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Practical information about the BIPM Time Section

The Time Section of the BIPM issues two periodic publications. These are the monthly Circular T and
the Annual Report of the BIPM Time Section. The complete texts of Circular T and most tables of the
present Annual Report are available from BIPM website, http://www.bipm.org.

La Section du temps du BIPM produit deux publications périodiques : la Circulaire T, mensuelle, et le
Rapport annuel de la Section du temps du BIPM. Les circulaires et la plupart des tableaux de ce
rapport annuel sont disponibles par utilisation du site internet du BIPM, http.//www.bipm.org.

Address: Time Section
Bureau International des Poids et Mesures
Pavillon de Breteuil
F-92312 Sevres Cedex, France

Telephone: BIPM Switchboard: +33145077070
Telefax: BIPM Time Section: +3314507 70 59

BIPM General: + 33145342021
Internet: http://www.bipm.org

or anonymous ftp to 62.161.69 5 (subdirectory TAl)

E-mail: tai@bipm.org

Staff as of January 2006 :

Dr Elisa Felicitas ARIAS, Head,

Principal Physicist +33145077076 farias@bipm.org
Dr Zhiheng JIANG, Physicist +3314507 7034 zjiang@bipm.org
Dr Wiodzimierz LEWANDOWSKI,
Principal Physicist +33145077063 wlewandowski@bipm.org
Dr Gérard PETIT,
Principal Physicist +3314507 7067 gpetit@bipm.org
Dr Peter WOLF, Physicist +33145077075 pwolf@bipm.org
Miss Hawai KONATE, Technician +33145077072 hkonate@bipm.org

Mr Laurent TISSERAND, Technician +3314507 7045 Itisserand@bipm.org



Electronic access to the BIPM Time Section files

A large number of files from the BIPM Time Section are available from the website.

(http://www.bipm.org/en/scientific/tai/time_ftp.html)

The files are found in the four subdirectories data, publication, scale and links.
Data, publication and scale are available by ftp (62.161.69.5 or ftp2.bipm.org, user anonymous,

e-mail address as password, cd pub/tai).

Links is available by ftp (62.161.69.131 or tai.bipm.org, user anonymous, e-mail address as

password, cd TimeLink/LkC).

Data- all data used for the computation of TAl, arranged in yearly directories, starting May 1999.

See readme.txt for details.

Publication- the latest issues of the Time Section

In the following directories XY represents the last two digits of the year number (19XY or 20XY);
ZT equals to 01 for Jan., 02 for Feb. ....12 for Dec.; XX, XXX are ordinal numbers; results of the
computation of TAI over the two-month interval Z of the year ( Z =1 for Jan.-Feb., 2 for Mar.- Apr.,

etc...) until Nov.-Dec. 1997.

publications

Acronyms of laboratories

Leap seconds

Circular T

Fractional frequency of EAL from primary frequency standards
Weights of clocks participating in the computation of TAI

Rates relative to TAI of clocks participating in the computation of TAI

Values of the differences between TAI and the local atomic scale of
the given laboratory, including relevant notes

Values of the differences between UTC and its local representation
by the given laboratory, including relevant notes

Values of the differences between TAl and UTC and the respective
local scales, evaluated for two-month periods until the end of 1997

[UTC(lab1) - UTC(lab2)] obtained by the TWSTFT link, as published
in the BIPM TWSTFT reports

BIPM Two-Way Satellite Time and Frequency Transfer Reports
(until February 2003)

Most recent schedules for common-view observations of GPS and

GLONASS satellites

filename
acronyms.pdf
leaptab.txt
cirt. XXX
etXY.ZT
wXY.ZT
rXY.ZT

TAI - lab

UTC - lab

TAIXYZ

lab1 - lab2.tw

twstftXX. pdf

schgps. XX

schglo. XX

Older files can be accessed directly from the ftp site (62.161.69.5 or ftp2.bipm.org).



Scale- time scales data

Content

Time Dissemination Services

Time Signals

Rates of clocks contributing to TAI

Weights of clocks contributing to TAI

TT(BIPMXY) computed in the year 19XY or 20XY

Starting 1993:

Difference between the normalized frequencies of EAL and TAl
TAI frequency

Measurements of the duration of the TAl scale interval

Mean duration of TAI scale interval

Mean fractional deviation of the TAI scale interval from that of TT
duration of TAIl scale interval

[TAl - GPS time] and [UTC - GPS time]

(until March 2003)

[TAl - GLONASS time] and [UTC - GLONASS time]
(until March 2003)

[TAIl - GPS time] and [UTC - GPS time],

[TAl - GLONASS time] and [UTC - GLONASS time]
(starting April 2003)

Local representations of UTC: Values of [UTC - UTC(lab)]

Independent local atomic time scales: values of [TA/ - TA(/ab)]

Until 1992:
Local representations of UTC: Values of [UTC - UTC(lab)]

Local values of [TAl - TA(lab)]

filename
TIMESERVICES.DOC
TIMESIGNALS.DOC
RTAIXY .ar
WTAIXY .ar

TTBIPM.XY

EALTAIXY .ar
FTAIXY.ar (for 1993,1994)
UTAIXY.ar (starting 1995)

SITAIXY .ar (1993-1999)

SITAIXY .ar (starting 2000)

UTCGPSXY.ar

UTCGLOXY .ar

UTCGPSGLOXY .ar

UTCXY.ar (1993-1998)

TAIXY.ar (1993-1998)

uTC.xXY
TAXY

Links — Results of link comparison, arranged in yearly directories, starting January 2005.

See readme.txt for details.

Starting with the BIPM Time Section Annual Report for 1999, some tables traditionally
included in the printed version are only available in electronic form.

For any comment or query send a message to: tai@bipm.org



Leap seconds
Secondes intercalaires

Since 1 January 1988, the maintenance of International Atomic Time, TAl, and of Coordinated
Universal Time, UTC (with the exception of decisions and announcements concerning leap seconds of
UTC) has been the responsibility of the International Bureau of Weights and Measures (BIPM) under
the authority of the International Committee for Weights and Measures (CIPM). The dates of leap
seconds of UTC are decided and announced by the International Earth Rotation and Reference
Systems Service (IERS), which is responsible for the determination of Earth rotation parameters and
the maintenance of the related celestial and terrestrial reference systems. The adjustments of UTC
and the relationship between TAl and UTC are given in Tables 1 and 2 of this volume.

Depuis le 1°" janvier 1988, [l'établissement du Temps atomique international, TAl, et du Temps
universel coordonné, UTC, (a I'exception de I'annonce des secondes intercalaires de I'UTC) est placé
sous la responsabilité du Bureau international des poids et mesures (BIPM) et du Comité international
des poids et mesures (CIPM). Le choix des dates et 'annonce des secondes intercalaires de I'UTC
constituent quelques-unes des missions du Service international de la rotation terrestre et des
systémes de référence (IERS), qui est responsable de la détermination des paramétres de la rotation
terrestre et de la conservation des systemes de référence terrestre et céleste associés. Les
ajustements de I'UTC et la relation entre le TAl et 'UTC sont donnés dans les tableaux 1 et 2 de ce
volume.

Further information about leap seconds can be obtained from the IERS:!

Des renseignements sur les secondes intercalaires peuvent étre obtenus aupres de I''ERS a
l'adresse suivante :

IERS Earth Orientation Product Centre
Dr Daniel GAMBIS

Observatoire de Paris

61, avenue de I'Observatoire

75014 Paris, France

Telephone: + 33 1 40 51 22 26

Telefax: + 33 140 51 22 91

iers@obspm.fr

http://hpiers.obspm.fr

Anonymous ftp: hpiers.obspm.fr or 145.238.100.28



Establishment of International Atomic Time
and of Coordinated Universal Time

1. Data and computation

International Atomic Time (TAl) and Coordinated Universal Time (UTC) are obtained from a
combination of data from some 300 atomic clocks kept by about 65 laboratories spread worldwide.
The data are regularly reported to the BIPM by about 55 timing centres which maintain a local UTC,
UTC(k) (see Table 3). The data are in the form of time differences [UTC(k) - Clock] taken at 5 day
intervals at Oh UTC for Modified Julian Dates (MJD) ending in 4 and 9, at Oh UTC ; these dates are
referred here as 'standard dates'. The equipment maintained by the timing centres is detailed in
Table 4.

An iterative algorithm produces a free atomic time scale, EAL (Echelle Atomique Libre), defined as a
weighted average of clock readings. The processing is carried out and subsequently treats one month
blocks of data [1], [2] (two-month blocks were used before 1998). The weighting procedure and clock
frequency prediction are chosen so that EAL is optimized for long-term stability. No attempt is made to
ensure the conformity of the EAL scale interval with the second of the International System of Units.

2. Accuracy

The duration of the scale interval of EAL is evaluated by comparison with the data of primary caesium
standards, correcting their proper frequency as needed to account for known effects (e.g. general
relativity, blackbody radiation). TAl is then derived from EAL by adding a linear function of time with a
convenient slope to ensure the accuracy of the TAIl scale interval. The frequency offset between TAI
and EAL is changed when necessary to maintain accuracy, the magnitude of the changes being of the
same order as the frequency fluctuations resulting from the instability of EAL. This operation is
referred to as the 'steering of TAI'. Table 5 gives the normalized frequency offsets between EAL and
TAl. Measurements of the duration of the TAIl scale interval and estimates of its mean duration are
reported in Tables 6 and 7.

3. Availability

TAl and UTC are made available in the form of time differences with respect to the local time scales
UTC(k), which approximate UTC, and TA(k), the independent local atomic time scales. These
differences, [TAIl - TA(k)] and [UTC - UTC(k)), are computed for the standard dates and are available
from the BIPM website (see p.5 of this volume).

The computation of TAl is carried out every month and the results are published monthly in Circular T.
When preparing the Annual Report, the results shown in Circular T may be revised taking into account
any subsequent improvements made to the data.

4. Time links

The BIPM organizes the international network of time links, which takes the form of local stars within a
continent, joined by long-distance links (see Figure).

In 2005, the network of time links used by the BIPM was non-redundant and relied on observation of
GPS satellites in common views and on two way satellite time and frequency transfer (TWSTFT). Most
time links are based on GPS satellite common views. Data from multi-channel dual-frequency GPS
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geodetic type receivers is regularly used in the calculation of time links, in addition to that acquired by
the traditional single-frequency (single or multi-channel) GPS time receivers. For those links
performed with more than one technique, one of them is considered as official for TAl and the others
are calculated as a back-up. GPS links in TAl with single-frequency receivers are corrected using the
ionospheric maps produced by the International GNSS Service (IGS); all GPS links are corrected
using the IGS precise operational satellite ephemerides. The uncertainty of [UTC(k1) - UTC(k2)],
obtained at the BIPM with these procedures is given in Circular T, section 6. The BIPM also publishes
an evaluation of [UTC - GPS time] which is accessible via the BIPM website.

The BIPM regularly publishes an evaluation of [UTC - GLONASS time], also available from the BIPM
website, using current observations of the GLONASS system at the Astrogeodynamical Observatory
(AOS), Poland.

International GPS tracking schedules are published by the BIPM about every six months, and tracking
schedules for GLONASS are also established. The list of the schedules is reported in this volume and
their content is available from the website (see p. 5 of this volume).

5. Time scales established in retrospect

For the most demanding applications, such as millisecond pulsar timing, the BIPM issues atomic time
scales in retrospect. These are designated TT(BIPMxx) where 19xx or 20xx is the year of computation
[3]. The successive versions of TT(BIPMxx) are both updates and revisions: they may differ for
common dates. These time scales are available on request from the BIPM or via website (see p. 5 of
this volume).

Notes

Tables 8 and 9 of this report give the rates relative to TAl and the weights of the clocks contributing to
TAl in 2005

The yellow pages, at the end of this volume, give indications about time signal emissions and time
dissemination services.

The report of the BIPM Time Section for the period July 2004-June 2005, published in the Director’s
Report on the Activity and Management of the BIPM, 2005, 6 is reproduced after the yellow pages. All
the publications mentioned in this report are available on request from the BIPM.

References

[1] C. Thomas and J. Azoubib, TAI computation: study of an alternative choice for implementing an
upper limit of clock weights, Metrologia, 1996, 33, 227-240.

[2] J. Azoubib, A revised way of fixing an upper limit to clock weights in TAlI computation, Report to the
15th meeting of the CCTF, available on request.

[3] B. Guinot, Atomic time scales for pulsar studies and other demanding applications, Astron
Astrophys., 1988, 192, 370-373.
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Etablissement du Temps atomique international
et du Temps universel coordonné

1. Données et mode de calcul

Le Temps atomique international (TAl) et le Temps universel coordonné (UTC) sont obtenus par une
combinaison de données provenant de quelque 300 horloges atomiques conservées par environ
65 laboratoires répartis dans le monde entier, et fournies réguliérement au BIPM par environ
55 laboratoires de temps qui maintiennent un UTC local, UTC(k) (liste donnée dans le tableau 3). Ces
données prennent la forme de différences de temps [UTC(k) - Horloge] enregistrées de 5 jours en
5 jours pour les dates juliennes modifiées (MJD) se terminant par 4 et 9, @ OhUTC, 'dates normales'.
L'équipement maintenu par ces laboratoires de temps est décrit dans le tableau 4.

Un algorithme itératif qui traite en temps différé des blocs de 1 mois de données [1], [2] produit une
echelle atomique libre, EAL, définie comme étant une moyenne pondérée de lectures d'horloges
(jusqu'en 1997 des blocs de deux mois étaient utilisés). Le choix de la pondération et du mode de
prediction de fréquence optimise la stabilité de I'EAL a long terme. Il n'est pas tenté d'assurer la
conformité de l'intervalle unitaire de I'EAL avec la seconde du Systéme international d'unités.

