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NRC: NATIONAL RESEARCH COUNCIL OF CANADA, ottawa, Canada (Fig. 24.a and Fig. 24.b). 

The NRC operated four primary frequency standards (NRC CsS, NRC 61, 62 
and 63) and a commercial caesi.um clock : of these clocks NRC 62 contributed 
for only a short w.hile dur;i.ng \;he period under study . The frequencies 
relative to TAI of the NRC primary standards have large s .teps which figure 
annual variations. These correlate the three clocks: 

i = CsS j = 61 IJij(O) = 0,70 
i = CsS j = 63 IJij(O) = 0,56 
i = 61 j '" 63 .IJlj(O) = 0,5B , 

For these four years, the frequencies of the NRC pr imary standards presented 
small negative drifts by comp'arison with TAI. When drifts are remo ved (Fig. 
24.b), correlations among NRC CsS, 61 .md 63 are more apparent. The re lative 
contributions to TAI of the NRC primary standards were about 0,2%. 
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24.a: general overview, 
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24.b: three primary standards NRC Cs5, NRC 61 and NRC 63 
(removed drift resp. -O,017ns/day2, -0,022ns/day2 and 
-0,069ns/day2). 
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NRLM: NATIONAL RESEARCH LABORATORY OF HETROLOGY, Tsukuba, Japan (Fig. 25.a and Fig. 
25.b) . 

Four commercial caesium clocks kept by the NRLM contributed to TAI. Two 
of them show very large frequency steps in 1989-1990 which reduced their 
weights to zero. Annual fluctuations can be seen for three of the clocks 
operating in 1987-1988 (Fig. 25.b). These induced correlations (a computation 
of cross-correlation coefficients is not safe here, the period of 
simultaneous operation of these three clocks being too short). 
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25.a: general overview, 
25.b: three commercial caesium clocks 12 363, 141632 and 14 906. 
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OP: OBSERVATOIllE DE PARIS, Paris, France (Fig. 26.a and Fig. 26.b). 

A number of commercial caesium clocks (more than 20), kept by several 
French laboratories and in particular by the LPTF (Laboratoire primaire du 
Temps et des Fréquences, Paris), operated under the acronyrn 'OP', The 
overview of Figure 26.a shows the general trend of frequency variation in the 
French clocks: with the passage of time, there are smaller seasonal 
fluctuations and fewer frequency steps. During 1990 the OP clock set 
presented a higher stability and an increasing relative contribution to TAI. 
This can be explained by the effort put into reducing the sensitivity of the 
clocks to variations of humidity (7) and by the improvement in French time 
transfers which are now performed via GPS. 
The frequencies relative to TAI of the four clocks having the longest period 
of continuous operation are shown in Figure 26.b. There is no evidence for 
annual fluctuations, except for clock 14 134, and no evidence for high or 
persistent correlations. 
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ORB: OBSERVATOIRE ROYAL DE BELGIQUE, Bruxelles, Belgium (see section II.4). 

PKNM: POLSKI KOHITET NORMALIZACJI HIAR l JAKOSCI, Warszawa, poland (Fig. 27). 

Four commercial caesium PKNM clocks contributed to TAI during the period 
under study. They had large frequency steps which deweighted them (mean 
relative contribution of order 0,03%) and masked possible seasonal 
variations. No evidence for correlation ls available. 
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PTE: PHrSIKALISCH-TECHNISCHE BUNDESANSTALT, Eraunschweig, Germany (Figs. 1.1, 1. 2 
of section II.1, 28.a and 28.b). 

The PTB operates two primary standards CS1 and CS2 and several 
commercial caesium clocks, four of which were active throughout the period 
under study. An apparent correlation exists between the variations of the 
frequencies relative to TAI of the two primary s tandards, as shown in section 
II.1. This is probably due to the sea sonal fluc tuation of TAI. Some of the 
commercial PT8 clocks also show a seasonal fluctuation, especially in 1987-
1988. This may be séen in the data for clock 14 394 (Fig. 28.b): the 
amplitude peak-to-peak (about 10ns/day ) is l a rger than those for CS1 and CS2 
and is opposite in phase. This conf i rms that a nnua l var iat i ons of the primary 
standards originate in TAI whereas that observed for 14 394 is more probably 
due to its reaction to environmental changes (humidity variations). Though 
these annual variations have different causes, the clock data appear to be 
correlated: 

i = Cs2 j = 14 394 ~ij(O) =-0,66. 
Clock 14 394 was entered in the TAI computation with a mean relative weight 
of about 1,6%. 
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ROA: REAL IIlSTITVTO r OBSERVATORIO DE LA AlI11ADA, San Fernando, Spain (Fig . 29). 

