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General organization
Time, frequency and gravimetry section since 1 January 2006

• Staff
• E. Felicitas Arias (Head)
• Wlodzdimierz Lewandowski
• Raymond Felder
• Zhiehng Jiang
• Hawaï Konaté
• Jacques Labot
• Gérard Petit
• Lennart Robertsson
• Laurent Tisserand
• Leonid Vitushkin
• Peter Wolf
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Characteristics and metrologic quality of TAI/UTC

Atomic time scales
TAI is continuous; UTC has 1-second discontinuities (leap
seconds),

• IERS monitors the Earth rotation and announces the dates 
of application of leap seconds

Calculated in post-real time (~10 days after the last date of 
data) 
Frequency stability (4 x 10-16 @40 days)
Unit: SI second
Frequency accuracy (~10-15)
UTC has local approximations UTC(k), disseminated by time 
signals
UTC is the basis of legal times
TAI is a frequency reference



Bureau International des Poids et Mesures

Process of calculation Time section

Time and frequency
differences

Clock data Time transferdata

EAL •Optimized frequency
stability

•No constrained to be
accurate in frequency

PFS data Frequency corrections

+

TAI + (-n x s) UTC

•Optimized frequency
stability

•Accurate in frequency



Bureau International des Poids et Mesures

Contributors to TAI

• 58 time laboratories in NMIs and observatories

• 38 countries
• 34 member states of the Metre Convention
• 4 associates to the CGPM

• Laboratories maintain local realizations of UTC, named
UTC(k)
• UTC(k) represented by a clock
• UTC(k) derived from a clock ensemble
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Clocks in TAI

• Participating clocks
• ~ 300 
• 10% of clocks does not participate
• in a month

• Type of clocks
Stability Accuracy

Cs standard (st. tube) 5 x 10-14         1 x 10-12

@ 5 days

Cs standard (high perf.) 1 x 10-14          5 x 10-13

@ 5 days

H- maser (active) < 2 x 10-16 

@ 1 day
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Clocks (cont.)                                                        Time section

18%

67%

15%

H-masers

HP 5071A

Other clocks

Relative weights

ωmax = 2.5 / N

13% of clocks

17% of HP5071A

7% of H-masers

σmin= 6x10-15

Participating clocks 2006

65%

14% 21%
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Primary frequency standards in TAI

PFS Type uB × 1015

LNE-SYRTE-FO2 Cs/Rb double fountain 0.7

LNE-SYRTE-FOM Cs fountain 1.1

LNE-SYRTE-JPO Optically pumped Cs beam 6.4

NICT-O1 Optically pumped Cs beam 5.5

IEN-CSF1 Cs fountain 1.0

NIST-F1 Cs fountain 0.4

PTB-CS1 Magnetically defl. Cs beam 8.

PTB-CS2 Magnetically defl. Cs beam 12.

PTB-CSF1 Cs fountain 2.6

NPL-CSF1 Cs fountain 1.0

NMIJ-F1 Cs fountain 4.0
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Clock comparison

36%

33%

9%

15%

5% 2%

GPS single-channel
(20, 23%°)

GPS multi-channel
(28, 43%)

GPS P3

TWSTFT (12, 13%)

GPS GT

IL

10

5

1

uncertainty (ns)

(dual-freq) (19, 18%)

IGS products

• orbits

• ionosphere



Bureau International des Poids et Mesures



Bureau International des Poids et Mesures

Progress in the period 2004-2006

• Techniques and methods of time transfer
• GPS single-frequency
• GPS dual-frequency
• TWSTFT
• GPS satellites common-views / GPS all-in-view
• Baselines with multiple techniques
• Comparison of techniques / methods
• GPS equipment calibration (single and dual-frequency)
• Publication of link comparison results on ftp



Bureau International des Poids et Mesures



Bureau International des Poids et Mesures



Bureau International des Poids et Mesures



Bureau International des Poids et Mesures



Bureau International des Poids et Mesures



Bureau International des Poids et Mesures

Progress in the triennium 2003-2006

• Uncertainties

• Time links (published in BIPM Circular T)

• [UTC-UTC(k) 

• Key comparison in Time (published in the BIPM Key 
Comparison Data Base, KCDB)
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CCTF-K2001.UTC     Calculation of UTC
Degrees of equivalence: [UTC  - UTC (k )] and its expanded uncertainty (U k = 2u k )

Computed values for 29 May 2006 at 0h UTC, MJD = 53884
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Red diamonds: direct values [UTC  – UTC (k )]
Black squares: [UTC  – UTC (k )] values taken modulo 100 ns
Open symbols represent values for laboratories in Associate States and Economies of the CGPM
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Progress in the triennium 2003-2006

• TAI accuracy

• 11 primary frequency standards contributing
• 7 caesium fountains
• Reports of measurements with more frequency
• New frequency steering strategy to pilot the frequency of TAI

• Secondary representations of the second
• Micro-wave (Rb) - recommended
• Optical (Sr+, Hg+, Yb+, neutral Sr) – to be submitted to 

the CCTF
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Primary frequency standards                                                Time section

• Frequency steering

Apply a frequency correction to assure the accuracy of the 
scale

f(TAI) = f(EAL) + corr (steering, pilotage)

• since 1997  corr = -1 x 10-15 every two months

• since july 2004  corrmax = -0.7 x 10-15 monthly
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Max. corr. 0.7 × 10-15, 
monthly

Corr. 1 × 10-15, bi-monthly
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Regular publications

• BIPM Circular T, monthly
• [UTC – UTC(k)] and their uncertainties
• [TAI-TA(k)]
• PFS contributions, individual values of d, BIPM estimation
• [UTC-GPS time], [UTC-GPS time]
• Type of time links, uncertainties, calibration information

• BIPM Time section Annual Report
• Results for a year
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Internet (web site / ftp)

http://www.bipm.org/jsp/en/TimeFtp.jsp

http://www.bipm.org/jsp/en/TimeFtp.jsp
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Data submission format

ftp://62.161.69.5/pub/tai/data/readme.pdf

ftp://62.161.69.5/pub/tai/data/cggtts_format_v1.pdf

ftp://62.161.69.5/pub/tai/data/cggtts_format_v2.pdf

ftp://62.161.69.5/pub/tai/data/readme.pdf
ftp://62.161.69.5/pub/tai/data/cggtts_format_v1.pdf
ftp://62.161.69.5/pub/tai/data/cggtts_format_v2.pdf
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Clock data format

•One file to be submitted on the 5th of the month,

•clock data 

•clock step data

Any text should be in a separate file. 
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Time transfer data

• GPS files
• CGGTTS standard format
• Submitted weekly

• TWSTFT files
• ITU standard format
• Submitted with different frequency (daily, weekly,)

• Files sent by e-mail, posted on the lab’s fpt, or posted at
the time section ftp.

• Using ftp is strongly recommended.
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Final comment

• To speed up the publication of Circular T, and to render
the process more reliable, an automated software has 
been designed.

• This software is « user friendly », but in order to make a 
rational use if it, format respect is requested.
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Wlodek Lewandoswki, 2002.
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