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General organization
Time, frequency and gravimetry section since 1 January 2006
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 E. Felicitas Arias (Head)
 Wlodzdimierz Lewandowski
 Raymond Felder
« Zhiehng Jiang
 Hawai Konaté
e Jacques Labot
o Gérard Petit
e Lennart Robertsson
e Laurent Tisserand
e Leonid Vitushkin
o Peter Wolf
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Characteristics and metrologic quality of TAI/UTC

v' Atomic time scales

v TAl is continuous; UTC has 1-second discontinuities (leap
seconds),

 |[ERS monitors the Earth rotation and announces the dates
of application of leap seconds

v’ Calculated in post-real time (~10 days after the last date of
data)

v Frequency stability (4 x 1016 @40 days)
v Unit: Sl second
v Frequency accuracy (~10-19)

v UTC has local approximations UTC(k), disseminated by time
signals

v UTC is the basis of legal times
v' TAl is a frequency reference
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Process of calculation

Time and frequency
differences

| Clockdata |«—| data | — | Time transfer
~ —T

EAL «Optimized frequency
stability

_ —_— _ *No constrained to be
Frequency corrections

accurate in frequency

*Optimized frequency l
stability

{ < TAI + ('n X S) In—> UTC

*Accurate in frequency

Bureau International des Poids et Mesures




Contributors to TAl
« 58 time laboratories in NMIs and observatories

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

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

o Participating clocks
« ~300
» 10% of clocks does not participate
e Inamonth ;

* Type of clocks

Stability Accuracy

Cs standard (st. tube) 5x 1014 1x 1012
@ 5 days

Cs standard (high perf.) 1x10%* 5x1013
@ 5 days

H- maser (active) <2x1016
@ 1 day

Bureau International des Poids et Mesures




Clocks (cont.)

Participating clocks 2006

14% 21%

ther clocks

65%
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Relative weights

™, =25/N
13% of clocks
17% of HP5071A

7% of H-masers

Cin= 6X10-1°
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Primary frequency standards in TAI

PFS Type ug x 101
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 55
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

uncertainty (ns)

[] GPS single-channel
(20, 23%°)

B  GPS multi-channel
(28, 43%)

L] GPS P3 (dual-freq) (19, 18%)
1« O TWSTFT (12, 13%)

IGS products

e Orhits
m GPSGT

* ionosphere
O 1L
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8 Laboratory equupped with TWSTFT (not vet used)
TWSTET by En band with X band back-up
TWSTEFT link

— GP5 CV single-channel link

== —- GP5 CV single-channel back-up link
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Progress in the period 2004-2006

 Technigues and methods of time transfer
* GPS single-frequency
o GPS dual-frequency
o 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
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Progress in the triennium 2003-2006

 Uncertainties

* Time links (published in BIPM Circular T)
o [UTC-UTC(K)

« Key comparison in Time (published in the BIPM Key
Comparison Data Base, KCDB)
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CIRCULAR T 223 IS5SN 1143-1392
2006 AUGUST 10, ld4h WTC
BUREAL INTERWATIOMAL DES POIDS ET MESURES
ORGANIZATION INTERGOUVERMEMENTALE DE LA CONMVENTION DU METRE
PAVILLON DE BRETEUIL F-92312 SEVRES CEDEX TEL. +33 1 45 07 70 70 FAX. +33 1 45 34 20 21 taiBbipm.org

1 - Coordimated Universal Time UTC and +its Tocal realizations UTC(k). Computed values of [UTC-UTC(K]D]

gnd uncertainties valid for the pericd of thiz Circular. From 2006 Januvary 1, Oh UTC, TAI-UTE = 33 =.