Of a11 the ROl\ parUcipatlng clocks to '1'1\1 , j ust t h.r ee operated 
throughout the perlod under study . They s howed drif t s of both eigns and, for 
one of them (çlock 16 12 1), a n annuai f luctuation can be observsd. The cross­
correlation coefficients are: 

i ~ 141569 j = 16 121 
i a 141569 j = 16 177 
i - 16 121 j = 16 177 

and when drifts are removed: 
i a 141569 j = 16 121 
i - 141569 j = 16 177 
i ~ 16 121 j - 16 177 

This figures that the clocks 
relative to TAI . 

1'1j(0) - 0,52 
1'1j(0) --0,86 
1'1j(0) --0,65 

1.'l~ (O) =-0,J 7 
l' lj( O) - -0 , 54 
1'1j (0) < 0,01. 
a~Q oorrelatod or antlcorrelated by their drifts 

The mean relative contributions to TAI ot these clocks in 1989 were 0,5\ for 
clock 141569, 0 , 4\ for clock 16 121 and 0,1\ for olock 16 177. 
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Fig. 29: FrequencieB relative to TAI of ROA clocks. 

SO: SRJlNQRAI OBSBRVATOIU', Shanghai, P.R. china (Fig. JO). 

Three commercial caesium SO clocks contributed to TAI for the whole 
period under study. They loIere a Hected by drifts Bnd one o f t llem , clook 14 
574, s llowad l a.rga frequency Btaps which dewe i gbted i t (moan re l a tive 
contrIbution o f a bout 0, 06\ ), 1\ correlation e~ists belwee n c locks 16 180 and 
12 997, 1oI1\:.h 1·' l i (0) ~ 0,60 , mainly due te t heir drif t s (respeotlvely 
0 . 045ns /d"y~ a nd (L OJl ns / dRy 2l . Thc.,lr Mean relat.ive weights we';B respecti vely 
0,7% and 0,05\. 
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STA: SligDISH TELf:COHHUHICATIOHS IIDHIHISTRATIOH, stockholm, Sweden (Fig. 31). 

'fWO STII cDmmercial cnealum olocks Dl?erated CDr t h e whole p s rlod under 
etudy, 1\ t h ird etappcd l n hugust USS and 10Ias relntroduced l n ~9B9. There is 
no e vJ donC'Q of s e_l'sonni vDJ:latlorl exccpt for clock 14 9 00 an d no e v i do nco of 
corre la tion ft"'"l1g the STh c l ocl<". Dudng 199 0 , clDck 14 900 h ad a low 
rela t ive we i ght IQ , H') .. hUe C10Cl<9 16 .1.] 7 ano 14~J76 ahowed " gool1 10 ng­
term s t a b.ility and c:ontr Ibute(\ re.pectlvely for 1 . 5\ and L, fit. 
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Fig. 31: Freguencies relative ta TAI of STA clDcke. 

SU: VNIIFTRI, Hoskva, URSS (see Section II.3). 

TAO: TOKYO ASTROHOHICAL OBSsRvATon, Tokyo, Japan (Fig. 32). 

ln the general Dverview cDncerning the TAO clock set (Fig. 32) no clear 
annual fluctuation can be detected. Thie may be linked to the fact that the 
TAO clocks have, sinee severai years, been kept in a temperature- and 
humidity- controlled room. There ia no evidence of correlation. 

Two commercial caesium clocks, 142494 and 141075, operated troughout the 
period under study showing excellent long-term etability. They contributed to 
TAI with the maximum relative weight (about 2,2\ in 19B9). lt ie notice able 
that their frequencies relative to TAI nearly show no variation with tlme, 
specifically they do not allow observation of the TAI "nnual fluctuation. One 
can imagine that they have an individual seasonal variation with a emall 
enough amplitude and an appropriate phase so that TAI eeasonal variation ie 
effectively cancelled . 
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TL: TELECOMMUNICATION LABORATORIES, chung-Li, Taiwan, China (Fig. 33. a and Fig. 
33 .b). 

Five TL commercial caesium clocks contributed to TAI. Two of them, clock 
121145 and 122276, operated continuously throughout the period of study. 
These two showed annual fluctuations and frequ ency steps, partly due ' to noisy 
time links, which deweighted them : their mean relative contributions were of 
about 0,3% for 1989. 
A correlation, with ~ij (0) = 0,75, is observed for clock 31 317 and 122276 
(see Fig. 33.b). 
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TUG: TECHNISCHE UNIVERSITJîT GRAZ, Graz, Austria (Fig. 34.a and Fig. 34.b). 

