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Time scale: the 4th coordinate of a space-time system

From the observation of a position, 

based on Newtonian dynamics

From the integratedaccumulation 

of time units, defining an origin

to the time coordinate

to a proper time scale
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Time is the parameter of a mathematical equation 

describing the dynamics of an observable system

For any configuration of the dynamical system a unique 

(or distinguishable) time instant is associated

Example: Keplerolaw gives a relation between observed 

positions of the Earth and particular time instants

Measuring timemeans measuring position

A coordinating organisation is needed, 

time unit is not directly accessible
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Observation errors

ÅDecrease as technology improves

Definition errors

Åin the mathematical equations

Åin the knowledge of initial conditions

Åimperfect knowledge of influencing factors
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Letôs take a physical system that presents repetitively 

two identifiable different states. If the time interval 

between the two states is constant 

we can define a unit of time

Choosing arbitrarily an origin and summing up successive time 

units (without dead time)

we build up a time scale. 

Any time interval is easily measured as difference between 

final and initial dates,  the time unit is easily accessible
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Realisation errors

Åthe origin has not a unique definition

Definition errors

Ådifficult to reproduce the time unit always in same 

conditions

Åif the time unit realisation differs from the definition, 

the error accumulates and the realised time scale 

diverges from the definition
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For centuries

The time was given by the rotating Earth

on which we set the clock

The time is given by atomic clock

used to study Earth rotation

From 1967
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Along centuries...

Ådayandnight aretheñnaturalòtimeunit

Åit wasobservedthat during the year the lengthof day

changesbut theñMeanSolarDayòwasdeemedconstant

andUniversal

ÅUniversal Second = 1/86400 of rotational day (Mean 

Solar Time)

Å1884Greenwichreferencemeridian

Å1925 International Astronomical Union fixes the

beginningof themeansolardayat h. 00 anddefinesthe

UniversalTime
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the rotation rate is constant?
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Polar motion

Suspected around 1850 from astronomers

The Polar 

is higher!
Thatôs odd! The 

Polar seems lower!

Polar motion can be measured but is not  

predictable 
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http://www.iers.org International EarthRotation and ReferenceSystemsService

Polar motion

Solid line : mean pole displacement, 

About
10 m

http://www.iers.org/
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Units and conversion of units

1
astronom
ical unit

UA 
149 597 
870.691(

6) 
km 

0.0000
4 

numerical
IERS
Standards

From milliarcseconds (mas ) to
radians

1 mas = 4.8481 (1) 10 -9 rad

What represents an arc of 1mas
from the center of the Earth at
distance equal to the polar radius
(6 356 755 m)?

3 .1 ( 1 ) cm

Conversion of arc units in hour,
minute, second to arc units in
degre , arcminute , arcsecond

24 h = 360 ° 1 h = 15 °
1 min = 15' 1 s = 15" 
1 ms = 15 mas 

Polar motion over recent year                Atmospheric excitation in 2010

http://www.iers.org

About
10 m

http://hpiers.obspm.fr/eop-pc/images/lod.png
http://hpiers.obspm.fr/eop-pc/images/lod.png
http://hpiers.obspm.fr/eop-pc/images/pole.png
http://hpiers.obspm.fr/eop-pc/images/pole.png
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Seasonal variation: 
in summer we spin faster

•A. Scheibe, 1936 in Berlin

•N. Stoyko, 1936 in Paris (BIH)

with crystal clock the day was measured shorter of about 1.2 ms 
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http://www.iers.org

Variations 

in the duration of the 

day
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Secular slowing down
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UT = Universal Timescale  

UT1 = Universal Timecorrectedby polarmotion

UT2 = Universal Timescale  correctedby seasonalvariations

…. (UT not GMT!)

The Universal Timewasimproved
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Χƛƴ мфсл

Åthe ñrevolutionòof the Earth aroundthe Sun is

constant.

ÅMeasuringthe longitudeof the Sunandusingthe

equationof theapparentSunorbit

ÅThe new time scale: EphemerisTime startsfrom

h. 0 UT of January1st, 1900.

