
tis t s say, sow ing pot entia l conf usi on
ov er a range of scie n tific endeavou rs.

The kilogr amis defi ned by a pla t i num -ir i-
dium cylin d er, cast in Engla n din 1889. No
on eknow swhy it is she dding weight, at lea st
in comparison wit h ot he rrefe renc eweights,
but the change has spurred an int e rnation a l
search for a more stable defi nit ion.

"I t’s cer tainly not help f ul to have a stan-
dard that keeps changi ng", said Pet e rBe cke r,
a scie n tis t at the Federal Standards Labora -
to ry in Braun schweig, an ins titutio n of 1,500
scie n tis t sde dicated entirely to improvi ng the
ability to mea s ure things pre cis ely.

The kilogr am’s app are n tlo ss of 50 mic r o-
gr ams (le ss than the weight of a grain of salt)
is enoug hto disto rt scie n tific calcula t ion s.

Mr. Becke r is lea ding a team of int e r-
nation a l re searche rs seeking to redefi ne the
kilogr amas a number of atoms of a selec-
ted ele ment. Other scie n tis t sare dev elo ping
a competing technique to defi ne the weight
using a complex mechanism known as the
wa t tbala n ce.

The final recom mendation wil l be made
by the Int e rnation a lCommit tee on Weights
and Mea s ure s ,created by int e rnation a ltreaty
in 1875. The age n cy keeps the int e rnation a l
refe renc ekilogr amin a heavi ly guarded safe
in a château outsid eParis.

It is visit e don ce a year, unde r st rict secu-
rity, by the only three people to hav ekeys to
the safe. The weight change has been not e d
on the occasio ns it has been rem ove d fo r
mea s urement.

The race is wel l un d er way to det e rmine a
new standard, alt hou gh at a mea s ure dpace,
si nce cre ating reliable mea s urements is such
pain staking wor k.

The kilogr amis the only one of the sev en
base units of mea s urement that stil l ret ain s

it s19th -centur y defin ition. Ove r the years,
scie n tis t s have redefi ned units such as the
metre (first base don the earth’s circumfer-
enc e) and the secon d (c onc eiv ed as a frac-
tion of a day). The metre is now the dis-
tanc e lig ht trave ls in 1/299,792,458th of a
se con d, and a secon dis the tim e it takes for
a cesium atom to vib r ate 9,192,631, 770
times. Each can be mea s ure dwith rem ark-
able pre cisio n, and, equ ally impor tant, can
be reprodu c e danyw here. The kilogr amwa s
conc eiv ed as the mass of a lit re of wat e r, but
mea s uring that accur ately prove d ve ry diffi -
cult. Ins tea d, an Englis h goldsm ith was
hi red to make a pla t i num -ir idium cylin d er
that wou ld be use dto defin ethe kilogr am .

A tot al of 80 copie sof the referenc ekilo -
gr am have been cre ated and dist rib u t e dto
signato rie s of the metr ic tre aty. The some -
time col our ful his t ory of thes esm all metal
cyli nde rs unde rscores how long the world
ha s us ed the same defin ition of the kilogr am .

Some of the metal plu gs were issued to
coun tries that lat e r vanish ed, such as Ser-
bia and the Dutch East Indies. The Jap an-
es eha dto sur rende rthei rs after the Secon d
Wo r ld War. Ger many has acqui red sev eral,
in clu ding the one issued to Bav aria in 1889
and the one that bel o ng ed to East Ger many.

To updat ethe kilogr am ,Germany is wor k-
ing wit h scie n tis t s fr om cou ntr ies inclu ding

Au s trali a, Italy and Jap an to produ c ea per-
fe ctly rou nd one -kilogr am si licon cryst al.
The idea is that by knowing exactly what
at o ms are in the cryst al, how far apart they
are and the size of the ball, the number of
at o ms in the ball can be calcula ted . That num -
ber then becomes the defin ition of a kilogr am .

To sep arate the three iso t opes of silicon,
Mr. Becke r and his team are tur ning to old
nu cle ar-we apons facto rie s fr om the for mer
Sovie t Un ion, whe re cent rif uges onc eus ed
to make hig hly enriche dur anium are able to
produce the requi red pur ity of silicon.

"We need so many nin es," Mr. Becke r
said, and the Sovie t ur anium processors are
on eof the only places to get them. "Wit h the
Russia ns, we’re getting about fou r of them"
– 99.99 per cent pure silicon 28.

A test cryst alha sbeen produ c e d, and Dr.
Ar nol d Nicol a us, anot he r scie n tis t at the
German standards laborato ry, is responsib le
fo r mea s uring whether it is per fectly rou nd.
He has mea s ure d the cryst al in a half-mil-
li on places to det e rmine its shape.

It’s probably the rou ndest item eve r ma de
by hand. "If the earth were this rou nd,
Mou nt Eve rest woul d be fou r metres tall,"
Dr. Nicol a us said.

An int rig uing charact e ris ti c of this smoot h
ball is that the re is no way to tel l whet her it
is spinning or at rest. Only if a grain of dust
la n ds on the sur face is the re something for
the eye to track.

Bu t scie n tis t sfr om the United States, Eng -
la n d, Franc eand Switzerland say the challenge
of calcula t i ngthe exact number of atoms in a
si licon cryst al is too impre cis e with today’s
technol ogy, so they are refin ing a technique
to calcula te the kilogr amusing vol tag e.

"Mea s uring ene rgy is easie r than cou nting
at o ms," said Dr. Richard Stein er, a scie n tis t
at the Nation a l Institute of Standards and
Te chnol ogy in Gaithersb urg, Md.
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