2. Exactitude

La durée de lintervalle unitaire de I'EAL est évaluée par comparaison aux données d'étalons de
fréquence a césium primaires, aprés correction de leur propre fréquence pour tenir compte des effets
connus (par exemple relativité générale, rayonnement du corps noir). Ensuite le TAl se déduit de
I'EAL par I'addition d'une fonction linéaire du temps dont la pente est convenablement choisie pour
assurer l'exactitude de l'intervalle unitaire du TAl. Le décalage de fréquence entre le TAl et I'EAL est
changé quand c'est nécessaire pour maintenir 'exactitude, les changements ayant le méme ordre de
grandeur que les fluctuations de fréquence qui résultent de l'instabilité de I'EAL. Cette opération est
désignée par l'expression 'pilotage du TAI' Le tableau 5 donne les différences de fréquences
normalisées entre I'EAL et le TAl. Des mesures de la durée de lintervalle unitaire du TAl et des
estimations de sa durée moyenne sont données dans les tableaux 6 et 7.

3. Disponibilité

Le TAl et I'UTC sont disponibles sous forme de différences de temps avec les échelles locales de
temps UTC(k), approximation de I'UTC, et TA(k), temps atomique local indépendant. Ces différences,
[TAI - TA(K)] et [UTC - UTC(k)], calculées pour les dates normales sont disponibles sur le site Internet

du BIPM.

Le calcul du TAI est fait tous les mois et les résultats sont publiés mensuellement dans la Circulaire T
du BIPM. Quand le Rapport annuel est préparé, les résultats de la Circulaire T peuvent étre revises,
en tenant compte des améliorations de données connues aprés la publication de la Circulaire T.

4. Liaisons horaires

Le BIPM organise le réseau international de comparaisons horaires selon un schéma en étoile au
niveau des continents, et en liaisons a longue distance. En 2005, le systeme des liaisons horaires
utilisé par le BIPM était non-redondant et reposait sur l'observation des satellites du GPS en vues
simultanées et sur la technique d'aller et retour sur satellite de télécommunications (TWSTFT).
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La plupart des liaisons se fait par vues simultanées des satellites du GPS. Des données acquises
avec des récepteurs GPS de type géodésique, multi-canaux et bi-fréquence sont utilisées
régulierement dans le calcul des liaisons horaires, en addition a celles avec des récepteurs
monofréquence traditionnels (mono et multi-canaux). Dans les cas ot plusieurs techniques participent
a une liaison horaire, une d'entre elles est considérée comme étant officielle, et les autres sont
calculées pour sauvegarde. Les liaisons par GPS mono-fréquence sont corrigées a l'aide des cartes
ionosphériques produites par I'lGS ; toutes les liaisons par GPS sont corrigées en utilisant des
éphémerides précises et opérationnelles des satellites produites par I''GS . L’incertitude de

[UTC(k1) - UTC(kp)] est publiée dans la Circulaire T, section 6. Le BIPM publie aussi une évaluation
de [UTC - temps du GPS] dont les valeurs sont disponibles sur le réseau internet.

Le BIPM publie régulierement une évaluation de [UTC - temps du GLONASS], accessible par
anonymous ftp and sur le site web du BIPM et déduite des observations habituelles du systéeme
GLONASS, réalisées au Astrogeodynamical Observatory (AOS), Pologne.

Le BIPM publie tous les six mois des programmes de poursuite des satellites du GPS, ainsi que des
programmes pour les satellites du GLONASS. La liste de ces programmes est reproduite dans ce
rapport et leur contenu est disponible sur le réseau internet.

5. Echelles de temps établies rétrospectivement

Pour les applications les plus exigeantes, comme le chronométrage des pulsars milliseconde, le BIPM
produit des échelles de temps rétrospectivement, désignées par TT(BIPMxx), 19xx ou 20xx étant
I'année du calcul [3]. Les versions successives de TT(BIPMxx) ne sont pas seulement des mises a
jour, mais aussi des révisions, de sorte qu'elles peuvent différer pour les dates communes. Ces
échelles de temps sont disponibles sur demande faite au BIPM ou par utilisation du réseau internet.

Notes

Les tableaux 8 et 9 de ce rapport donnent les fréquences relatives au TAl et les poids des horloges
qui ont contribué au calcul en 2005.
Les pages jaunes, & la fin de ce volume, concernent les émissions de signaux horaires.

Le rapport (juillet 2004 - juin 2005) de la section du temps du BIPM publié dans le Rapport du
directeur sur I'activité et la gestion du Bureau international des poids et mesures (BIPM), 2005, 6, est
reproduit aprés les pages jaunes. Toutes les publications qui y sont mentionnées sont disponibles sur
demande au BIPM.

Les références sont données dans le texte anglais, page 9.
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Table 1. Relative frequency offsets and step adjustments of UTC,
up to 31 December 2006

Date Offsets Steps/s
(at Oh UTC)
1961 Jan. 1 -150x107%
1961 Aug. 1 ! +0.050
1962 Jan. 1 -130x107%
1963 Nov. 1 " -0.100
1964 Jan. 1 -150x107%
1964 Apr. 1 ! -0.100
1964 Sep. 1 % -0.100
1965 Jan. 1 ’ -0.100
1965 Mar. 1 ! -0.100
1965 Jul. 1 -0.100
1965 Sep. 1 ! -0.100
1966 Jan. 1 -300x107%
1968 Feb. 1 ! +0.100
1972 Jan. 1 0 -0.107 7580
1972 Jul. 1 ! -1
1973 Jan. 1 -1
1974 Jan. 1 -1
1975 Jan. 1 -1
1976 Jan. 1 4 -1
1977 Jan. 1 ; -1
1978 Jan. 1 -1
1979 Jan. 1 -1
1980 Jan. 1 -1
1981 Jul. 1 " -1
1982 Jul. 1 . -1
1983 Jul. 1 i -1
1985 Jul. 1 -1
1988 Jan. 1 -1
1990 Jan. 1 -1
1991 Jan. 1 -1
1992 Jul. 1 " -1
1993 Jul. 1 " -1
1994 Jul. 1 ' -1
1996 Jan. 1 -1
1997 Jul. 1 : -1
1999 Jan. 1 ' -1
2006 Jan. 1 ’ -1
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Table 2. Relationship between TAl and UTC, up to 31 December 2006

Limits of validity (at Oh UTC)

1961
1961
1962
1963
1964
1964
1964
1965
1965
1965
1965
1966
1968
1972
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1985
1988
1990
1991
1992
1993
1994
1996
1997
1999
2006

Jan.
Aug.
Jan.
Nov.
Jan.
Apr.
Sep.
Jan.
Mar.
Jul.
Sep.
Jan.
Feb.
Jan.
Jul.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jan.
Jul.
Jut.
Jul.
Jul.
Jan.
Jan.
Jan.
Jul.
Jul.
Jul.
Jan.
Jul.
Jan.
Jan.

T S T L S B T T o T S S S S S e N

1 -
1 -
1-

- 1961 Aug.
- 1962 Jan.
- 1963 Nov.
- 1964 Jan.
- 1964 Apr.
- 1964 Sep.
- 1965 Jan.
- 1965 Mar.
- 1965 Jul.
- 1965 Sep.
- 1966 Jan.
- 1968 Feb.
- 1972 Jan.
- 1972 Jul.
- 1973 Jan.
- 1974 Jan.
- 1975 Jan.
- 1976 Jan.
- 1977 Jan.
- 1978 Jan.
- 1979 Jan.
- 1980 Jan.
- 1981 Jul.
- 1982 Jul.
- 1983 Jul.
- 1985 Jul.
- 1988 Jan.
- 1990 Jan.
- 1991 Jan.
- 1992 Jul.
- 1993 Jul.
- 1994 Jul.
- 1996 Jan.
- 1997 Jul.
1999 Jan.
2006 Jan.

L S S S S S S S T T T R T T S O T S N o T e O S S S S S S N T i

[TAI-UTC]/ s

1.422 8180 + (MJD - 37300) x 0.001 296

1.372 8180

1
1

W Www W W ww

WWWWRMNRNRMNRNNRNRNRN R D R e
AR LC SO TN ELOUNRSOOLINCTEWN = O

.845
.945
.240
.340
.440
.540
.640
.740
.840
.313
.213

+

8580
8580
1300
1300
1300
1300
1300
1300 +
1300 +
1700 + (MJD - 39126) x 0.002 592
1700 + " "
(integral number of seconds)

(MJD - 37665) x 0.001 1232

(MJD - 38761) x 0.001 296

+ 4+ + + + 4+ 4+
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Table 3. Acronyms and locations of the timing centres which maintain a local
approximation of UTC, UTC(k), and/or an independent local time scale, TA(k)

AOS Astrogeodynamical Observatory, Space Research Centre P.A.S.
Borowiec, Poland

APL Applied Physics Laboratory, Laurel, Maryland, USA

AUS Consortium of laboratories in Australia

BEV Bundesamt fir Eich- und Vermessungswesen, Vienna, Austria

BIRM Beijing Institute of Radio Metrology and Measurement,
Beijing, P. R. China

CAO Stazione Astronomica di Cagliari (Cagliari Astronomical Observatory)
Cagliari, italy

CH Swiss Federal Office of Metrology (METAS) , Bern-Wabern, Switzerland

CNM Centro Nacional de Metrologia, Querétaro, Mexico (CENAM)

CNMP Centro Nacional de Metrologia, de Panama, Panama

CSIR Council for Scientific and Industrial Research, Pretoria, South Africa

DLR Deutsche Zentrum fiir Luft- und Raumfahrt (German Aerospace Centre)

Oberpfaffenhofen, Germany
DTAG Deutsche Telekom AG, Darmstadt, Germany

F Commission Nationale de I'Heure, Paris, France

GUM Gtéwny Urzad Miar (Central Office of Measures), Warsaw, Poland

HKO Hong Kong Observatory, Hong Kong, China

IEN (1) Istituto Elettrotecnico Nazionale Galileo Ferraris, Turin, ltaly

IFAG Bundesamt fiir Kartographie und Geodasie (Federal Agency for Cartography and Geodesy),
Fundamental station, Wettzell, Kétzting, Germany

IGMA Instituto Geografico Militar, Buenos Aires, Argentina

INPL National Physical Laboratory, Jerusalem, Israel

JATC Joint Atomic Time Commission, Lintong, P.R. China

JV Justervesenet, Norwegian Metrology and Accreditation Service, Kjeller, Norway

KRIS Korea Research Institute of Standards and Science, Daejeon, Rep. of Korea

LDS University of Leeds, Leeds, United Kingdom

LT Lithuanian National Metrology Institute, Vilnius, Lithuania

MSL Measurement Standards Laboratory, Lower Hutt, New Zealand

NAO National Astronomical Observatory, Misuzawa, Japan

NICT National Institute of Information and Communications Technology, Tokyo, Japan

NIM National Institute of Metrology, Beijing, P.R. China

NIMB National Institute of Metrology, Bucharest, Romania

NIMT National Institute of Metrology, Bangkok, Thailand

NIS National Institute for Standards, Cairo Egypt

NIST National Institute of Standards and Technology, Boulder, Colo., USA

NMC National Centre of Metrology, Sofiya, Bulgary

NMIJ National Metrology Institute of Japan, Tsukuba, Japan

NML National Measurement Laboratory, Sydney, Australia

NMLS National Metrology Laboratory of SIRIM Berhad, Shah Alam, Malaysia

(1) Change to INRIM (Istituto Nazionale di Ricerca Metrologica) with acronym IT
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Table 3. Acronyms and locations of the timing centres which maintain a local
approximation of UTC, UTC(k), and/or an independent local time scale,
TA(k) (Cont.)

NPL National Physical Laboratory, Teddington, United Kingdom
NPLI National Physical Laboratory, New Delhi, India
NRC National Research Council of Canada, Ottawa, Canada
NTSC National Time Service Center of China, Lintong, P.R. China
OMH Orszagos Mérésigyi Hivatal (National Office of Measures), Budapest, Hungary
ONBA Observatorio Naval, Buenos Aires, Argentina
ONRJ Observatério Nacional, Rio de Janeiro, Brazil
OP Observatoire de Paris (Paris Observatory), Paris, France
ORB Observatoire Royal de Belgique (Royal Observatory of Belgium), Brussels, Belgium
PL Consortium of laboratories in Poland
PTB Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
ROA Real Instituto y Observatorio de la Armada, San Fernando, Spain
SCL Standards and Calibration Laboratory, Hong Kong
SG Standards, Productivity and Innovation Board, Singapore (SPRING)
SMU Slovensky metrologicky ustav (Slovak Institute of Metrology), Bratislava, Slovakia
SP Sveriges Provnings- och Forskningsinstitut (Swedish National Testing
and Research Institute), Boras, Sweden
SuU Institute of Metrology for Time and Space (IMVP), NPO "VNIIFTRI"
Mendeleevo, Moscow Region, Russia
TCC TIGO Concepcion Chile, Chile
TL Telecommunication Laboratories, Chung-Li, Taiwan
TP Institute of Radio Engineering and Electronics, Academy of Sciences
of the Czech Republic, Prague, Czech Republic
UME Ulusai Metroloji Enstitusl, Marmara Research Center,

(National Metrology Institute), Gebze Kocaeli, Turkey
USNO U.S. Naval Observatory, Washington D.C., USA
VSL NMi Van Swinden Laboratorium, Delft, the Nederlands
ZMDM Bureau of Measures and Precious Metals, Belgrade, Serbia and Montenegro

Note: Most of the timing centres in the table can be accessed through the BIPM website,
at “Useful links”.
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Table 4. Equipment and source of UTC(k) of the laboratories contributing to TAl in 2005

Ind. Cs : Industrial caesium standard
Ind. Rb : Industrial rubidium standard
Lab. Cs: Laboratory caesium standard
H-maser : Hydrogen maser

SF:
DF :

single frequency receiver
dual frequency receiver

* means 'yes'