ÅTimeunit is theEphemerisSecond=

1/31 556 925.9747 of the tropical year on day

January 0, 1900

Åany new definition of the Second has to be in 

agreement with the previous one. For continuity 

with UT, this is the duration of the second in 1900

that duration! 

in 1960 this duration was 

already shorter than 1/86400 

of the Mean Solar Day
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Χƛƴ мфст

ÅAtomic Second= 9 192 631 770 periodsof the

radiationcorrespondingto the transitionbetween

thetwo hyperfinelevelsof thegroundstateof the

Cs133atom

ÅFirst comesthe second,then the time scale: in

1971: Temps Atomique International TAI,

InternationalAtomic Time

ÅTAI startsfrom h. 0 UT of January1st, 1958.

ÅThe lengthof the atomicsecondis in agreement

with theEphemerissecond

therefore shorter 

than 1/86400 of the 

Mean Solar Day
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So far we havelearnt that the AtomicSecondis, by definition,
shorterthan the current RotationalSecond(Universal Time) 

becauseit wasdefinedin agreement with
the durationof the RotationalSecondin 1900 and
the Earthis (slowly!) slowingdown
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Any clock realisesa properlocal time

The average of many different proper 

times may be a coordinatetime 

(as the International Atomic Time)

In a relativistic frame
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The International Astronomical Unionrecommends time scales 

and reference frames for the different applications in  

Geocentric or SolarSystem Barycentricframes.On the Earthor 

in the vicinity (50000 km) the referencetime scale (1991) is the 

The Terrestrial Time is a coordinatetime scale defined 

in a geocentricreference frame (centeredat the centre 

of the Earth), with scale unit the SI second as realised 

on the rotating geoid, i.e. differing by a constantrate 

with respectto a geocentricclock.
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The SI second as realised on the rotating geoid

The geoid is an empirical surface known with relative uncertainty of  

about 10-17 . In addition, the rotating velocity impacts at 10-19 level.

The definition of the Terrestrial Time wasupdated(IAU 2000) as:

The Terrestrial Time is a coordinatetime scale defined 

in a geocentricreference frame (centeredat the centre 

of the Earth), with scale unit the SI second differing

by a constantrate LG= 6.969290134 *10-10 with 

respectto a geocentricclock.

LGequalsUG/c2 where UG is the geopotentialat the geoid
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But which is now the angular position of the

is the best realisation of the Terrestrial Time
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Some users need to know the relationship between the 

Universal Time UT1 (rotational) and the Atomic Time

The Universal Coordinated Time(UTC) is a 

trade-off definedwith thesame time unit as TAI 

but with insertion of additional leapsecond

TAI-UTC = n seconds n = 0, °1, °2, ...

|UT1-UTC| < 0.9 s
Universal TimeUT0, 
UT1, UT2,….
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Leap seconds are 

useful or annoying? 
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GPS time was set in agreement with UTC on h. 00 Jan 6, 1980 

UTC- GPS Time

UTC- GPS Time= - 17s

UTC- GPS Time= - 18 s

06/01/80 31/12/2016 1/1/2017

UTC- GPS Time=0 s

Global Positioning System: navigation and timing services

The accumulate time difference between UTC 

and GPS time is now of 18 seconds. GPS time is ahead 18 s
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Leap seconds in Global Navigation Satellite System time scales

GNSSsprefernot to applyleapseconds(exceptGLONASS), their time scale is
easilyavailableall over the world inside the navigationmessage, reference
time scalesdiffer from seconds, source of CONFUSION!!! 
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BIPM press release 13 October 2011 
The proposed redefinition of Coordinated 
Universal Time, UTC 

Today, leap seconds keep UTC, a time scale 
based on atomic clocks, in phase with the 
slightly variable rotation of the Earth. 
The possibility of dropping the leap seconds 
in UTC has created misconceptions in the 
popular press as to what is at stake. 
There are an increasing number of users of 
precise timing for whom the leap second 
causes serious technical problems. 

Shouldwe abandon leapsecond?
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Severalinternationalorganisationscreatedworking
groupsto evaluatethis issue. In November2015 ITU 
GeneralAssemblydecidednot do changetill 2022. ITU 
would continue to be responsible for the dissemination 
of time signals via radiocommunicationand BIPM for 
establishing and maintaining the second of the 
International System of Units (SI) and its dissemination 
through the reference time scale.
Rendez-vousin 2023 at the next ITU World Assembly 

Leap seconds are 

useful or annoying?

The current 

proliferation of time 

scales is generating 

confusion and 

possible danger 



UTC is the reference time scale for world wide time 

coordination.