Date 2005 Oh UTC JUM 28 JuL 3 JuL B JUL 13 JuL 1B JuL 23 JuL 28 rtaintys Notes

H.10 53914 5391% 53824 53929 L3034 53939 53944 %ii} LB (ij)
Laboratory & [UTE-UTE(E) ) ns
ADS  (Borowiec) L.2 9.3 3.3 6.2 10.6 7.1 9.9 1.6 5.3 5.5
APL (Laurel} 0.8 4.6 -0.7 -3.4 -4.3 3.7 15.4 1.6 5.2 5.4
AUS  (Sydney) 5290 -493.6  -490.1 -489.2 -475.2 -445.1 -437.4 3.2 6.3 7.1
BEV  (Wien) 97.9 100.7 102.9 105.2 111.4 110.5 112.1 1.6 5.2 5.4
BIRH (Beijing) -1874.4  .1893.8 -1898.2 -1913.1 -1930.8B -1946.& -1%9464.5 2.8 20.4 Z20.6
CA0  (Cagliari) -1311.8 -1311.0 -1277.8 -1245.6 -1245.1 -1222.6 - 1.6 7.2 7.4
CH (Bern) .9 31.3 36.1 2.2 259 25.1 21.5 g.8 52 5.3
CHM  (Queretara) -13.5 -9.4 -B.4 -£.0 -5.T -4.0 -3.3 5.0 20.4 21.0
CHMP (Pamama) -%216.4 -5254.% -5275.% -GR297. 4 53249 -G3RZ. 0 -53T7L.2 40 7.2 8.2
C3IR (Pretorial 65.9 1.0 -57.2 -125.3 -192.5 -263.5 -354.8 3.0 z20.1 20.3
OLR (Oberpfaffenhofen) - - - - - -
OTAG (Darmstadt) -70.8 -77.8 -78.2 -75.4 -92.5 -50.7 -358.4 3.0 10.1 10.5
HEO (Hong Kong) 133.5 1254 128.1 126.1 116.2 112.6 105.6 iz 63 7.1
IFAG (Wettzell) -27.0 -5.%  -G0Z2.B -503.1 -500.0 -451.1 -473.8 2.5 5.2 5.8 (1)
IGMA (Buenos Aires) - - - - - - -
INFL (Jerusalem) 154.9 161.2 132 .4 182.8 1338 165.0 190.4 4.0 10.1 10.%9
IT (Torino) -5.0 -5.2 -3.4 -4 8 -31.6 -2.8 -1.1 0.7 2.2 2.3
JATC (Limtong) -3.3 -3.1 -6.4 -6.2 -6.4 -10.2 -14 .3 2.6 20.9 21.1
N (Kjeller) -36%96.8  -3646.7 -3596.5 -3555.1 -3479.% 34704 -3374.5 5.0 20.0 20.&
ERIS {Dasjeon) 14 6 -5.4 -4.0 -8.2 -L.6 2.2 -0.3 1.4 6.3 6.5
LDS  (Leeds) £33l.2 53483.0 5377.0 413,99 5451.3 L4Dl. 3 55244 3.0 z20.0 20.2
LT (Vilnius) 147.0 153.3 145.7 13g.2 1492 1581.1 143.2 1.6 5.3 5.5
MIKE (Espoo) -109.1 -111.%  -127.5 -143.2 -163.6 -182.5 141.6 5.0 19.9 20.5
MiL (Lower Hutt) a5 7 3iT.s 9.4 266 34 .4 26.5 30.3 2.3 20.3 20.5
MAO (Mizusawa) 214.0 218.4 210.4 207.7 213 .4 218.2 223.1 3.1 1.8 20.0
MICT (Tokyol -8.1 -11.4 -7.6 -8.1 -L.B -5.2 -0.7 1.2 3.9 4.1
MIM (Beijing) -53.7 -50._0 -49.9 -48 .6 -45.0 -48.0 -45 .4 3.2 20.2 20.4
MIMB (Bucharest) -875.1 -BB5.2 -BE6.6 -897.3 -B9Z.B -809 & S04.7 2.5 20.0 20.1
MIMT (Banmgkok) -1149.6  -1146.4 -1143.56 -1146.8 -1144.0 -1142.3 -1147.B 1.5 20.4 20.4
MIS (Cairo) -2.4 -3.9 -2.7 -6.4 -T.7 -a8.7 -12.4 1.6 7.2 7.4

BIFM Circular T 223
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& - Time Tinks used for the computation of TAI and their uncertainties.