Time Links
, GPS ? | &
Lab k Equipment Source of UTC(k) (1) TA(K) . <
LL L O o
0N ) = 2
@) [
AOS 11Ind. Cs 1 Cs + microphase-stepper N *
APL 31Ind. Cs 1 Cs + microphase-stepper p
3 H-masers
AUS 111Ind. Cs 1Cs
4 H-masers * * *
1 Linear lon Trap Standard (2)
BEV 31Ind. Cs 1Cs N
2 Ind. Rb
BIRM (a) 2Ind. Cs 1Cs * «
3 H-masers
CAO(a) | 2Ind.Cs 1Cs (;)
CH 4Ind.Cs (4 all the Cs
1 H-maser 1 H-maser * * *
CNM 31Ind. Cs 1Cs %
1 H-maser
CNMP 21nd. Cs 1Cs *
CSIR 21Ind. Cs 1Cs * *
DLR 2 1Ind. Cs 1Cs
4 H-masers *
DTAG 31Ind. Cs 1Cs *
HKO 21ind. Cs 1Cs *
IEN 41Ind. Cs 1 Cs + microphase-stepper
2 H-masers * * * * *
1 Lab.Cs
IFAG 51Ind. Cs 1 Cs + microphase-stepper
3 H-masers * *
IGMA (a) 3Ind. Cs 1 Cs + microphase-stepper *
INPL 2 Ind. Cs 1Cs *
9Ind. Cs () 1 H-maser * N * * *
UATC 4 H-masers + microphase-stepper
JV (a) 4 Ind. Cs 1Cs ®)
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Table 4. Equipment and source of UTC(k) of the laboratories contributing to TAl in 2005. (Cont.)

ind. Cs : Industrial caesium standard
Ind. Rb : Industrial rubidium standard
Lab. Cs: Laboratory caesium standard
H-maser : Hydrogen maser

SF: single frequency receiver

DF . dual frequency receiver

* means 'yes'

Time Links
_ GPS 6| &
Lab k Equipment Source of UTC(k) (1) TA(K) & <
L Lo o) o
w 0 e 2
0] =
KRIS 51Ind. Cs 1 H-maser
3 H-masers + microphase-stepper * * . * *
LDS 11Ind. Cs 1Cs * *
LT 11Ind. Cs 1Cs *
MIKE 21ind. Cs 1 H-maser * & %
2 H-masers + microphase-stepper
MSL 3Ind. Cs 1Cs * * *
NAO 41Ind. Cs 1 Cs + microphase-stepper N
1 H-maser
NICT 24 Ind. Cs 18 Cs
4 H-masers * * * *
1 Lab. Cs
NIM 3Ind. Cs 1 Cs + microphase-stepper *
NIMB 21Ind. Cs 1Cs *
NIMT 11Ind. Cs 1Cs * *
NIS 31Ind. Cs 1Cs * = *
NIST 51Ind. Cs 4Cs
1 Lab. Cs 5 H-masers * " ,, . "
6 H-masers
NMC 11Ind. Cs 1Cs *
NMIJ 41nd. Cs 1 Cs + microphase-stepper
1 Lab. Cs * » *
2 H-masers
NMLS 51Ind. Cs 1Cs * *
NPL 21Ind. Cs 1 H-maser
3 H-masers * * *
NPLI 31Ind. Cs 1Cs * *
NRC 21Ind. Cs 1 Lab. Cs
2 Lab. Cs + microphase-stepper > . » *
3 H-masers
14 Ind. Cs 1 H-maser * * * * *
NG 4 H-masers + microphase-stepper
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Table 4. Equipment and source of UTC(k) of the laboratories contributing to TAl in 2005 (Cont.)

Ind. Cs : Industrial caesium standard
Ind. Rb : Industrial rubidium standard
Lab. Cs : Laboratory caesium standard
H-maser : Hydrogen maser

SF . single frequency receiver
DF : dual frequency receiver
* means 'yes'
Time Links
. GPS )
Lab k Equipment Source of UTC(k) (1) TA(k) 5 <
L L ®) 6
(%) (@) e 2
) =
OMH 11Ind. Cs 1Cs *
ONBA 11nd. Cs 1Cs *
ONRJ 31Ind. Cs 1Cs *
OP 7 ind. Cs 1 Cs + microphase-stepper N
3 Lab. Cs e o o
4 H-masers
ORB 31Ind. Cs 1 H-maser
3 H-masers *
PL 91Ind. Cs 1 Cs + microphase-stepper * *
2 H-masers ®) (9
PTB 31Ind. Cs 1 Lab. Cs
4 Lab. Cs (10) * 2 i
3 H-masers (11)
ROA 51Ind. Cs M N
1 H-maser all the Cs
SCL 2Ind. Cs 1 Cs + microphase-stepper "
SG 31Ind. Cs 1 Cs + microphase-stepper *
SMU 1Ind. Cs 1Cs %
+ output frequency steering
SP 91Ind. Cs (12) 1 Cs + microphase-stepper
4 H-masers *
SuU 1 Lab. Cs 4-6 H-masers 4 . % *
10 H-masers (13)
TCC 31Ind. Cs 1 Cs + microphase-stepper *
TL 91Ind. Cs 1 H-maser " " &
2 H-masers + microphase-stepper
TP 41Ind. Cs 1Cs
+ output frequency steering * *
UME 3Ind. Cs 1Cs *
USNO 72 Ind. Cs 1 H-maser + frequency
21 H-masers synthesizer steered to (14) * . " e
UTC(USNO)  (14)
VSL 41Ind. Cs 1 Cs + microphase-stepper " i *
(15)




Notes

(1)

(@)

(9)

AUS

CAO
CH

JATC

JV
OP

PL

PL
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When several clocks are indicated as source of UTC(k), laboratory k computes a software
clock, steered to UTC. Often a physical realization of UTC(k) is obtained using a Cs clock and
a micro-phase-stepper.

Some of the standards are located as follows (at the end of 2005):

* National Measurement Institute (NMIA, Sydney) 4 Cs, 2 H-masers

Australian laboratories intercompared by GPS are:

* National Measurement Institute, Melbourne branch 1Cs
(NMIA, Melbourne)

* Telstra Corporation Ltd (Melbourne) 3Cs

* Geoscience Australia, Yarragadee Observatory 1Cs
(Yarragadee, Western Australia)

* Canberra Deep Space Communication Complex 1 Cs, 2 H-masers
(CDSCC, Canberra) 1 Linear lon Trap

Standard (LITS)
From Feb 2005 the gps receiver used is a multichannel TTS-2.

All the standards are located in Bern at METAS (METrology and Accreditation Switzerland,
situation at the end of 2005).

The standards are located at National Time Service Center, (NTSC).
The link between UTC(JATC) and UTC(NTSC) is obtained by internal connection

GPS single frequency reception, all satellites in view

The French atomic time scale TA(F) is computed by the LNE-SYRTE
with data from 25 industrial caesium clocks located as follows (at the

end of 2005) :

* Centre Electronique de 'Armement (CELAR, Rennes) 1Cs
* Centre National d'Etudes Spatiales (CNES, Toulouse) 3Cs
* France Telecom Recherche et Developpement (Lannion) 3Cs
* Agilent Technologies France (Massy) 2Cs
* Observatoire de la Cote d'Azur (OCA, Grasse) 2Cs
* Observatoire de Paris (LNE-SYRTE, Paris) 7Cs
* Observatoire de Besangon (OB, Besangon) 3Cs
* Direction des Constructions Navales (DCN, Brest) 3Cs
* Tekelec (Les Ulis) 1Cs

All laboratories are linked via GPS receivers.
The Polish official scale UTC(PL) is maintained by the GUM.

The Polish atomic time scale TA(PL) is computed by the AOS and
GUM with data from 10 caesium clocks and 2 hydrogen masers
located as follows:

* Central Office of Measures (GUM, Warsaw) 3 Cs, 1 H-maser
* Astrogeodynamical Observatory, Space Research Center P.A.S. 1Cs
(AOS, Borowiec)
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Notes (Cont.)

* National Institute of Telecommunications (I, Warsaw) 2Cs

* Research & Development Centre of the Polish Telecom 2Cs
(CBR, Warsaw)

* 1st Specialized Metrology Center of Polish Air Forces 1 H-maser
(150M, Warsaw)

* Military Primary Standards Laboratory (COMW, Zielonka) 1Cs

* Time and Frequency Standard Laboratory of the Semiconductor 1Cs

Physics Institute, a guest laboratory from Lithuania
(LT, Vilnius, Lithuania)

All laboratories are linked via MC GPS-CV receivers.

(10) PTB The laboratory Cs, PTB CS1, PTB CS2 and PTB CS3, are operated continuously as clocks.
The uncertainty of PTB CS3 is no longer evaluated, so that PTB CS3 is no longer a primary
clock. PTB CSF1 is a fountain frequency standard using laser cooled caesium atoms. It is
intermittently operated as a frequency standard. Contributions to TAI are made through
comparisons with one of PTB's hydrogen masers.

Until further notice, TA(PTB) and UTC(PTB) are derived from PTB CS2, TA(PTB) directly,
UTC(PTB) including steering.

(11) PTB TA(PTB)-UTC(PTB) and the frequency steering applied to UTC(PTB) are published in PTB
Time Service Bulletin.

(12) SP The standards are located as follows (at the end of 2005):

* Swedish National Testing and Research Institute (SP, Boras) 4 Cs, 1 H-maser
* STUPI AB (Stockholm) 4 Cs, 2 H-masers
* Pendulum Instruments AB (Stockholm) 1Cs

* Onsala Space Observatory (Onsala) 1 H-maser

(13) Su TA(SU)-UTC(SU) = 29.172 759 000 s from MJD 53004 to 53368,
TA(SU)-UTC(SU) = 29.172 758 840 s from MJD 53369.

(14) USNO The time scales A.1(MEAN) and UTC(USNOQ) are computed by USNO. They are determined
by a weighted average of Cs clocks and H-masers located at the USNO. A.1(MEAN) is a free
atomic time scale, while UTC(USNO) is steered to UTC. Included in the total number of
USNO atomic standards are the clocks located at the USNO Alternate Master Clock in
Colorado Springs, CO.

(15) VSL GPS dual frequency results from geodetic Topcon 40 channel receiver, but not in CGGTTS
format.

(a) Information based on the Annual Report for 2004, not confirmed by the laboratory.
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Table 5. Differences between the normalized frequencies of EAL and

TAl, up to May 2006

(File available on http://www.bipm.org under the name EALTAI05.AR, which
contains values since the beginning of the steering)

1996 Apr 26 -
1996 Jun 30 -
1996 Aug 29 -
1996 Oct 28 -
1996 Dec 27 -
1997 Feb 25 -
1997 Apr 26 -
Jun 30 -
Aug 29 -
Oct 28 -
Dec 27 -
Jan 31 -
Feb 25 -
Mar 27 -
Feb 25 -
Dec 27 -
May 30 -
Sep 27 -
Nov 26 -
Jan 30 -
Apr 30 -
jul 29 -
Sep 27 -
Nov 26 -
Jan 30 -
Mar 31 -
Jun 30 -
Jul 29 -
Sep 27 -
Nov 26 -
Jan 30 -
Mar 31 -
May 30 -
Sep 27 -
Nov 26 -
Jan 30 -
Mar 30 -
May 29 -
Jun 28 -
Jul 28 -
Dec 30 -
Feb 28 -
Mar 30 -
Apr 29 -

1997
1997
1997
1997
1998
1998
1998
1999
1999
2000
2000
2000
2001
2001
2001
2001
2001
2002
2002
2002
2002
2002
2002
2003
2003
2003
2003
2003
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005

May 29

2005
2005
2005
2005
2006
2006
2006

As the time
seconds (see

same intentional frequency adjustment as TAI.

Jun 28 -
Jul 28 -
2005 Aug 27 -
Sep 26 -
Oct 31 -
Nov 30 -
Dec 30 -
Jan 29 -
Feb 28 -
Mar 30 -
2006 Apr 29 -

Date

1996 Jun 30
1996 Aug 29
1996 Oct 28
1996 Dec 27
1997 Feb 25
1997 Apr 26
1997 Jun 30
1997 Aug 29
1997 Oct 28
1997 Dec 27
1998 Jan 31
1998 Feb 25
1998 Mar 27
1999 Feb 25
1999 Dec 27
2000 May 30
2000 Sep 27
2000 Nov 26
2001 Jan 30
2001 Apr 30
2001 Jul 29
2001 Sep 27
2001 Nov 26
2002 Jan 30
2002 Mar 31
2002 Jun 30
2002 Jul 29
2002 Sep 27
2002 Nov 26
2003 Jan 30
2003 Mar 31
2003 May 30
2003 Aug 28
2003 Nov 26
2004 Jan 30
2004 Mar 30
2004 May 29
2004 Jun 28
2004 Jul 28
2004 Dec 30
2005 Feb 28
2005 Mar 30
2005 Apr 29
2005 May 29
2005 Jun 28
2005 Jul 28
2005 Aug 27
2005 Sep 26
2005 Oct 31
2005 Nov 30
2005 Dec 30
2006 Jan 29
2006 Feb 28
2006 Mar 30
2006 Apr 29
2006 May 29

MJD

50199 -
50264 -
50324 -
50384 -
50444 -
50504 -
50564 -
50629 -
50689 -
50749 -
50809 -
50844 -
50869 -
50899 -
51234 -
51539 -
51694 -
51814 -
51874 -
51939 -
52029 -
52119 -
52179 -
52239 -
52304 -
52364 -
52424 -
52484 -
52544 -
52604 -
52669 -
52729 -
52789 -
52909 -
52969 -
53034 -
53094 -
53154 -
53184 -
53214 -
53369 -
53429 -
53459 -
53489 -
53519 -
53549 -
53579 -
53609 -
53639 -
53674 -
53704 -
53734 -
53764 -
53794 -
53824 -
53854 -

50264
50324
50384
50444
50504
50564
50629
50689
50749
50809
50844
50869
50899
51234
51539
51694
51814
51874
51939
52029
52119
52179
52239
52304
52364
52424
52484
52544
52604
52669
52729
52789
52909
52969
53034
53094
53154
53184
53214
53369
53429
53459
53489
53519
53549
53579
53609
53639
53674
53704
53734
53764
53794
53824
53854
53884

[f(EAL) -

f(TAD)] x 10°®

.32

31

.295
.280
.265
.250
.230
.210
.190
.170
.160
.150
.140
130
.140
.130
.120
.110
.100
.090
.080
.070
.060
.050
.040
.030
.020
.010
.000
.990
.980
.970
.960
.950
.940
930
6.920
6.910
6.904
6.899
6.895
6.891
6.888
6.886
6.884
6.878
6.876
6.870
6.868
6.862
6.856
6.850
6.844
6.838
6.832
6.826

OO DO NN N NSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNSNN

scales UTC and TAI differ by an integral number of

Tables 1 and 2), UTC is necessarily subjected to the
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Table 6. Measurements of the duration of the TAl scale interval

(File available on http://www.bipm.org under the name UTAI05.AR)

TAl is a realization of coordinate time TT. The following tables give the fractional
deviation d of the scale interval of TAIl from that of TT (in practice the S| second on the
geoid), i.e. the fractional frequency deviation of TAl with the opposite sign: d = Wi

In this table, d is obtained on the given periods of estimation by comparison of the TAI
frequency with that of the individual primary frequency standards (PFS) IEN-CSF1, NICT-
O1, NIST-F1, NMIJ-F1, PTB-CS1, PTB-CS2, SYRTE-FO2, and SYRTE-JPO for the year

2005.