It serves as the basis of legal times in the different 

countries.

UTC is calculated at the BIPM on the basis of readings of 

clocks in the national laboratories.

Local realizations of UTC named UTC(k) are broadcast by 

time signals.
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Local time scale UTC(k) are 

realised by national laboratories

The International Atomic Time and the 

Universal Time Coordinated are the ultimate 

time referencebut available

The UTC computation is international, the local time scale UTC(k) 

are based on similar principles (see T.Idotomorrow)
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º500 atomic clocks
in 80 laboratories

º10 primary frequency
standards

Measurement of 
Earth’s rotation (IERS)

EAL

TAI

UTC

weighted average

frequency steering

leap seconds

BIPMCircular T[UTC- UTC(k)]

Echelle
AtomiqueLibre

International
Atomic Time

Coordinated 
Universal Time

freq stability 

3 x 10-16

@ 30-40 days

freq accuracy ~10-16

Computation of UTC (monthly) at the BIPM



Cesium 
clock

Cesium 
average

H maser

Steered H 
maser

time

Time error

Calibration by a frequency 
standard 



time

Time error

Calibration by a frequency 
standard 
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About 500 Clocks participating in TAI

ÅCesium clocks 60% 

ÅHydrogen masers 35%

ÅOthers 5%

PTB- CS1

PTB- CS2



Remote clock comparison
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Å Primaryand secondarystandards reportedto the BIPM

ï 2016: 56 reports from 8 fountains(the best is slightly below2x10-16 )

ï 2017: 45 reports from 7 fountains+ 2 opticallattices

Primary

Standard

Type 

/se lect ion

Type B std.  Uncerta inty

/  10-15

Operat ion Comparison

with

Number/ typical  durat ion 

of  comp.

IT -CsF2 Fountain 0.17 Discont inuous H maser 3  /  20  d  to  30 d

NIM5 Fountain 1.4 ,  then 0 .9 Discont inuous H maser 3  /  15  d  to  20 d

PTB-CS1 Beam /Mag. 8 Continuous TAI 12 /  25 d  to  35 d

PTB-CS2 Beam /Mag. 12 Continuous TAI 12 /  25 d  to  35 d

PTB-CSF1 Fountain 0.35 to  0 .40 Nearly  cont inuous H maser 7  /  15  d  to  30 d

PTB-CSF2 Fountain 0.20 to  0 .24 Nearly  cont inuous H maser 12 /  20 d  to  35 d

SU-CsFO2 Fountain 0.24 Nearly cont inuous H maser 6  /  15  d  to  35 d

SYRTE-FO2 Fountain 0.24 to  0 .37 Nearly cont inuous H maser 9  /  10  d  to  35 d

Secondary

Standard

Type 

/se lect ion

Type B std.  Uncerta inty

/  10-15

Operat ion Comparison

with

Number/ typical  durat ion 

of  comp.

SYRTE-FORb Fountain 0.28 to  0 .30 Nearly cont inuous H maser 9  /  10  d  to  35 d

SYRTE-Sr2 Latt ice 0.04 or  0 .20 Discont inuous H maser 4  /  10  d  to  20 d

SYRTE-SrB Latt ice 0.05 Discont inuous H maser 1  /  15  d

Å Development of new standards is encouraged 

ï Cs fountains (~6-7 currently under development)

ï Secondary Frequency Standards are strongly expected to contribute

Primary and secondary frequency standards



Primarystandards calibratethe frequencyof the 
Echelle Atomique Libre EAL

2006 2012 2018



2012 2018

FromEAL to TAI with the PFS steering

Accuracy ≈2 x 10-16 since 2012

Periodof estimation
d  departureof TAI unit 

from the SI second
u

58299-58329 0.63x10-15 0.25x10-15 (2018 JUN 30 - 2018 JUL 30)
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ftp://ftp2.bipm.org/pub/tai// Circular-T/cirthtm/cirt.367.html

ftp://ftp2.bipm.org/pub/tai/Circular-T/cirthtm/cirt.367.html
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every week, 
on Wednesdays

the results are 

in the previous week (Monday-Sunday)

Since 2013 a rapid evaluation of UTC is available
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Allows to generate dynamic 
plots using Time Department 
products :

ü UTC-UTC(k)