The time Tinks used in the elaboration of thiz Circular T are listed im thiz section. The technigue for the 1ink is
indicated as follows: GPS 5C for GP5S common-view single-chanmel CSA data; GPS MC for GPS common-wview multi-channel
C/& data; GPS P3 for BPS cormon-view multi-chamnel dual-frequency P code data; GPS GT for 'GPS time' observations;
INT LE for dinternal cable link and TWSTFT for two-way satellite time and freguency tramsfer data.

For each 1ink. the following uncertainties are provided: wa i3 the statistical uncertainty evaluated by taking into
gocount the level of phase noise im the raw data, the jmterpolation interval between data pointsz and the effects
with typical duration between 5 and 30 days. we 13 estimated uncertainty on the calibration.

for GPS eguipment calibration; TW EC for two-way equipment
Mg 'technigque'; BC (technigque) for a lirk calibrated using
through a discontinuity of link operation.

The calibration type of the link i3 indicated
calibration: LC (technigue) for & Tink cali

The calibration dates indicate: calibration results for the two laboratories in the case of EC and

Link Type ki ns =S ns Calibration Type Calibration Dates
ADS /PTE GRS MC 1.5 t.0 GPS EC /GPS EC 2003 Sep/Z2003 Aug
APL /USNO GPS MC .5 5.0 GPS EC /GPS EC 2003 Dec/Z003 Dec
AUS /NICT GPS MC 3.0 5.0 GP5S EC/GPS EC 2002 Sep/Z003 How
BEV /PTE GP5 MC .5 t.o GPS EC/GPS EC 2001 Dec/Z2003 Aug
BIRH/NICT GPS MC .5 0.0 NA /GPS EC NA 2003 How
CAD /PTE GPS MC 1.5 7.0 GPS EC/GPS EC 2004 How/2003 Aug
CH (PTE GPS P3 0.7 t.0 GPS EC/GPS EC 2004 How/Z2004 Aug
CHM (NIST GP5 5C 5.0 Z0.0 NA /GP5 EC NA F2003 Dec
CHMP/USNO GPS MC 4.0 7.0 GPS EC/GPS EC 2002 Oct/2003 Dec
CSIR/PTE GRS MC 3.0 0.0 NA /GFS EC NA /2003 Aug
OLR /PTB MNA
DTAG/PTE GPS 5C 3.0 10.0 GPS EC/GPS EC 1998 May/ /2003 Aug
HED SNICT GRS MC 3.0 £.0 GPL EC/GPS EC 2004 Apr/2003 Nov
IFAG/PTE GPS 5C 2.5 5.0 GP5S EC/GPS EC 2003 Jun/2003 Aug
IGMASUSHO MNA
INFL/PTE GPS 5C 4.0 10.0 GPS EC/GPS EC 1937 Jun/2003 Jun
IT /PTE THWSTFT 0.3 1.5 BC (TW3TFT) 2005 May
JATC/NTSC INT LK 0.2 0.0 HA HA
J¥  /PTE GPS GT 5.0 0.0 N& /GPS EC NA FE2003 Aug
ERIS/NICT GPS P3 0.7 c.0 GPS EC/GPS EC 2005 Aug/l2005 Jun

BIPM CIACULAR T 223 -6
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» Suidelines for key
Commparisons
* Mormenclature

Degrees of equivalence Dy = [U7TC - 4TC(k)] and associated expanded
uncertainty &g for the last standard dates of Circelar 7

Click on the stamp to get the corresponding graph of equivalence when available

Circular T 205

Circular T 206

Circular T 207

* Appendix B home January 2005 February 2005 March 2005

* Appendix B news Graph available Graph available Graph available
*+ Search farm Click on the Click on the Click on the