Previous calibrations are available in the successive annual reports of the
BIPM Time Section volumes 1 to 17.

Each comparison is provided with the following information:
u, is the uncertainty originating in the instability of the PFS,

ug is the combined uncertainty from systematic effects,
Ref(uy) is a reference giving information on the stated value of ug,
Uynian 1S the uncertainty in the link between the PFS and the clock participating to TAI,

including the uncertainty due to dead-time,
Uy orar 1S the uncertainty in the link to TAI,

u is the quadratic sum of all four uncertainty values.

In this table, a frequency over a time interval is defined as the ratio of the end-point phase
difference to the duration of the interval.

The typical characteristics of the calibrations of the TAIl frequency provided by the
different primary standards over 2005 are indicated below.

Primary Type Type B std. Operation Comparison Number/typical
Standard | /selection Uncertainty - with duration of comp.
IEN-CSF1 | Fountain (0.6 to 1.1)x10"" | Discontinuous |H maser 4 /10 to 40 d
NICT-01 | Beam /Opt. |6x10°" Discontinuous |[UTC(NICT) |2 /10d B
NIST-F1 | Fountain 0.3x10°% Discontinuous |H maser 3/30to40d
NMIJ-F1 | Fountain 4x10°% Discontinuous |H maser 3/10d ]
PTB-CS1  [Beam /Mag. |[8x10°% Continuous TAI 12 /30d

PTB-CS2 |Beam /Mag. |12x10°% - Continuous TAI 12/30d
SYRTE-F02 | Fountain (0.6 to 0.8)x10"" | Discontinuous |H maser 3/15to25d
SYRTE-JPO [Beam /Opt. |6x10°"° Discontinuous |H maser 11 / 10 to 25 d

More detailed information on the characteristics and operation of individual PFS may be
found in the annexes supplied by the individual laboratories.



Table 6. (Cont.)

Standard

IEN-
IEN-
IEN-
IEN-

CSF1
CSF1
CSF1
CSF1

NICT-01
NICT-01

NIST-F1
NIST-F1
NIST-F1

NMIJ-F1
NMIJ-F1
NMIJ-F1

PTB
PTB
PTB
PTB

PTB
PTB
PTB

PTB

PTB-
PTB-
PTB-
PTB-
PTB-
PTB-
PTB-
PTB-
PTB-
PTB-
PTB-
PTB-

SYRTE-
SYRTE-
SYRTE-

SYRTE-
SYRTE-
SYRTE -
SYRTE -
SYRTE -

-CS1
-CS1
“(S1
-CS1
PTB-
PTB-
-CS1
-CS1
-CS1
PTB-
PTB-
-CS1

Cs1
Cs1

Cs1
CS1

€S2
€S2
€S2
€S2
€S2
Cs2
Cs2
€S2
€S2
€S2
€S2
€S2

Fo2
FO2
Fo2

JPO
JPO
JPO
JPO
JPO

SYRTE-JPO

Period of

estimation (10°%)

53404 53414
53559 53584
53584 53624
53639 53664

53424 53434
53469 53479

53359 53399
53529 53559
53629 53669

53549 53559
53589 53599
53629 53639

53369 53399
53399 53429
53429 53459
53459 53489
53489 53519
53519 53549
53549 53579
53579 53609
53609 53639
53639 53674
53674 53704
53704 53734

53369 53399
53399 53429
53429 53459
53459 53489
53489 53519
53519 53549
53549 53579
53579 53609
53609 53639
53639 53674
53674 53704
53704 53734

53379 53399
53489 53504
53639 53664

53479 53489
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53514 53534
53554 53569
53579 53589
53594 53609
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(10%) (10°%)

0.4 1.1
0.4 0.9
0.3 0.9
0.6 0.6
5.7 5.5
5.7 5.5
0.4 0.3
0.4 0.3
0.3 0.3
1.1 3.8
1.1 4.0
el 4.2
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
5.0 8.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
3.0 12.0
0.04 0.8
0.0 0.7
0.1 0.6
0.6 6.3
0.5 6.3
0.5 6.3
0.8 6.3
1.0 6.3
0.6 6.3
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Table 6. (Cont.)

Standard Period of d Uy Ug  Ref(ws) Uiinas Unimgmar U Notes
estimation (10°%) (10 (10%) (10°%)  (10°%) (10'%)
SYRTE-JPO 53614 53629 5.5 0.6 6.3 0.3 2.0 6.6
SYRTE-JPQ 53644 53654 9.2 0.6 6.3 0.3 3.0 7.0
SYRTE-JPO 53659 53674 5.5 0.6 6.3 0.3 2.0 6.6
SYRTE-JPO 53679 53704 11.4 0.9 6.3 0.3 1.2 6.5
SYRTE-JPO 53709 53724 12.3 1.2 6.3 0.3 2.0 6.7

Table 6. (Cont.)

Notes:

(1) NMIJ Cs atomic fountain.
(2) Continuously operating as a clock participating to TAl.
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Report on the activity of IEN-CsF1 Primary Frequency Standard during 2005
Filippo Levi, Davide Calonico, Luca Lorini and Aldo Godone
Istituto Nazionale Ricerca Metrologica (INRIM), Str. delle Cacce 91 -10135 Torino - Italy

During 2005, three IEN-CsF1 frequency evaluations were reported to the BIPM. In the table
below, a summary of those reports is shown.

CircT Period (MJD) Dur. | Local Osc. | yIENCsF1-yTAl uA uB ulab uTAl

213 53559-53584 | 25dd | 1401102 6.4 0.4 0.9 0.3 1.2
213 53584-53624 |40dd | 1401102 8.0 0.3 0.9 0.5 0.8
214 53639-53664 | 25dd | 1401102 6.8 0.6 0.6 0.4 1.2

The reference paper for IEN-CsF1 accuracy evaluation procedure is [1]. Further details are reported
here.

Quadratic Zeeman shift: before each fountain evaluation run the magnetic field is mapped along the
atom flight path, with low frequency (AF=0, Am=+1) spectroscopy; the field map is then used to
estimate the DC Zeeman shift experienced by the atoms The AC quadratic Zeeman shift generated
by the cavity heater was measured to be lower than 4x10™"

Atomic density shift: [ENCsF1 is continuously run alternatmg a low density state (~9000 s) and an high
density state (~1000 s), then the local oscillator frequency is extrapolated to the zero density condition.
The collisional shift uncertainty, mainly of type A, is included in the uncertainty of the final linear fit of
the measured frequencies; there is an additional type B uncertainty due to the signal stability and to
the assumed linearity between density and signal: it is evaluated to be ~15% of the weighted averaged
density shift.

Blackbody radiation shift; during 2003, we have recalculated the BBR shift [3] and measured it on the
IEN-CsF1 fountain [2]; in 2005 we have measured the DC Stark shift coefficient for the Cs clock
transition with a vapour cell frequency standard [5]: our results are in agreement among them, but they
do not agree with the value used by other laboratories participating to TAI calibration [4]. Our
theoretical and experimental values for 3 are:

Bexp = -1.43(.09)x10™ [2] Brheo = -1.49(.07)x10™ ;[3] Bewpz = -1.54(.03)x10™ 5]

Waiting for a general discussion on these results, and to allow comparison with other frequency
standards, the value used during the 2005 evaluations is B = -1.711(.003)x10™* [4].

Gravitational shift: the elevation of IEN-CsF1 on the Geoid is measured to be 242.5(.5) m, with the IEN
geodetic GPS receiver (which is part of the IGS station network) and with the local Geoid height
tabulated by NIMA (EGM96) [6].

Type A uncertainty IEN-CSF1 is generally operated by comparing its frequency with a BVA quartz
oscillator phase locked to an H-maser (BIPM code 1401102). The short term stability is limited by the
quartz noise at 3x10 ™t "2

Laboratory link uncertamtg long term stability measurements show that the H Maser (code 1401102)
stability is better than fountain stability up to 10° seconds. During the evaluations performed in 2005,
IEN-CSF1 operated with dead time intervals shorter than 10° seconds and then with negligible added
uncertainty. The local link uncertainty is then limited by the H maser to UTC(IEN) transfer
measurements in the IEN laboratory. A typical accuracy budget (evaluation period MJD 53154-53174)
is reported in the table below:

Effect Bias (x10™"°) Uncertainty (x107°)
Quadratic Zeeman (field map) -46.1 0.1
Blackbody Radiation 29.8 0.1
Collisional (average shift 1.2x10™'°) (*) - 0.2
Gravitational Potential -26.4 0.1
Others Effects (**) - 0.5
Total -42.7 B 0.6

(*) collisional shift is continuously corrected; here is taken into account just the type B uncertainty
(**) Including quadratic Zeeman shift from the heater, microwave leakage and other effects.
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Operation of the LNE-SYRTE primary clocks in 2005

Uncertainty budget for uB
In 2005 the fountain clock FO2 has transmitted three calibrations to TAl and caesium beam clock JPO
was operational in an almost continuous way since April and have transmitted eleven calibrations to

TAl Evaluations of relative frequency uncertainties u, were measured. Particularly the estimation of

the quadratic Zeeman, the Blackbody radiations and the Microwave spectrum & leakage effects in
FO2 clock were appreciably improved. For quadratic Zeeman effect the phase gradient is minimized at
the top of atoms trajectory, for the Blackbody effect the temperature gradient is well controlled inside
0,2K thank to homogeneisation of temperature room, for the Microwave spurious effect the microwave
leakage were limited and for the first Doppler effect the minimisation of phase gradient is object of
study. Frequency stability of FO2 fountain has shown an appreciable behavior, reaches a stability of
2,2 x 10™° at 40000s . That results have well consolidated the accuracy budget of FO2 see ref [1] & [2].
Systematic effects shifting the frequency of the primary clocks are listed in Table | for the three
published FO2 calibrations over 2005 and see ref [5] for JPO.

Month January May September October |
Physical origin Correction | Uncertainty | Correction | Uncertainty | Correction | Uncertainty
2" order Zeeman -1908,66 +/- 0,14 -1908,96 +/- 0,1 -1909,46 +/- 0,07
Blackbody Radiation | 168,2 +/-25 170,7 +/-2,5 168,4 +/- 0,6
Cold Collisions + 347.8 +/- 3,6 289,3 +-2,9 93 +/-0,9
cavity pulling
Microwave Spurious | 0,0 +/-45 0,0 +/-4,5 0,0 +/-4.4
First Doppler 0,0 +/- 3,8 0,0 +/- 3,8 0.0 +/-3,0
others 0,0 +-2,0 0.0 +#-20 100 +-20
Total (1o ) uncertainty u, 7,6 7,3 58

Table I: Accuracy budget of the FO2-CS fountain involved in the 2005 measurements in units 10 °

Evaluation of uA

The short-term frequency instability of the fountain clocks were evaluated throughout 2005 by
comparison with an active H maser locked by a BVA quartz oscillator and also by a cryogenic
oscillator. Experimentally the relative frequency stability for FO2 was measured to

o,(r)=11 10”77 2with BVA quartz oscillator and o,(r)=16 107 772 with  cryogenic
oscillator.

Evaluation of ul/lab

The uncertainty due to the H maser link lab for FO2 was evaluated to 0,1 x 10™°and for JPO was
evaluated to 0,3 x 10™'°. The dead times uncertainties were included in ul/Iab for each fountain clocks
measurements.
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Operation of the NICT primary clocks in 2005

In the first half of 2005, we operated our optically pumped primary frequency standard NICT-O1
and sent the accuracy evaluation report to BIPM twice. In the latter half, its operation had been
stopped for a few months because of a renewal of its laser system and a replacement of run out Cs
ovens. After the above maintenance, trial run was conducted from October. As a result, we confirmed
that there is no observable change in the light shift with the renewal of the laser system. Therefore, we
do not change the Type B uncertainty budget shown below [1].