ü UTCr-UTC(k)

ü UTC-GNSS Times

Results are available in the data base    http://webtai.bipm.org/database/

and https://www.bipm.org/en/bipm-services/timescales/time-ftp

http://webtai.bipm.org/database/
https://www.bipm.org/en/bipm-services/timescales/time-ftp
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---Fractionnalfrequencyof EAL for CirT.367 TAI367 

Measurements in 10**-13
Code   Standard Start   End   f(EAL)-f(st.) Unc.A Unc.B Coef.    Residual Norm.Res
1920001 PTB CS1  57934. 57964.   6.53409  0.06001   0.08000    0.000003   0.03940   0.39401
1920002 PTB CS2  57934. 57964.   6.55145  0.03003   0.12000    0.000002   0.05676   0.45888
1920803 OP  FO2  57934. 57944.   6.49370  0.00930   0.00240    0.000333  -0.00099  -0.10269
1920803 OP  FO2  57949. 57964.   6.50082  0.00552   0.00240    0.000700   0.00613   1.01903
1920502 PTB CSF2 57934. 57954.   6.50325  0.00275   0.00240    0.001964   0.00856   2.34622
1930803 OP  FORb 57934. 57944.   6.49550  0.00775   0.00662    0.000296   0.00082   0.08027
1930803 OP  FORb 57949. 57964.   6.49592  0.00597   0.00662    0.000319   0.00124   0.13889
1920001 PTB CS1  57964. 57994.   6.57614  0.06002   0.08000    0.000002   0.08145   0.81444
1920002 PTB CS2  57964. 57994.   6.50245  0.03005   0.12000    0.000001   0.00776   0.06276
1924801 NIM NIM5 57969. 57989.   6.50262  0.00913   0.01400    0.000056   0.00793   0.47468
1920803 OP  FO2  57964. 57984.   6.50575  0.00467   0.00260    0.000710   0.01106   2.06992

ftp://ftp2.bipm.org/pub/tai/other -products/etoile/et18.07

# Estimate of d by individual PSFS measurements and corresponding uncertainties. 
#------------------------------------------------------------------------------------------------------------------
SU-CsFO2   56684 56714  -0.50   0.29   0.50  0.10   0.33    0.67   PFS/NA     [3]    0.50     Y   1403 
SU-CsFO2   56899 56929   0.85   0.24   0.25  0.10   0.33    0.49   PFS/NA    T315     0.48    Y      1409 
SU-CsFO2   56929 56959   0.13   0.22   0.25  0.11   0.33    0.48   PFS/NA    T315    0.50     Y     1410 
SU-CsFO2   56959 56989   0.53   0.23   0.25  0.11   0.33    0.48   PFS/NA    T315    0.50     Y     1411 
SU-CsFO2   57049 57079  -0.40   0.24   0.25  0.13   0.59    0.69   PFS/NA    T315    0.50     Y    1502 
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How secondaryfrequencystandard  

cancontribute to UTC ?



They are already contributing 

In Circular T there are the  
PFS evaluations

In July 2015 we can see the 
SYRTE –Rbfountain

in March 2017 the SYRTE 
Strontium standards 

Secondary Standards 
contribute to the steering of 
TAI since July 2013, if 
deemed not detrimental.

=> new column introduced.

July 2015 

March 2017 



Since 2001 CCL-CCTF working group on Frequency Standards: 

produces and maintains a single list of Recommended frequency standard values 
for applications including the practical realization of the metreand secondary 
representations of the second.

13th CGPM (1967)
Resolution1
Thesecondis the durationof 9 192631770periodsof the radiationcorrespondingto the transitionbetweenthe
two hyperfinelevelsof the groundstateof the caesium133atom.

Resolution2

Consideringthat the cesiumfrequencystandardis still perfectibleand current experimentsallow the hope of
producingotherstandardswith evenbetter qualitiesto definethe second,

invitesΧ. laboratoriesin the fieldof atomicfrequencystandardsto activelypursuetheir studies.

See  https://www.bipm.org/en/publications/mises-en-pratique/standard-frequencies.html

https://www.bipm.org/en/publications/mises-en-pratique/standard-frequencies.html
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By comparing against a primary freq standard, like a CS fountain, connected by a short 
cable or a long fibre

By measuring SFS with respect to a UTC(k) time scale or an individual clock entering in UTC
ï Using Circular T monthly estimation of dTAI

ï Comparison to the best estimate of an ensemble of PFS ( a dTAIestimation on demand)

If the SFS is in Lab, not producing a UTC(k) time scale and not part of UTC?

