Special Feature

MSI newsletter. voll. No.1. 2011. metroloevindia.ore

Eﬁef History of Cesium Atomic Frequency Standards

t the present time, among all physical quantities,
® time interval and Feguency are the ones that can
be measured with the highest precsion and accuracy
Concepbually, the measurement of time is simple: we take a
dable periodic phenomenon with a period that is mudh
shorter than he time interval io be measurned . In this case the
measuremsent of time interval or egablishment of time scale
can be meduced o counting opdes of this periodic
phenomenon. Hstrically the bast long ferm stability was
provided by rotation of celestial bodies and indeed the
rotating earth still provides owr everyday feeling for time.
However, the gread progres in the accwacy of time
maasuremint in the last fve decades or s0 has come from the
we of aomic resonance fequencies This fundamenta
concept of using atomic Fequency standands and dodks was
first proposed by James Clak Maowell, in his 1873 reatise,
He woke “,.If, then, we wish o obiain standands of length,
timee, andmass which shall be absobutely per manent, we must
seek them not in te dimensions, orthe moton, or the mass of
our planet, but in the wawe-length, the period of vibration,
and the absolute mass of these impershable and unalterable
and perfeciysimilar molecwles™ . Therewas no way io realize
this ewcellent idea in 1873, but beginning in 1937 a series of
imventions and dewelopments eventually made atomic
Frequen: y tandard s possibile.

Atomic beam magnaetic resonance frequency standands
and docks were the first high precison stand ards and they are
atill wsed for the international definition of the second and for
man y preckion mesureman s, These clodks grew out of the
maolecular beam magnetic resonance mathod which was
irnrerted bey LL Rabiin 1937, The first experimen i on atomic
hyperfine transitions changing the value of F([F = [ +J}were
observed in 1940 by Rabi and his group in Columbia
Unrersity, induding the famows Cesium (Cs) ground state
hyperfine transition [9.192 GHe) thatis now wed for atomic
docls. The next major improsvemsent of acouracy of the
atomic Fequency standards was made in 1949 by Norman
Ramsey, who imented the methods of separated and
sucoesive cacillatory fields. The first working Cs atomic

L Feen jon nght] wsh the st s adomc fequenoy standand
devedoped by him

Frequency sandard thal oontdbuted
i a national tme and freguency
Aandands was con srected in 1955 by
Esen amd Parry at the Mationa
Physical Laboratory in England.
From 1956 omward mary Cs atomic
dock improvement were developed
at universities, national laboralores

and indusivies around hewordd. The D A Sen Gupda
Cesium dock has since started Sdentit 'H'
MNPL, Mew Diedhi

becoming avaiable worddwide as a
ocommeial product

In 1967 theunit of ime, e second, was deined in lerms
of the Cs hyperfine cscllations. Subseguent international
agreements provided an inermational UTC (Unhsersal Time
Coordinated) hased on atomic time but with keap seconds
introduced whenerer necessany o heep UTC within 0.7
seoonds of GMT [Greerwich Mean Time) as determined by
agronomical observations. In subsequent years up io the
present the acouracies of the best G beam docdks have
deadily improwed and the unit of ime continues i be
defined imterms of the Cs frequency.

Beat acowracies achievable in fhe Cs beam sandads as
discussed above were limited o about 10" due o the short
it ac ion time between the mioowave inlemogating signals
and the therma atoms due to teir lange velocities. A major
reakhrough was made in the late eighties by Steven Chu at
Standord and ear by nineties by Andre Clairon's group in BINM,
Pars by employing a dowd of laser cooled atoms and
launching the atoms vertically upswards. This & the so called
s fountain in which it & posible o enhance the Cs
microwvave interrogation ime o about hall a second, thus
resulting in achievable arcuracies of the order of 10, In the
last decade or so several Cs fountains havwe been made in
Mational Metrology Institutes [NMs) around fe wordd, such
&, MIST [UI5A), PTE [Gamany), BNM [France), NPL [LK)
ae. At present these fountains majordy contibute to the
determination of te rate of UTC maintained by BIFM in
Paris,

Although present-day Cs microwave Megquency
dandards perform at an already remarkable level, a new
approach o timeieaping based on optical atomic ramnsitions
promies il geater improvwements. %; using optical
[~ 10" Hz) rather than micowave [~ 10 Hz) frequencies
results in five orders of improvement. However, the optical
tandands are mosfy based on dngle trapped jon that can be
lser-cooled o the =ro point of ils motion, thereby
appresing Doppler dffecs fhat can shifi the resonance
Frequenay. Lse of sngle jons as oppesed to a doud of a few
million atoms [as in a Cs foun &in ) results in a kess of sgnad o
noise, This can be forumately made up by wsing lange
interrogation times as the bfaime of the trapped jon is
wpicaly longer than days. Optical standards can fhus be
corsiderably more stable and acourate as wel, as several ey
Frequency shifis are fractionally much smaller in the optical
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domain, COulstending paformances have albeady been
demaonsty aed with oplical ransitions in a var iy of single-ion
apstems, induding Hg™, Yb°, 57, In®, Al ete. 1tis anticipated
thatin thecoming years the systematic effectsin a lew @ ngle-
jon optical frequency standards could be controlled ata level
thatwould parmit acouracies of fese docks approaching an
unprcedented 10, A natwal consequence of axh a
development would be the comsideration by fwe BIPM of
redefining the S second in temms of an optical ransition

irstead of the present D, 192631770 Ghz Cs ransition.

Research on atomic kequency standands at NPL, India
hias been purswed in right earmest in the last five years or 5o, At

present we have just conmpleted the development of a Cs
fountain — the first in fhe country and among less San ten in

the wordd. We are alo undertaking an ambitious reseanch
project on optical freguency stendards based on single
trapped jons inthe coming years,
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