Physical Effect B (?(')?1%)_ L EJ_nE:1eqr_t‘a5|)rlty o

' Second-order Doppler Svp ~ -260 2
Second-order Zeeman Svgr ~ 1.5x10° 0.2
Cavity pulling ~ dve~ 0 B 0.6
Cavity phase | dve~#*160| 36
Blackbody dvg ~ -20 0.5
Gravitation dvg ~ 8.2 0.1
'Uncorrectedgig_s_eis - I ) 36

| Combined Type B Uncertainty ..L-, 5.5 |

Table 1. Uncertainty budget for uB

Effect Uncertainty(10'15)
Magnetic Field Inhomogeneity 0.03
Rabi Pulling - 0.02
Ramsey Pulling ~ 0.002
Bloch-Siegert Shift 0.3
Fluorescent Light Shift 0.5
Majorana Transitions 1.3
Collisions e
Beam Flux Variation 0.1
Microwave Leakage 1.0
DC Stark Shift , 0.01 |
| Spectral Purity B 0.1
Modulation Synchronous Effects
Detector/ Demodulator 15
AM on Laser 1.0
Switching Transients B 2.0
[ ~ Combined Type B Uncertainty 3.6 |

Table 2: Details on the uncertainty of uncorrected biases

Reference

[1] Hasegawa A., Fukuda K., Kajita M., lto H., Kumagai M., Hosokawa M., Kotake N., Morikawa T.,
Metrologia, 2004, 41, 257.
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Operation of NIST-F1 in 2005

NIST-F1, the Cs fountain primary frequency standard at the National Institute of Standards and
Technology (NIST), has been in operation since November 1998, and the first formal report to the
BIPM was made in November 1999 [1]. Two new papers updating the operation of NIST-F1 were
published in 2005 [2, 3]. During a formal evaluation the average frequency of one of the hydrogen
masers at NIST is measured by NIST-F1 and the results, along with all relevant biases and
uncertainties, are reported to the BIPM. NIST-F1 is not operated as a clock and is run only
intermittently. The standard is constantly evolving, and both hardware and software improvements are
continually being made. In most formal evaluations we have used a range of atom densities along with
a weighted linear least squares fit to determine the frequency at zero density. The tyPical frequency
shift from the lowest measured density to zero density is now on the order of 2x10™'®. Each formal
evaluation also includes mapping the magnetic field, and measuring possible biases due to such
things as microwave leakage and light leaks.

NIST operates a clock ensemble comprised of five active, cavity tuned hydrogen masers, and four
commercial caesium standards. This provides a very stable frequency reference, which allows us to
accurately characterize the performance of the reference maser. Since the masers are quite stable, we
can tolerate a relatively large amount of fountain dead time [3]. This allows us to use a significantly
longer report interval for a given fountain run time in order to reduce the frequency uncertainty
introduced by the noise in transferring the result to TAIl. Frequency noise in the NIST internal
measurement system has an uncertainty well under 1x10'°, and therefore the uncertainty introduced
by the dead time dominates the value of ujaab, Which ranged from 1.8x10"° to 3x10'® in 2005.

Two formal evaluations were carried out in 2005, one 30 day report interval in July 2005, and a 40 day
interval starting in September 2005. Only relatively minor changes have been made to the standard in
2005. These include improvements to the optical detection electronics and low noise quartz local
oscillator that resulted in a further improvement in the frequency stability of NIST-F1. This allowed a
lower atom density to be used for the same fountain frequency stability. A magnetic field monitor was
also added to the software and this has verified that there are no significant changes in the magnetic
field during the runs. No change was necessary in the uncertainty of the magnetic field bias. There
has also been considerable theoretical and experimental work carried out on biases caused by
distributed cavity phase shift, microwave leakage, and spurs [4, 5, 6].

The Type B uncertainties for the two runs in 2005 are ggiven in Table 1 of [2], except that the
uncertainty for microwave leakage was reduced from 2x10"° to 1.4x10™'° by additional measurements.
For both runs the total Type B uncertainty was 3.1x10'®. The Type A uncertainties were 4.3x10"° and
3.4x10°"° respectively for the July and September runs (note that the uncertainty for the spin exchange
shift is included in the Type A uncertainty). Total uncertainties, including frequency transfer and dead
time uncertainties, were 1.15x10™"® and 0.93x10™"® for the two runs.
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Operation of NMIJ-F1 Primary Frequency standard in 2005

In 2005, NMIJ started the operation of NMIJ-F1 as a primary frequency standard. The design,
the basic performance and the preliminary evaluation of NMIJ-F1 are described in Ref. 1. After
this evaluation, some modification was made to NMIJ-F1. The improvement of the microwave
synthesizer for the Ramsey interrogation was executed, and also the microwave synthesizer for
the state selection was introduced. The resulting uncertainties are larger than the preliminary
evaluation [1], because the operational conditions are slightly different from those days. The
conditions will be improved and will approach to the best one in the future.

Three measurements were reported and their measurements periods were ten days each.
The evaluated uncertainties ua, winab, uB are described in the following briefly.
Type A uncertainty us
The NMIJ-F1 uses an optical molasses to load the atoms, and its frequency stability, oy(1), is
about 1x1012v12, Assuming white FM noise over the comparison period, 10 days, the
measurement uncertainty based on the frequency instability is 1.1x10°15,
Uncertainty of the link in the laboratory wumwias
The uncertainty of the link in the laboratory, wuusss, consists of two factors as written in the
following equation

_ 3 2
ulink [lab — \/udead time + ulink/maxer

where Uinkmaser 18 the uncertainty due to the noise of the phase comparator between the
fountain and HM, udead time is the uncertainty due to the operational dead time of the fountain.
Ulink/maser Wwas 0.56x10716 for 10 days. NMIJ-F1 was operated almost continuously and those
efficiencies were over 90 %. The operation was only interrupted sometimes due to earthquakes,
electric power failures and so on. Udesdrime was low level of 1016 for three frequency comparisons
of TAI and NMIJ-F1.

Type B uncertainty s

The following table shows uncertainty budgets that were used for the frequency comparison
during MJD 53589-53599. Type B uncertainty contributed by the 5 factors [1-3] is 4.0x10°5,
which is mainly limited by the cold collisional frequency shift.

Source of uncertainty Bias | Uncertainty
2nd order Zeeman 181.7 2.0
Blackbody radiation -17.2 0.9
Gravitation 1.6 0.1

Cold collisions 0.0 3.3
Distributed cavity phase 3 12 |
Total 166.1 4.0

[1]Takayuki Kurosu, Yasuhiro Fukuyama, Yasuki Koga and Kentaro Abe, “Preliminary
evaluation of the Cs atomic fountain frequency standard at NMIJ/AIST.” IEEE Trans. Instrum.
Meas., vol. 53, pp. 466-471, 2004

[2]T. Kurosu, Y. Fukuyama, K. Abe, S. Yanagimachi and Y. Koga, “Evaluation of the Cs atomic
fountain frequency standard at NMIJ/AIST.” Proceedings of the joint meeting EFTF/FCS,
Tampa, May 2003. pp. 68-71.

[3]S. Yanagimachi, Y. Fukuyama, T Ikegami and T. Kurosu, "Numerical Simulation of
Distributed Cavity Phase Shift in Atomic Fountain Standard." Jpn. J. Appl. Phys. 44, pp.
1468-1475, 2005.
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Operation of the PTB primary clocks in 2005
PTB's primary clocks with a thermal beam

During 2005, PTB CS1 and CS2 were in continuous clock operation without any modification or
(major) disturbance. In the CS1, the beam signal stayed at a lower level than in previous years after
the caesium oven nozzle had clogged in April 2005. This explains that o,(7== 1h, CS81) = (90 -
100)%10""® was measured in the second half of 2005. For PTB CS2, however, g(7= 1h, CS2) =
65x10"° was measured as usual. The frequency instability of the clock signals was checked with an
active hydrogen maser as the reference. A long-term analysis of the frequency instability between
CS1 and CS2 over 2500 days revealed white frequency noise as the dominant noise source for
averaging times up to 300 days [1], which justifies the estimate of the uncertainty contributions u, as
ua(7=30d, CS1) = 5x107"°, and ua(7=30d, CS2) = 3x10°".

The clocks’ operational parameters were checked periodically and validated to estimate the clock
uncertainty. These parameters are the Zeeman frequency, the temperature of the beam tube (vacuum
enclosure), the line width of the clock transition as a measure of the mean atomic velocity, the
microwave power level, the spectral purity of the microwave excitation signal, and some characteristic
signals of the electronics. Reversals of the beam direction were performed on each clock three times,
and the end-to end phase difference determined thereafter exhibited the normal scatter around the
long term mean value. No indications were found calling for a modification of the previously stated
relative frequency uncertainties, ug, which are 8x10™"° and 12x10™"° for CS1 and CS2, respectively [2].
The clocks have been operated continuously, and time differences UTC(PTB) — clock in the standard
ALGQOS format have been reported so that vy, is zero.

PTB's caesium fountain clock CSF1

Routine operation of CSF1 has not been resumed in 2005. During a joint measurement campaign in
October/November 2004 a sudden relative frequency excursion of PTB's CSF1 with respect to FO2
(BNM-SYRTE), CSF1 (IEN), and CsF1 (NPL) of 2 parts in 10" occurred. This could be traced back to
a faulty cable in the 5-MHz circuitry. In the course of such studies, the clarification of other open
questions seemed more important than resuming routine operation. Therefore, CSF1 was not used as
primary frequency standard except for a short period in August 2005 when it served as the primary
reference for an optical frequency measurement. For this period ug(CSF1) = 2.6x10"° was estimated
which is larger by about a factor 3 than the value reported in previous years, because not all
evaluations of systematic effects had been completed.

Several investigations of potential causes of frequency bias in fountain clocks have been completed
now and results will be presented during EFTF2006. It is planned that routine operation will be
resumed during 2006.

References
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Table 7. Mean fractional deviation of the TAl scale interval from that of TT
(File available on http://www.bipm.org under the name SITAI05.AR)

The fractional deviation d of the scale interval of TAl from that of TT (in practice the S| second on
the geoid), and its relative uncertainty, are computed by the BIPM for all the intervals of
computation of TAI, according to the method described in '‘Azoubib J., Granveaud M., Guinot B.,
Metrologia 1977, 13, pp. 87-93', using all available measurements from the most accurate primary
frequency standards IEN-CSF1, NICT-O1, NIST-F1, NMIJ-F1, NPL-CSF1, PTB-CS1, PTB-CS2,
PTB-CSF1, SYRTE-FO2, SYRTE-FOM and SYRTE-JPO consistently corrected for the black-body
radiation shift.

In this computation, the model for the instability of EAL has been expressed as the quadratic sum
of three components: a white frequency noise 3.0x10"/Y(7), a flicker frequency noise 0.5x10°%°
and a random walk frequency noise 1.0x10*xV(7), with 7 in days. The relation between EAL
and TAl is given in Table 5.

Month Interval d/10°* uncertainty/10"®

Jan. 2003 52639-52669 +9.
Feb. 2003 52669-52694 +9.
Mar. 2003 52694-52729 +9.
Apr. 2003 52729-52759 +9.
May 2003 52759-52789 +7.
Jun. 2003 52789-52819 +7.
Jul. 2003 52819-52849 +8.
Aug. 2003 52849-52879 +9.
Sep. 2003 52879-52909 +10.
Oct. 2003 52909-52939 +9.
Nov. 2003 52939-52969 +10.
Dec. 2003 52969-53004 +9.

PO UINNNWOOO OO ®
O H OO
O R P OMNN O W

Jan. 2004 53004-53034 +8.
Feb. 2004 53034-53064 +6.
Mar. 2004 53064-53094 +5.
Apr. 2004 53094-53124 +4.
May 2004 53124-53154 +5.
Jun. 2004 53154-53184 +5.
Jul. 2004 53184-53214 +3.
Aug. 2004 53214-53244 +3.
Sep. 2004 53244-53274 +3.
Oct. 2004 53274-53309 +3.
Nov. 2004 53309-53339 +3.
Dec. 2004 53339-53369 +4.

MO O WWONNDOTU D~
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Jan. 2005 53369-53399 +4.
Feb. 2005 53399-53429 +5.
Mar. 2005 53429-53459 +5.
Apr. 2005 53459-53489 +5.
May 2005 53489-53519 +5.
Jun. 2005 53519-53549 +6.
Jul. 2005 53549-53579 +5.
Aug. 2005 53579-53609 +5.
Sep. 2005 53609-53639 +5.
Oct. 2005 53639-53674 +5.
Nov. 2005 53674-53704 +4.
Dec. 2005 53704-53734 +4.
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Independent local atomic time scales

Local atomic time scales are established by the time laboratories which contribute with the
appropriate clock data to the BIPM. The differences between TAIl and the atomic scale maintained by
each laboratory are available on http://www.bipm.org or via anonymous ftp 62.161.69.5. For each
time laboratory 'lab' a separate file TAl-lab is provided ; it contains the respective values of the
differences [TAI-TA(/ab)] in nanoseconds, for the standard dates, starting on 1 January 1998.

The file NOTES.TAI provides information concerning the time laboratories contributing to the
calculation of TAI since 1 January 1998. This file should be considered as complementary to the
individual files TAl-lab.

For dates between April 1996 and December 1997, the values of [TA/-TA(/ab)] are given in yearly files,
each one giving also values of [UTC-UTC(lab)].

Local representations of UTC

The time laboratories which submit data to the BIPM keep local representations of UTC. The
computed differences between UTC and each local representation are available on
http://www.bipm.org or via anonymous ftp 62.161.69.5. For each time laboratory 'lab' a separate file
UTC-lab is provided ; it contains the values of the differences [UTC-UTC(/ab)] in nanoseconds, for the
standard dates, starting on 1 January 1998.

The file NOTES.UTC provides information concerning the time laboratories since 1 January 1998. This
file should be considered as complementary to the individual files UTC-lab.

For dates between April 1996 and December 1997, the values of [UTC-UTC(/ab)] are given in yearly
files, each one giving also values of [TA/-TA(/ab)].
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International GPS and GLONASS Tracking Schedules

(Files available on http://www.bipm.org)

GPS Schedule no 44
File SCHGPS.44

implemented on MJD = 53461
(2005 April 1) at Oh UTC

Reference date MJD = 50722
(1997 October 1)

GPS Schedule no 45
File SCHGPS .45

implemented on MJD = 53642
(2005 September 29) at Oh
uTcC

Reference date MJD = 50722
(1997 October 1)

GLONASS Schedule no 19
File SCHGLO.19

implemented on MJD = 53461
(2005 April 1) at 0h UTC

Reference date MJD = 50722
(1997 October 1)

GLONASS Schedule no 20
File SCHGLO.20

implemented on MJD = 53642
(2005 September 29) at Oh
uTC

Reference date MJD = 50722
(1997 October 1)
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Relations of UTC and TAI with GPS time and GLONASS time

(File available on http://www.bipm.org under the name UTCGPSGLO05.AR)

[TAI - GPS time)] and [UTC - GPS time]

The GPS satellites disseminate a common time scale designated 'GPS time'. The relation between GPS
time and TAl is

[TAl - GPS time] =19 s + C,,

where the time difference of 19 seconds is kept constant and C, is a quantity of the order of tens of
nanoseconds, varying with time.