Å Any laboratory can be considered as a virtual “additional laboratory” that can be included 
in BIPM computation if it is equipped for example with a GNSS (Global Navigation Satellite 
System) receiver. 
ï This evaluation will be limited by frequency transfer uncertainty, the TAI deadtime(if the measurement is 

shorter than 1 month), and by the accuracy of PFS/SFS, as for a UTC laboratory.

How a SecondaryFrequencyStandard  canbe evaluatedwith 
respect to the SI second?

See G.Petit, G.Panfilo, “Optimal traceability to the SI second 
through TAI” Proceedings of the EFTF 2018  and T. Ido tomorrow
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UTC isa weightedaverageof clockreadingbasedon clocktime 
comparison

The PSFS are frequencycalibrations usuallyof a «clock» 
participatingto UTC

How primaryand secondaryfrequencystandard PSFS 
canbetter enter in UTC?

yTAI-yPSFS= (yTAI-yclock)+  (yclock- yPSFS)

FromUTC 
monthly
computation

FromPSFS 
calibration
Lasting one 
month?



Study case: a PSFSis used as reference to measurethe frequencyof a H maser,
whosefrequencydeviationevolution can be modeledas a straight line affected by
white frequencynoise. PSFSmeasuresareavailableonlya few daysduringthe month

True Frequency behavior 
of a Hydrogen maser 

Available measures 
versus PFS 

How deadtimecanaffect the estimation?



Weestimatethe effect of deadtimeon the leastsquareestimationof a straightline

Foreasyvisualizationwe usea barycentrecoordinateĄ the origin of the new time
coordinateisplacedin the centerof the availablemeasuresepochs

ὸ ὸ ὸ

ὸ π

ÙÔ Ù ÄÔ Ô

Deadtime on a Least Square linear fit



ɫ dependsonlyon the numberof measuresandthe uncertaintyof eachof them

LeastSquareapproach

ὢ
ώ

Ὠ

В Ù

.
В ÔÙ

В Ô

ɫ
ʎ

.

ɫ
В

ὸ ὸ ὸ

ÙÔ Ù ÄÔ Ô

ɫ depends on the uncertainty ůof the measures and on the sum of the

distance between all measurement epoch ti and the baricentre time tB

Estimateof 
the mean
frequency

Estimateof 
the linear
drift



Study case: H maser participating to UTC measured versus PSFS

We want to estimate the 
mean frequency of the H Maser vs PSFS 
in ὸ the center of the previous month

ώ ώ Ὠὸ ὸ

ό ό ό ὸ ὸ

In presence of dead time 
the estimation time ὸcould be 
different from the barycentreὸ ὸ.
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the best case with lower uncertainty on the 
estimate of ◐◄╜ corresponds 

to the case ◄║ ◄╜, 

the worst case is when ◄║ is very distant 
from ◄╜ and the measures are very close 
to each other

H maserparticipating to UTC 
measured versus PSFS

Estimate of ώ is always good
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When  ὸ ὸ the uncertainty depends on the distance among the measures 
and between ὸandὸ

CASE A CASE B

H maserparticipating to UTC 
measured versus PSFS

Best case
Worstcase



The estimate of the frequency offset does not 
depends on dead times and it is always correct 
(under these assumptions)

Minimum uncertainty is obtained when the 
measures are symmetric with respect to the center
of the month

Measures not symmetric and very close to each 
other leads to the worst case 

H maserparticipating to UTC 
measured versus PSFS



Which are the affecting noises and are them 
stationary?