* Back to list stamp stamp stamp

Circular T 208

Circular T 209

Circular T 210

April 2005 May 2005 June 2005
* Information Graph available Graph available Graph available
* pilot / Contact Click on the Click on the Click on the
* Participants stamp stamp stamp
* Fesults
Circular T 211 Circular T 212 Circular T 213
Year 2006 July 2005 August 2005 September 2005
_ Graph available Graph available Graph available
* Erint out Click on the Click on the Click on the
stamp stamp stamp

* BIPM.KCDB@biprn.org

Circular T 214
October 2005
Graph available

Circular T 215
November 2005
Graph available

Circular T 216
December 2005
Graph available

Click on the Click on the Click on the
stamp stamp stamp j
[ {kcdb. bipm. orgf &ppendixE) appbimages) cctf-kz001 , ukc/graph_Feb0s, gif v

ﬂ [ﬁ @, & |_—f'-| (% |3 Dilsauvegarde tailaiFeli... | l__,l-l Circulaires - Microsoft Ou...l @ Report-Carmrn31-2006. ppk “@, The BIPM key compatr... @

<« [ OB o1:34
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CCTF-K2001.UTC Calculation of UTC

Degrees of equivalence: [UTC -UTC (k)] and its expanded uncertainty (Uyx =2u)
Computed values for 29 May 2006 at Oh UTC, MJD = 53884

140
120 -

100 - = oo %

[UTC - UTC (k)] (modulo 100 ns)

-100 - +

120 -
'140<\\\\\_I\E\\\\\\\\\\|_\\\\'_,\2\\\\\\\\\\\\\\\\\\\
I >0 s o 4 >0 I® J= =8 NE=S22J0730IIa>Smo< 2o O Jx W=
gm<<'-UEE%“Q&'—gmgzgéz@oimﬂ-ﬁ'mzo:l—oo S LFQO=20
zmoh z222Z2Z= r e =2z = = Zzz5H%€ 220 oo o ] L a >>5 7=
=0z = = = 4 z w =

w 0 > = s > [hd z

(SN = =)

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

SPRING Singapore
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Progress in the triennium 2003-2006

 TAIl accuracy

« 11 primary frequency standards contributing

e 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

e Optical (Sr*, Hg*, Yb*, neutral Sr) — to be submitted to
the CCTF
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Primary frequency standards

 Frequency steering

Apply a frequency correction to assure the accuracy of the
scale

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

e since 1997 corr = -1 x 10%° every two months

e since july 2004 corr,,, = -0.7 x 101> monthly
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Regular publications

e BIPM Circular T, monthly
o [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

Bureau International des Poids et Mesures




Internet (web site / ftp)
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http://www.bipm.org/jsp/en/TimeFtp.jsp

Data submission format

Bureau International des Poids et Mesures



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

Clock data format

*One file to be submitted on the 5th of the month,
clock data

clock step data

LO03E DOZ0038 -T57592.4

10036 1403825 -T56068.9% 1403837 -T1D4ES.
53554 10036 0020038 -T57569.9 1403802 0012113
53954 1003E 1403825 -T55854.9 1403837 -T10229.
5395% 10036 0020038 -T57547.5 1403802 0012169,
5355% 10036 1403825 -T55640.0 1403837 -T709374.
53%64 10036 0020038 -T57525.0 1403802 0012224
53964 10036 1403825 -T55427.0 1403837 -T0%716.
53%6% 10036 0020038 -T57500.4 1403802 00L122E1.
5396% 10036 1403825 -T552L0.6 1403837 -T709457.
53574 10036 0020038 -T57475.7 1403802 0012339
535974 10036 1403825 -T54994_.1 1403837 -T0%199.

1403810 -245380.
1403305 -258778.
14033810 -24556€7.
1403305 -258343.
1403310 -245355.
1403305 -257909.
1403310 -245043.
14033035 -257472.
1403310 -244728.
1403305 -257036.
1403310 -244413.

=1k e e] @i =]

=1 O B3 =1 L =1 LA LA e WD R

(== e 1]

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

e GPS files
e CGGTTS standard format
o Submitted weekly

e TWSTEFT files
 |TU 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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Wsdete Lewandoswti, 2002,
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