The relation between GPS time and UTC involves a variable number of seconds as a consequence of the
leap seconds of the UTC system and is as follows:

From 2006 January 1, Oh UTC until further notice:

[UTC - GPS time] =-14 s + C,,.
Here C, is given at Oh UTC every day.
C, is computed as follows. The GPS data recorded at the Paris Observatory for highest-elevation satellites
are first corrected for precise satellite ephemerides and for ionospheric delays derived from IGS maps, and
then smoothed to obtain daily values of [UTC(OP) - GPS time] at Oh UTC. Daily values of C, are then
derived by linear interpolation of [UTC - UTC(OP)].

The standard deviation o, characterizes the dispersion of individual measurements for a month. The actual
uncertainty of user's access to GPS time may differ from these values. N, is the number of measurements.
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Relations of UTC and TAI with GPS time and GLONASS time (Cont.)

(File available on http://www.bipm.org under the name UTCGPSGLO05AR)

[UTC - GLONASS time] and [TAI - GLONASS time]

The GLONASS satellites disseminate a common time scale designated 'GLONASS time'. The relation
between GLONASS time and UTC is

[UTC - GLONASS time] = 0s + C,,

where the time difference 0 s is kept constant by the application of leap seconds so that GLONASS time
follows the UTC system, and C, is a quantity of the order of several tens of nanoseconds (tens of
microseconds until 1997 July 1), which varies with time.

The relation between GLONASS time and TAl involves a variable number of seconds and is as follows:
From 2006 January 1, Oh UTC, until further notice:

[TAl - GLONASS time] = 33 s + C,.
Here C, is given at Oh UTC every day.

C, is computed as follows. The GLONASS data recorded at the Astrogeodynamical Observatory,
Borowiec, Poland for the highest-elevation satellites are smoothed to obtain daily values of

[UTC(AOS) - GLONASS time] at Oh UTC. Daily values of C, are then derived by linear interpolation of
[UTC - UTC(AOS)}.

To ensure the continuity of C, estimates, the following corrections are applied:

+1285 ns from 1997 January 1 (MJD 50449) to 1999 March 22 (MJD 51259)
+107 ns for 1999 March 23 and March 24 (MJD 51260 and MJD 51261)
0 ns since 1999, March 25 (MJD 51262).

The standard deviation o, characterizes the dispersion of individual measurements for a month. The actual
uncertainty of user's access to GLONASS time may differ from these values. N, is the number of
measurements.



Table 8A. Rates relative to TAl of contributing clocks in 2005

(File available on http://www.bipm.org under the name RTAIO5.AR)

Mean clock rates relative to TAI are computed for one-month intervals ending at the MJD dates given in the table.
When an intentional frequency adjustment has been applied to a clock, the data prior to this adjustment are
corrected, so that Table 8A gives homogeneous rates for the whole year 2005. For studies including the clock rates
of previous years, corrections must be brought to the data published in the Annual Report for the previous years.
These corrections are given in Table 8B. Unit is ns/day, " -" denotes that the clock was not used, "*" denotes
that the related rate was influenced by a frequency jump.

The clocks are designated by their type (2 digits) and serial number in the type. The codes for the types are:

12 HEWLETT-PACKARD 5061A 21 OSCILLOQUARTZ 3210 51 DATUM/SYMMETRICOM 4065 B

13 EBAUCHES, OSCILLATOM B5000 23 OSCILLOQUARTZ EUDICS 3020 52 DATUM/SYMMETRICOM 4065 C

14 HEWLETT-PACKARD 5061A OPT. 4 30 HEWLETT-PACKARD 5061B

16 OSCILLOQUARTZ 3200 31 HEWLETT-PACKARD 5061B OPT. 4

17 OSCILLOQUARTZ 3000 34 H-P 5061A/B with 5071A tube

15 DATUM/SYMMETRICOM Cs III 35 H-P/AGILENT 5071A High perf.

4x HYDROGEN MASERS 36 H-P/AGILENT 5071A Low perf.

9x PRIMARY CILOCKS AND PROTOTYPES 50 FREQ. AND TIME SYSTEMS INC. 4065A
Lab. Clock 53399 53429 53459 53489 535189 53549 53579 53609 53639 53674 53704 53734
APL 35 904 3.95 4.10 4.85 5.88 4.46 3.86 = - 4.91 = 4.88 =
APL 35 1264 10.37 10.70 9.53 11.66 9.66 10.31 = ~ - = = =
APL 35 1791 —6..55 -6.70 -6.69 -4.83 -6.72 -5.89 = - -4.54 = -4.68 =
APL 40 3107 -0.90 7.79 14.93 22.04 25.40 28.84 - - 36.59 = 38.34 =
APL 40 3108 -49.19 -44.61 -39.51 -32.70 -28.32 -22.17 - - -1.82 = 12.52 =
APL 40 3109 = - = = = = - - = = -28.31 =
AUS 36 249 -2.49 -5.42 -6.61 - ~7.19 -4.98 ~-6.20 — = = -1.74 -5.59
AUS 36 299 19.48 19.20 18.93 19.22 18.89 19.02 17.99 - = = = =
AUS 36 340 -1.25 =1.73 -1.82 -2.17 -0.28 -0.50 -0.30 = 0.11 -0.69 -2.38 -0.26

AUS 36 654 -18.97 -19.58 -19.47 -19.42 -19.81 -17.55 -17.82 - =-20.17 -18.72 -20.32 -18.53

oy



Table 8A. (Cont.)

Lab.

AUS
AUS
AUS
AUS
AUS

CH
CH
CH
CH
CH

CNM

CNM
CNM
CNMP

DLR

DTAG
DTAG
DTAG

L s B B B |

L L I B B |

Clock

36 1035
40 5401
40 5402
40 5403
99 1
16 71
35 1065
35 1793
35 939
35 1270
35 771
35 2117
36 354
36 413
40 5701
35 1705
35 1815
36 1537
40 7301
36 1752
35 1714
36 '136
36 345
36 465
35 122
35 124
35 131
35 158
35 172
35 198
35 355
35 385
35 396
35 520
35 536

53399

5.
29,

19.

87.

0.

42
59

.48

08

56
13

-1.84~%*

5.
=2,

9.

45.

-83.

0.

49
49

03

96

99

03

1.42*

-18.
=33:
-4.

=1,
-1.
—05s

1.
13.

50
80
86

07
06
06
04
54

.27
.38
.93
.58
«35

+59

«59
.66

53429

141.
.83

.10
+ 15

.50
.99

38

-1.53%*

2.
=3

46.

-86.

-0.

79
47

.40

65

04

97

0.88%*

22
.04
15x
=89

.30
.89
.38

.06
.96
.42
.99
.24

.15
.48
.08
.23
.30

69

13

53459

4.
34.

14.

143.
-0.

63
18

84

03
67

0.54%*

3.
-4.

45.
-11.
-87.

22
48

:53

44
15
91

.15

1.39%*

-17.
=36.
-6.

75
21
92

35
.20
.11
.62
.71

.74
.00
.69
.69
=28

551
.06
.54
225
.48

53489

4.60
28.39

101.00
-0.11
-0.02%*

46.46
-14.18
-89.58

=17:29
=53.36
- 7505

-1.02
-3.64
-1.95

0.24
14.03

5.79
15165
16.68

8.75

5.46

2.55
23.92
5.46

7.17

53519

5a

33

23
39.

105.
.58

69

w31

03
09

18

2.27%*

.70
.88

.41
.07
.05
.68
.92

#23
o 23
.00
.47
.03

.27
.30
.05
.89
.39

.47
.04
.03
+D9
=3k

.06
.23
.72

.25

53549

—-0.

.00
36.
.42
21,
39.

06

78
34

34

1.71+*

.86
.30

.43
wd3
2
.74
.72

.81
#I32
.41
.09
.48

+19
v 13
+ 39
.02
<58

222
.34
. 1.7
.10
.90

.56
.55
.12
.95
.98

53579

s N O o

-94

-0.
.18
-19.
=61.

=B

=1

14

12,
17.
.92
.01

.06
34.
134,

-211.
36.

88
48
21
28

.74
.12
.84
.32

ol 3
.92
46.
=11,
<39

16
63

66

57

03
18

.06
.44
591
=52
.09

47
04

.46
.56
.45
.49
.83

53609

0.47
-0.61
1.87
-4.78

8.95
1.03
44 .32
-9.60
-96.05

0.29
0.08
-18.74
-65.22
-6.02

-0.14
3.84
-1.48
=1z 85
13.82

12.15
17.53
7.48
4.27

24 .13

12.26
7.74

53639

~J

23.
.18
14.
.49

.66
: 163
.49

.54
=57
.83
.85

.64
=50
.31
.80
.60

.49
.43
.18
.89
.00

.83
.32
.78
.63
.09

.34

.15
.99

50

67

53674 53704
4.77 25.57
36.96 33.72
-0.86 9.00
- =10.09
--8805.37

1.49 2.56
0.19 -0.12
3.14 5.60
-3.68 -3.26
9.00 8.49
L1.31 0.37
44 .86 44.93
-13.72 -11.86
-99.14 -100.31
0.20 -0.19
-0.64 -0.46
-17.49 -16.57
-60.74 -40.95
-5.23 -5.95
1.01 =
1.14 9.01
-1.24 -0.59
-1.56 -1.00
= 8.77
12.57% 11.96
7.64 7.70
3.19 4.98
23.37 22.55
4.31 4.48
14.94 14.81
8.44 8.33

53734

=13..

12.
.36
.44

-101

=17

29

40

- 12
wdd
13
.73

.39
s Al
43.
-10.
.79

17
27

+95
=0 .

69

.19
-41.
«191

49

33
.11
.34
+58

.91
.13
.87
.40
il

.68
.25
21
.60

(34



Table 8A. (Cont.)
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L I B T B | L I I B B |

Lo B B |

m

HKO
IEN
IEN

IEN
IEN
IEN
IEN
IFAG

IFAG
IFAG
IFAG
IFAG
IFAG

IFAG
IFAG
IFAG
IcMA
IicMA

Clock

35
35
35
35
35

35
35
35
35
35

35
35
35
40
40

40
40
35
35
35

35
35
35
40
36

36
36
36
36
40

40
40
40
16
35

609
770
774
781
819

859
1029
1177
1178
1222

1321
1556
2027
805
816

889
890
1893
219
505

1115
1373
2118
1102
1167

1173
1629
1732
1798
4401

4403
4413
4418
112
674

53399

-7.39
17.84
-15.84

6.62

14.00

11.48
-18:29

=58 92
-27.10

15.65
-7.01

-24.87%*
-5.43

-7.76

5.38
-0.32
-1.86

53429

13.

11

.68

1i8.
~-16.
.35
13

26
38

35

.82

.26
-18.
.05
=53
-25.

96

79
97

.79
.38
.78

w23
522

-24.04%*

.81

.10
.06
523
.96

.44
.22
.80

53459

-7

~ o

12
-14

11.
-17.
.00
=« 5l
=25

=51

.79
18.

04

.67
.48

«13
« 81
« 40

.99

82
74

54

.36
.56
.03

.95
.29

-25.47%*

.77

.48
.70
.05
.05

01
.45
.98
.07

53489

-6.
i8.

-14.

11.
-17.
.83
=50,
.72

=27

43
21

.81
.13

.84

52

.57

69
23

17

.45
.13
.46

.42
.68

-22.09%*

11,
.36
29.
.65

.08

.17
.20
.69
.28

13

02

53519

=5.
15.
=1%.
10.
S.

3

-14.

12.
-16.
.23
=50
-28.

-7.
o o s

48
77
69
24
44

34

25

.37

43
02

06
72

.51
12.
=10

14
16

63

~-20.61%*

17.
« 25
27.
.05

.94

.88
.84
.37
.41

42

45

53549

8.
16.
-17.
10.
8.

4.
13
=13,

7
12.

=20z
6.

O

46
03
00
18
93

04
99
67

82
19

69
46

.49
12.
=11

05
01

=33
+1.9

-19.50%*

.87

.10
.89

.39

.46
.93
.45
.51

53579

=g,

15

3.
14.

-14

6.

12,
-20.
5 s

11

16;
.54
.74

11

10

.85
—~1'7.
11.
8.

42
06
01

76
21

.45

14

59
12
63

.01
.19
=10 .

34

04

-18.31%*

.14

.37
«B5

.20
.21

53609

-8.
15.
.88
.35

-16

12

-20.
.66
=5%:

-0.
10.
-10.

15.
1.
11.

57
19

.21
13
-14.

75
52

.64

.40

81

68

10
%5
00

40
85
37

-17.07~*

0.

40

.46
.64

.08
.08

22

.08

.32

53639

-8.
14.
-16.
11.

12

17,
=1
11.

32
53
58
26

2277
13
-15.
28.

55
06
00

.72
-20.
.96
-58.
-3l

77

63
69

.08
.38
.90
=40

12
52
83

-16.19*

.09

.84
.09

.45
233

.72

.62

53674

—6is
14.
.09
.09
.92

-17

27.

11.
.87
=53
=51
=32

-17

37
.34
.44

10.
=10,

11
-0

13
— (0L
12.

45
86

.43
=87

35

74

69

18

66

72

00

04

68
46

=15, 13*

.50

< 19
.78
.80
.60
.27

.97
.38

:185
.98

53704

14.
-16.
10.
.52

13

12.
=17.
.02
=55
~81

41.
1.3,
.18
.61
=93

10

13
13.
.88

12

80
91
27

54

97
18

07
34

06

02

93

70
64

-13.64*

-0

.57

.98
.69
.42
« 1.7
.57

.69
=13
.85

86

53734

14.
-16.
.70
.40

13.