Not only estimating whichfrequencies existed

But also estimating whenthey existed

Time and Frequency spectral analysis 
is a useful tool

How primaryand secondaryfrequencystandard PSFS 
canbetter enter in UTC?
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Time- frequency analysis

It describes how the frequenciesof a signal change with time

Bowhead whale

L. Cohen, Time-frequency analysis, Prentice-Hall, 1995
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slidingthe Allan varianceestimatoron the data 
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A Dynamic Allan variance
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stability may vary with time
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stability sliding 
estimator

L. Galleani , P. Tavella , òDynamicAllan varianceó, IEEE Trans UFFC, vol. 56, no. 3, March 2009, pp450-464
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Simulation results : Bump
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L. Galleani, P. Tavella, “Dynamic Allan variance” , IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, UFFC, vol. 56, no. 3, March 2009, pp450-464
L. Galleani, P. Tavella, “The Dynamic Allan Variance V: Recent Advances in Dynamic Stability Analysis”, EEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, 
Vol. 63, No. 4, Pag 624 - 635, April 2016

The Dynamic Allan variance

Discrete time formulationfrom the phasesamplesx[n]
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where:
Ʒ Nw is the window length

Ʒ xN is the phase signal in the window Nw

Ʒ t0 is the sampling time

the DAVAR estimator

has no expectation value E because we have one realization only

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin="Authors":.QT.L. Galleani.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin="Authors":.QT.P. Tavella.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7339453&filter%3DAND(p_IS_Number:7445917)
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CANVAS by NRL @ https://goby.nrl.navy.mil/canvas/download/

STABLE 32 version 1.5
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Comingback to opticalclock



Whenare we readyfor an opticaldefinition of the second?

Roadmap to a redefinition (CCTF 2017)
https://www.bipm.org/utils/en/pdf/CCTF-
strategy-document.pdf

1. ... at least three different optical clocks (either in different laboratories, or of different species) 
have demonstrated validated uncertainties of about two orders of magnitude better than the best 
Cs atomic clocks at that time  

2. 2. … at least three independent measurements of at least one optical clock of milestone 1 were 
compared in different institutes (e.g. Dn/n < 5 x 10 -18 ) either by transportable clocks, advanced 
links, or frequency ratio closures.

3. … there are three independent measurements of the optical frequency standards listed in 
milestone 1 with three independent Cs primary clocks, where the measurements are limited 
essentially by the uncertainty of these Cs fountain clocks (e.g. Dn/n< 3 x 10 -16 ). 

4. … optical clocks (secondary representations of the second) contribute regularly to TAI.
5. … optical frequency ratios between a few (at least 5) other optical frequency standards have been 

performed; each ratio measured at least twice by independent laboratories and agreement was 
found (with e.g. Dn/n< 5x10 -18 ).



Are we readyfor an opticaldefinition of the second?

Å The WGFS typically revises 

the list of transitions and 

recommended values for 

each session of the CCTF 

(every 2-3 years) 

https://www.bipm.org/en/publications/mises-en-pratique/standard-frequencies.html

Å Example of the 87Sr 

transition

Á Value and 
uncertainty revised 
5 times since 2006

Á Conventional 
uncertainty now at 
4x10-16 limited by 
Cs uncertainty.



How to compare optical clocks at distance?
At the 10-18 accuracy level 

Only fiber links can make it within hours

Presently limited to (sub) continental links

At the 10-17 accuracy level 

Several techniques can provide such performance

GPS IntegerPPP

< 1x10-16 after several days

Readily available, no constraint

Two way Carrier Phase
< 1x10-16 after one day?
Available, with constraints

ACES MWL
1x10-17 after one/several days?
To be launched > 2020



Relativistic geodesy

To compare two clocksat a distance, one has to account
for their relativistic frequencyshift

dtA / dtBҒ1 + (WB - WA)/c2 whereW is the gravity
potential

At the 10-18 accuracy level one needs to 

know the clocks height with 1 cm accuracy

Converselyone candirectly measurethe 
geopotential(height) differencebetweenany
two clocks(1 cm º1x10-18) if 

ÅThe clocksare accurateto 10-18

ÅTheirfrequencydifferencecanbe measured
to 10-18

The clockismeasuringthe geopotentialor the 
knowledgeof the geopotentialisusedto correct the 
clock? Shallwe definetime scalein space?



… optical clocks (secondary representations of the 
second) contribute regularly to TAI

We look forward to your evaluations of secondary 
standards

ïto gain experience and promote their use

ïto determine / check their reference frequency

ïto prepare for future changes

March 2017 
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https://www.bipm.org/utils/en/pdf/26
th-CGPM-open-session.pdf

CGPM open 
session 
on Friday Nov16th 
morning

availablein 
streaming

ADVERTISEMENT: CGPM 2018 is expected to change SI 



www.bipm.org

THANK YOU