13.
-18.
.89
-48.
-29.

43.
14.
.94

10,
=10.

15.

86
21

26

89
11

24
58

84
46

59
17

52

.91
.80
.94

45
.22
.22
.04
.57

.76
83
:15

44
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IGMA
INPL
Jv
Jv
JV

Jv

KRIS
KRIS
KRIS
KRIS

KRIS
KRIS
KRIS
KRIS
KRIS

LT

MIKE
MIKE
MIKE

MIKE
MSL
MSL
MSL
NAO

NAO
NAO
NAO
NICT
NICT

NICT
NICT
NICT
NICT
NICT

Clock

35
35
21
21
36

51
35
35
35
36

36
36
40
40
40

35
35
35
36
40

40
12
36
36
35

35
35
35
35
35

35
35
35
35
35

676
1652
216
387
1277

2040
321
1693
1783
321

739
1135
5623
5624
5625

289
1362
1171

986
4113

4180
933
274

1025
779

1206
1214
1689
112
144

332
342
343
715
732

53399

10.

=11.
31.
40.
.88

108

5.

.96
227
.43
.87
.60

08

.51

00
78
39

69

28.05%

wwar

18.
.44
.02
.39
-19.

14.
= Bl
15.
- 61
.67

.90
«35
.43
.29

15

23

67

29

53429

=31 .
33.
40.

114.

4.

.06
=6
.66

=2
=17,

91

69
02

.82

.80

30
38
57
39

94

29.83*

-39
.54
.08
.20

.39
.58
.61
.33
.44

33
.40
.34
«52
#31

53459

=13
34.
40.
1238.

7.

.20
=
10.

-106.

-18.

06
53
18
62

20
30
37
28

18

30.67%*

wouN

16.
.19
=0
.19
=20

13

.89
.00
.30
.34

75

43

75

.98
.94
14.
.67
;02

92

53489

-3
-8

5
-369
-19

-14.
34.
39.

111

6

.13
.53
.18
.34
.40

50
74
76
73

.49

28.69%

.29
.47
.11
.53

.94
s 71
.48
.95
.17

481
.60
.49
.56
.26

53519

=2

=7

-359

-19.

-14.
37.
39

117

4

.73
06
.40
.03
27

.74
«56

67
26
89
+92

.49

28.83%*

95.
101.
96.

91
80
26

58
.03
.20
.53
.29

.02
.47
.08
32
.42

A3
.20
.02
.90
.73

53549

-4.

-2

=13.
36.
39.
121.

6.

60

.88
3
-327.
=18

83
77
72

.14
.98

51
05
83
9S8

82

31.98%

25.
-4.

54
60

.47
.18
%55
.31
112

.85
.91
.18
.77
.71

.30
.54
.36
.91
.35

53579

=13;
37
39.
127

6.

.53
.40
=302

-18.

90
28

.14
. 35

49
73
79
28

50

33.89%*

-4.

46

.04
.91
.96
.04
222

.28
.97
: 39
.80
.78

.84
.90
.60
.87
.40

53609

=2.
.43
.50
-313.

-19.

=13
36.
39.;
132.

7.

75

37
42

.47
.51

56
79
96
25

61

33.18%*

=13

B UTNN O

02

.10
.59
235
=99
.39

.03
.83
:23
.97
.58

.73
.06
.46
.78
.05

53639

-2

=333

=17,

=12
37:
40.
136.

6

35
.30
.50
90

A2
.05

50
58
14
99

.98

30.84%*

-18

16.
.44
13.
10.
.30

.60

.38
=25
=23
=02
.28

.28
.49

.42
.42

12

74
79

53674

=12.
34.
40.
.34

141

w4

16.
wDB
«32
.08
-15;

16

12

.10
.85
.60
.37
.97

.88
.58

84
75
26

i
.27

.03
.28
.52
.98

86

93

.85
.30
13.
.14
.41

48

53704

=0.
3.
« T2
73.
-18.

1

12,
2D
.21

13

-11.
35,
«16

57

146.
18.

17.
.36
12.
12.
.98

72
57

06
77

57

73
97

27
91

.19
.79

.16
.79
.63
.54

il
.-

.19
.61

08

99
71

53734

-1.
.75
.61
167.
-18.

48.
11,
w23
13.

=10
34.
69.
150.
21.

15.
=bl
13
239
.64

14

69

81
97

04
43

41

36
12
69
64
65

.45
.22

.79
.98
.08
.50

.74
.86

.10
.65

19

51

84
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NICT
NICT
NICT
NICT
NICT

NICT
NICT
NICT
NICT
NICT

NICT
NIM
NIM
NIM
NIM

NIM
NIMB
NIS
NIST
NIST

NIST
NIST
NIST
NIST
NIST

NIST
NIST
NIST
NIST
NIST

NIST
NIST
NMC

NMIJ
NMIJ

Clock

35
35
35
35
35

35
35
35
35
35

35
35
35
35
40

40
35
35
15
35

35
35
35
35
35

35
35
40
40
40

40
40
35
35
35

807
908
1778
1789
1790

1882
1887
1944
2056
2113

2116

479
1238
1239
4814

4832
600
1126
9866
132

182
282
408
1074
2031

2032
2034
201
203
204

205
222
1501
224
459

53399

-11

54.
25,

w

-54.
~1..

=10.

21..
61.
14.

-25.
-4.
-2.

-16.

.14

.43
12.
11.
.86
-4.

14
S1

11

06
20

.41
.97
.33

39
72

14

.54
=16

08

93
87
86

68
41
34
54

53429

-10.

11.
.18
=3;

54.
+25

24

w

=10

=0
=15

23.
62.
15.

84

95

79

33

.69
.45
«11

57

78
58

00
27
13

.41
.89
.70
+ 53
.43

53459

~30.

13.
9.
-4.

54.
24.
T

[i=Y

-56.
-1.

-1.

-16

23.
63.
15.

-25.
+53

=2,
-16.
+16

58
27
30
07

78
91
22

.90

48

.22

79
67
28

58

53
98

53489

-11

=10

=0 ;
=16

65.
15«

-25.
-2 4
=B

-1 6.

.36

.46
.41
.26

505
.02
23
.43
.92

.81
.29
.95
.52

il

.04

30

35
42

.66
16
39

56
99
62
56
« 1.0

53519

-11.
.37
14.
10.
=55

25..
66.
15:

=25
.40

-2

-3
—1 7 e
.08

38

42
03
05

.02
.28
92
.85
.07

.74
.63

.97
«32

.03

.42

523

o D
.79

79
84
78

51

55
14

53549

-11.
9.
13.
10.
=51

-4

55
25,
.49
.99
w2

26.
68.
15

40
19
73
28

34
12

.48

.40
.57

74
29
87

.63
.93
< T
.39
.44

53579

-10.

-1.
—16.

27,
69.
15.

~25 ;
.37
-1.
-17%.
.47

.66
.34
.37
.76
« 12

« 2.
+75
.76
.12
.86

23

51
64

g
71
85

80

59
71

53609

-10.
9.
13,
10.
=33

55
.89
.00
.48
.10

24

20.
=2

-10.

-1

-16.

29
T
15,

-25.,
-0.
-3.

87
06
74
13
73

65

.89
.15
.86
.85

.75

68
10

41

70

74

11
05
98

92
71
00

.14

53639

-10.
10.
13.
10.
=3,

55
24.
.61
<17
.94

=10,
.94

=0
-16.
.14

-10.
=21.
30.
72 .
16.

~2 6.
0.
-2.

-11.

.34

07
46
85
08
68

75
35

.60
.39
.40
158

.96
=2 .
28.
=1

78
36
38

46

91
29

99
27
14
32
16

03
20
73
91

53674

-10.
10.
14.

9.
=3;

57.
24 .
6.
8.
-24.

ONWHOO

20.
.24
~ .
31.
=2 4

-10.
.32
-1 .
-16.
-1 .

-10.
-20.
31
73
16.

30
28
05
76
97

04
86
il
85
69

57
.98
.40
.67
05

59

23
95
65

03

29
14
48

41
82
17
75
77

.97
.48
.48
.42
.70

53704

-10

9

57.
24.
B9
.26
.48

-9.

-21

=25,
.29

-12

.45
10.
14.

84
16

.97
=3

68

70
99

.77
.27
.57
«30
~23

.66
.62
.43
=53
« 16

.88
: 98
«75
.46
.61

64

16
32.
75,
17.

11
26
o7

98

.54
=08

53734

-9.
—21,
.94
76.
.33

32

17

=25,
;10
=33

.08
.42
.64
.36
.59

.93
.72
.24
.82
12

.13
ch |
06
.83
<16

.55
.44
37
.24
+83

.96
.54
.88
.87
«63

69
S0

56

93

60

147



Table 8A. (Cont.)

Lab.

NMIJ
NMIJ
NMIJ
NMIJ
NMLS

NPL
NPL
NPL
NPL
NPLI

NRC
NRC
NRC
NTSC
NTSC

NTSC
NTSC
NTSC
NTSC
NTSC

NTSC
NTSC
NTSC
NTSC
NTSC

NTSC
NTSC
NTSC
NTSC
NTSC

NTSC
NTSC
NTSC
OMH

ONEA

Clock

35
35
35
40
35

35
36
40
40
35

35
35
90
35
35

35
35
35
35
35

35
35
35
35
35

35
35
40
40
40

40
40
40
36
12

523
1273
1466
5014

53399

-10.
9.
1.

00
56
68

165919052.40

1275
784
1701
1708
725

234
372
61
1007
1008

1011
1016
1017
1018
1818

1820
1823
2098
2131
2141

2142
2144
226
227
4926

4927
4945
4946

849
1091

=2 ;

14

-2.15«*

6

.07

14.12%*

16.
.27

21

19.

14.

12.

-75

=91,

78

.32
48

.09
13
+B3
86

.48
.01

.07
D3

«22
27

53429

.28
.30
.08
.82

.38
.93

-1.82%*

6.

07

15.63%

16.
21.
.12
.69
10

18

-73.
11.

81
95

131

.64
14.
.01
11.

48

50

.30
.80

.74
.94

53459

—11..
.85
.74
.43

90

.28
.42

-2.46*

6.
15

16.
.23
.56
19.
10.

22

=72
19.

35
57

33

74
78

.07
15.
.05

11
-32.

04

61
93

.46
.77

49
35

.57
26

53489

.94
.00
.22

.03
.41

-2.41%*

6.
.16

16.
20.
.36
18.
10

-70.
28.

39

30

80

28
28

.46
.83

.39
.19

.57
.82

44
32

.54
.24

53519

95

.09
37
.60

.83
.14

-2.24%*

o)}

16.
21.
-0.
19.
10.

-67.
38.

.90
.07

59
34
25
07
15

«37
15,
.26

13.
-32.

37

80
28

+35
+63

71
83

.68
.94

53549

10.

18

.11
.81
.69

.65
.23

-2.04*

17.
21.
~0.
19.
.49

-64.
49.

.10
=92

27
92
38
70

<29
16
.56
i [
-32.

32

28
94

.48
=32

82
46

o DT
.59

53579

6.

10.
Bie
0.

-3
=2

91
49
90
37

33
57

-1.94%*

s
0.

16.
21.
=02
19.

S.

4.
16.
3.
1:01.
.22

-31

=L
11

=6l
60.

26
98

66
62
71
42
13

46
77
24
56

28
81

65
19

.83
127

53609

7.

11

-0

-3

43

.88
8.
.38

56

.59
0.

01

-1.73%*

6.
2.

16.
23.

0

Bl
15,
2.

11

=63
£

-58.
69.

70
12

14
06

.21
19.
9:

10
70

72
95
75

.48
-30.

70

66
90

47
92

.42
« T
15
.22

53639

75

10.
3.
-0.

-4

31
62
77
07

.00
-0.

99

-1.58%*

6.
: 73

17.
21.
.05
.06
11.

19

11

-54.
78.

=13.
-2,
o B2
-4.

96

33
41

42

<77
15,
D3
.23
-29.

52

85

.79
LT

80
09

80
62

41

53674

8.
105

2.,
—0.

0.

26

98
28
62

69

-1.23*

7.
o 12

16.
21.
.77
19.
11.

=50

85.
-32.
w23
.86
—-8.

11

49

79

86
28

« 69
15.
.43
11.
-29.

13

56
88

.61
.84

49
77

51

53704

8.

12,

0.

16.
.13
-0.
18.
.49

11

-46.

91

-17

18

66

21

.38
.98
.18
.63

46

99
92

Tl
15:;
.48
.98
-29.

10

77

.70
.45

.57
-34.
33
.62
.46

25

53734

-42.

96.
-29:
.46
.45
81

.17

.21
.75
.25

.98
.61
<57
.87
.24

.96
.40
«d B
.63
.83

18
77

14



Table 8A. (Cont.)

Lab.

ONRJ
ORB
ORB
ORB
ORB

PL
PL
PL
PL
PL

PL
PL
PL
PL
PL

PL
PL
PTB
PTB
PTB

PTB
PTB
PTB
PTB
PTB

PTB
ROA
ROA
ROA
ROA

ROA
ROA
ROA
SCL
SCL

Clock
35 1942
35 201
35 202
35 593
40 2601
35 441
35 502
35 745
35 761
35 1120
35 1660
35 1709
35 1746
35 1934
36 1395
40 4002
40 4004
35 128
35 415
35 1072
40 505
40 510
40 590
92 1
92 2
92 3
14 1569
31 422
35 583
35 718
36 1488
36 1490
40 1436
35 621
35 745

53399

19.

.74
.94
.01
: 33

.61

.26

.08

.39
=1

62

66

0.21%*

—2.
.37
13.

33.

38

71

.29
.84
« 277
.66
.18

27

0.80*

-12

@

.29

s
.36

.66
-1.

64

53429

5.81
69.33
0.43

1.88
-0.30*

-4.50

0.02

=2:01

0.34
-1.96
1.67
14.09

2.06
0.77
26.43
1,50
1.23

28.36

1.54*
-11.58

-2.46
-1.52

53459

6.
73.
0.

A

62
49
21

36

-0.66%

-2.

65

.61
.46
.79
.54

« 99
.71
=55
.88

.05
D9
29
«+99
.14

0.96*

=12

o]

-2.
.63

.37

.60
STT

53489

10.
73.
0.

I

21
12
57

44

-0.01%*

=2.

21,
.96
—2.
.45
14.

69

.22
.47
.29
.87

63

01

09

.62
30.
w23
.38

09

=19
538

53519

.49
=51
.23
.49

77

0.25*

-3

14.
20.
~ 1=
.00
14.

-44.

12

.40
.30
.47
.10

60
66
61

79

.97
i 5
.70
25

81

2.47%

=12

29

.14
.48

.99
.01

53549

0.07
6.68
72.14
0.13

0.04%*

-5, 01
3.23

~0.381
0.88
0.28
-2.00

-1z 87
12.88
-2.57

14.67

2.40

1.14
1.15

24.26
-1.67%
-11.64

T893
7.45

-2.68

53579

1.13
7.66
70.81
-0.29

1.66

-1.58
3!/21

.89
.07
115
.66

-03:22
15415
—-2:85

4.31
14.90

2311
35.48
1.26
0.88

60.11
0.83*
-11.87

B.03
9.41

-3.15

53609

3.13
7.10
73.19
-1.03

2.64
0.00
-0.53
-2.20
3:16

0.98
1.03
0.65
1.94
7.30

2,72
17.70
-1.68

4.14
15.33

3:20
37.08
2.06
1,73

57.47
0.64*
-12.19

8:21
8.42

-2..95

53639

131 .17
-0:03
5.40
73. 1L
-1.45

1.18
-0.22
0.26

.21

]

.49
.97
.65
.74

H O OO

1:.91
32.87
—-2.33

3.60
14.95

3:.37
38.62
1.80
1.27

58.90
0.45%*
-12.07

9.59
8.93

-2.36

53674

10:55
-0.70

798
71.72
-1.24

1.58
=0::23
-0.25

2.86

0.68
1.73
0.57
1.80

29,23
=1.71

3.29
15.22

5.05
40.18
0.91
1.25

42.29
0.37*
-10.06

8.47
7.48

-3z03

53704

-1

N o

9.

.86
95
.14
.50
.21

.04
.78
.19

.40

.49
.08
.88
.74

: 93

: 53

.63
15.

26

.16
.29
.44

.04

22

0.37*

.58

.72
<27
.78
.48

53734

10.79
1.91
6.41

76.14
0.10

0.99
-0.09
-0.48

3.14
0.40
0.68
0.29
1.83

8.50
-1.79

2.53
14.90

=

.59

3.82

28.67
1.42
-10.42

8.06
8. 91
-0.96
-3uw35

o



Table 8A. (Cont.)

Lab.

SCL
SG
SG
SG
SMU

SP
SP
SP
SP
SP

Sp
SP
SP
SP
SP

SP
Sp
SP
SU
SU

SU
SU
SU
SU
SU

SU
SU
SU
TCC
TCC

TCC
TCC
TCC
TL
TL

Clock

35
35
35
36
36

19
35
35
35
35

35
35
36
36
40

40
40
40
40
40

40
40
40
40
40

40
40
40
35
35

35
40
40
35
35

1745
1035
1127

522
1193

197
572
641
1188
1531

1642
2166
1175
2068
7201

7210
7211
7218
3802
3803

3805
3807
3810
3822
3825

3827
3831
3837

768
1028

1881
8620
8624
160
300

53399

23.
.70
28.

14.

94.

-18.

=72.
«1.6

.18
sl 9
.30
81

42

17

52

« 52

54

61

21

-40.98~*

76.
-0.

55
71

60.00%*

17.
24.

13
41

62.26%*
32.76%*

45.
-0.
-7

-3
-0.
0.
-7.
7.

57
15
15

51
95
03
14
69

53429

23.
.56
29.

15

97.

=13

1.

.29
.98
.40
.84

47

33

30

w7

74

93

77

-40.95%*

77
0

54
37

60.47%

18.
26.

64.

71
95

34

33.32%*

45.
=1
.94

-3i.
—~0..
—2..
.60
.39

50
13

72
92
56

53459

23.
.57
.02

29

.03
.56
.01
v 31

52

.82
« 26
.46
.57

.37
.10

.18

-41.08%*

78.
0.

04
28

60.62%*

20.
26.

62.

49
46

16

34.27%*

.64
.58
.96

+ 53
.83
.92
.21
.83

53489

23;
+58
29.

w31
.29
.38
. L2

01

22

.16
.66
.05
.28

.72
.22

:93

—-41.33%*

78.
0.

77
28

60.83%*

22.
26.

63.

26
70

64

34.77%*

46.
63
13

-3.
-1.
-3.
.59
.63

22

19
17
54

53519

-62.

23
.79
29.

.85
.11
.06
.66

14
03

02

.42
.60
.42
.49

.16
.87

.43

-41.84%*

79y
0.

11
44

61.07%*

24.
27.

66.

33
38

01

35.69%

46.
=2.
.69

-3
—1.
—3.
.41
82

63
29

17
36
82

53549

=52

22.
«76
29.
22.

15.

-2.
11.

.43
.26
.49
.46

12
97

35
02

13

.79
« 207
1089.

52

55
78

.71

~-41.89%*

79.
1.

58
59

61.13%*

25.
28.

68.

74
12

82

36.24%*

47.
-3
.80

-3.
-2.
-4.
=7.
.23

00
50

56
04
67
50

53579

-1
4

~=57

23

.54
.87

0.
=6z
=0

74
18
45

31

+29

7.
29.
21.

54
94
15

.95
.05
.78
.46
.71

.98
.26

.14
+11

.04
.43

61.19*

27.
28.

94
80

39.02%

47

=7

119
.52
.28

112
+73
.58
.40
.81

53609

=1,
5.
0.
-6.
=0

-60.
.78

27

T2
29.
20.

14.
=0
.03
.19

2
1

116,

15

15.
-90.
.62
-40.

30
49
39
72
49

91
27
17
24
75
43

36

.48

75
74

72

.47
.01

61.27%*

29.
29.

84
57

.40
.60
.30
.89

.17
.76
.68
.56
.72

53639

-69.

14.
=0,
+07
02
120.

12.
17.
=92 ;
al2
-40.

.63
.70
.42
.69
.26

00

.82
28.
1.9

90
72

84
35
07
39
69
65

52

.98
.40

61.34%*

31.
30.

66.
33.
o
.01
-5

47

27
81

57
58

87

.22
.09
.91
.30
.63

53674

i

=66

14.
=0
.86
+3.0
123.

17

81.
4.

02

64

.28
29.
20.

49
64

22
71

68

.82
19.
-99.
5
-40.

58
67
75
49

59
54

61.83*

33.
32.

66.
34.
48.
-3

43
95

65
20
36
21

.58
.72
.71
.33
.05

53704

=1
.08
25
.12
.13

14.
-0.
=37
.94
+81

127

22.
.63
-104.
6
-40.

21

82.

01

«85

.00
26.
20.

93
37

49
52

84

52
15
62

00

61.68%

34.
34.

84
66

.42
.28
.44
i
.81

.~ 93
.42
.93
.78
.38

53734

—1..
.02

0.
=5

5

=71.

14.
-0.
.91
.62
1.31.

27.
23.
-109.
.02
=39

82.

62.
36.
36.

66.
35.
48.
-4.
.79

—2.
-4.
-7.
=6 <
.20

43

71
14

22

.96
28.
21.

27
03

67
34

62

89
57
31

33

87
10
79
25

88
47
66
42

63
49
70
10

iy



Table 8A. (Cont.)

Lab.

TL
TL
TL
TL
TL

TL
TL
TL
TL
TP

TP
TP
TP
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

Clock
35 474
35 809
35 1012
35 1132
35 1498
35 1500
35 1712
40 3052
40 3053
35 163
35 326
35 1227
36 154
15 5561
15 5564
35 101
35 104
35 106
35 108
35 114
35 120
35 142
35 146
35 148
35 150
35 152
35 153
35 156
35 161
35 164
35 165
35 166
35 167
35 169
35 173

53399

21.

2.
.91
-3.
13.

7

-20.
s 1D
12.
33.
~16.

-6.
10.
=11,

-114.

= N OO R

o)

16.

-7.

-12

50
03

24
86

.02
24.
=0
19

85
34
28

90

21
01
74

14
31
09
.49
05

.05

.45
.99
.91
.40

.26

.60

.03

20

.52

62
.18

53429

-20.
.78
11.
32.
-15.

-6

(o T Y i~ o

55
.89
«35
.40
.98

.97
26.
.28
18.

64

19

50

77

38
91

.67
18.
-10.
.49
—=112 .

63
56

91

.77
.85
.56
.19
.12

+59

.38

+ 52

.03

.70

.06
.78

53459

21.
.24
.97
-3,
14.

=21,
.30
11.
31.
-14.

76

27
46

.65
27.
.25
18.

80

93

22

20

40
83

+D3
.24
26
<AL
92

.67
w3
.86
22
.16

.81
.41
226
.98
012

.59
.41
.89
.44
.70

53489

23
1.
7

-4.

14.

15.
.89
.76

=T
=11

18
77
72
02
46

.62
.15
+#21

.69
.14

.16
<05
.86
«17

.43
.36
13
.87
522

.94
.18
.78
- 32
.90

38

57
14

53519

22.64
1.92
8.06

-2.91

14.45

30.71

18.82

13.07
28.86
-16.92

=533
9.95

0.73
6.85
1.85
6.97
8.41

3.53
757
11.49
8.04
4.86

15.82
0.44
4.95

-7.26

-12.03

53549

21
1
4

-3
.48

14

[0 B0 )R ol o ) N ol

15;
.34
.88

-6.
-12.

e 4
.54
- 98

94

.68
30.
.04
18.

55

02

.21
12.
28.

-17.

52
60
79

13

03
7l

.39
: 53
.93
253
/63

.46
.37
.65

69

96
50

53579

22

7

10.

N H oY

16.
.88
.89
=75
=11 .

.54
3.
-10
-2.
14.

24

33
70

.95
33.
Nl
17.

05

29

.90
12 .
28.

—15:2

a3
88
14

:20

43

.02
.93
.95
.78
.78

.03
.05
.50

12

45
62

53609

23
227
.30
~2
14.

—21.
=20
.04

28.
-15.

11

a B (38

ounN LR

36

29
34

.38
34.
.62
18.

34

34

71

03
12

.83

44

.87
.68
= 17
212
e

.44
.10
.92

.95
.44
«D7
.46
.63

53639

22

-2
14

18.

~21...
.68
.09
25.

14

-12

11

o OKN

15.
=0 ;
.62
.78
: 39

-11

.50
3.
6.

33
64

.16
.67

.56
35.

65

18

69

26

=57

.05

« 25

.32
.66
.44
.82
.52

.84
+99
.48
.70
.43

43
42

53674

22
3

9

17.
=21
12.

.86
-12.

23

=5,

11.

NHRPROUON

+B1
50

7
=1,
15;

78
51
18

.38
1.
36.

54
83

24

88

02

87

91

01

.21
.28
.15
«53
.33

.20
.16
.47
.08
DS

.05
.89
.78
#D3
.93

53704

23.
3
sl

7

-3:
15

95
:35

1

38
.44
.71

2
17

=2,

13.
21.
-12,

=5
15.

10.

15.
.85
.63

=54
-115

14
17

62
46

68

33

71
48
26
63

50
19

13

.07
:99
.19
.54
.77

.68
.49
.59

.83

61

94
30

53734

22

14.

-12.

15
#28
.44

-5.
-11.

.89
: 32
.62
=2,
15.

73
41

.72
.75
39.
.76
17.

45

41

: 28

04

58

.61
.18

.94

.43
w79
.45
.29
<97

.37
.95
D

.90

16

82
37

8y



Table 8A. (Cont.)

Lab.

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

USNO
USNO
USNO
USNO
USNO

Clock
35 213
35 2137
35 225
35 226
35 227
35 229
35 231
35 233
35 242
35 244
35 249
35 253
35 254
35 255
35 256
35 260
35 268
35 270
35 279
35 389
35 392
35 394
35 416
35 417
35 703
35 717
35 762
35 763
35 765
35 1096
35 1125
35 1327
35 1328
35 1331
35 1438

53399

-0.
.08
21..
.86

-24

-14.

-4

18.
T
LT

—3.
2.

64

85

.28
.24
.16
.76

<35
.38

.54
.07

.28
.98
.16
.49
.34

+ 65
27
.52
9.
-2.

05

78
92

90

.94
-14.
=6
26.

89
19
21

27
95
50
33
18

53429

=15..
: 57
=155
=65
26.

.44
.56
<71

.55
.80
.60
.39

« 61
.04

.16
.56

.99
.29
.61
.39
.29

.64
.62
T
.44
.43

29

35
02
04

5D 7
.69
.90
.80
.35

53459

-0.
.88
.07

21

10.
26.
-25.
.70
-1.

=15.
.45
.34
-6.
26

-14

64

.19
.19
.20
.70

.91
.10

57
.38

.13
.47
.49
.56
.06

12

86

14

85

42

21
09

.17
.31
.37
.75
.67

53489

=0
21.
.20

~6.
.44
21.
18.

-15.
-4.

=5
25

48
96

28

45
99

.67
+15

=20
.05

.26
.96
.98
.90
e o7 4

«31
.47
~56
.79
.42

14
18

47
64

=65
%32
.66
.14
.96

53519

=1
21
-+ 93

—6..
.67
.50
18.

21

-14.
.44

=5
26.

09
40

36

88

.00
+11

.09
.87

.33
.88
.40
.79
.28

.91
.14
.14
.59

56

92
03

.50
27
.89

.55

53549

0.
=