Three TUG commercial caesium clocks contributed to TAI, each of them 
having a long c ontinu oue operation wh ich covered t he whol e period under 
study. One of them , c lock 18 l OB, s hows a lar g e drift o f abou t 0,42ns /da y2 . 
The freque ncies relati ve to TAI of t he two othe r c locks a r e r e produced i n 
Figure 34.b with a larger scale. Commercial clock 141654 has a particularly 
good long-term stability and contributed to TAI with the maximum relative 
weight for some years. This clock is kept in a t emperat ure -controlled room 
but no other particular precautions a r e taken. So that t h is clock, which is 
rather insensitive to e nvironmental cha nges , may naturally satisfy De 
Marchi's conditions [5J. Clock 12 524 is rnuch more noisy and contributed to 
TAI for 0.6% in 1989. 
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USNO: UNITED STATES NAVAL OBSERVATORY, Washington D.C.,USA. 

Several tens of USNO clocks participated in the TAI 
computation. These included commercial caesium clocks and 
H-masers over different periods of operation. 
The US NO gi ves the opportuni ty to study a very 
interesting case of what one might calI 'fugitive 
correlation': it involves the whole USNO clock set and 
appears only during a short period (November 1989) as if 
a local and brief event had influenced the global 
behaviour of the clocks. Table 1 shows the variations of 
the frequencies, between consecutive 60-day intervals, 
for the complete clock set kept by USNO, for the year 
1989. The reported quantities are: 

(6) 

where T = 60 days and where Bdt) is defined in (1) of 
Section I. 
It may be seen that 21 clocks of the 30 clocks entered in 
the TAI computation have decreasing frequencies between 
September-October 1989 and November-December 1989 (last 
column of Table 1). Such a global variation did not occur 
before in 1989. 
At the bottom of Table 1 is reported the relative weight 
of the complete USNO clock ensemble in TAI computation 
for the two-month period ending at date t, defined as: 

(7) 

where wi(t) is the relative weight of clock i on the two­
month period ending at date t and where ~ operates on the 
USNO clock ensemble. 
The frequency variation given to TAI by the USNO ensemble 
is written as: 

(8) 

and is also reported in Table 1. 
The quantity oCt) increased during year 1989 because the 
number of clocks increased and because the frequency 
variations we are studying here were probably too small 
to deweight to any significant extent the clocks 
involved. The resulting frequency variation ôB(t) is much 
larger in absolute value and is of opposite sign to that 
observed earlier. This fugitive correlation, probably due 
to a short and sharp environmental change, degraded both 
the stability of the local atomic time scale computed by 
the USNO and the stability of TAI. 
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Clock cS'Bd47639) cS'Bd47699) cS'Bd47769) cS'Bd47829) cS'Bd47889) 

142482 5.25 2.73 21.87 18.50 -15.53 
142483 0.91 4.64 7.27 2.42 -1. 98 
142485 -10.84 26.04 -3.04 -11. 21 -27.10 
141117 3.46 16.26 -6.47 -4.41 -17.38 
142314 3.25 2.17 17.47 -13.79 16.64 
142486 4.92 3.57 -26.25 3.69 7.97 
14 116 8.87 2.39 15.96 -17.47 -1.53 
14 583 8.18 19.00 -60.93 14.80 30.05 
142312 15.28 -6.41 -19.15 12.68 0.73 
40 23 4.95 -31. 83 -6.92 123.31 -42.27 
141819 3.17 11.85 2.95 -3.52 -14.31 
14 787 17.06 12.72 -4.41 -0.50 -24.55 
43 8 4.01 13.18 30.28 -64.46 44.88 
142481 24.45 5.82 3.11 3.70 -3.75 
31 339 -6.90 -2.57 10.43 19.90 -14.63 
141028 -43.91 -25.99 -40.44 45.06 21.09 
141362 10.79 -6.27 7.53 0.31 -7.59 
141605 4.08 7.35 2.86 2.41 -7.43 
311034 -7.24 1.14 2.14 4.64 -4.23 
31 335 -5.29 -15.93 10.29 2.56 -2.45 
40 22 49.01 -25.17 -17.82 -13.77 -14.94 
141255 3.96 -1. 07 -0.70 2.80 0.12 
14 656 -4.51 -0.05 4.89 1. 72 2.22 
141710 4.65 -3.52 -2.33 6.19 -7.49 
142488 18.41 -4.71 -1.15 2.49 -8.12 
141305 6.62 -6.32 -4.15 2.67 -1.24 
141846 4.09 3.04 3.72 -4.75 
40 1 -7.08 6.27 -35.37 
141094 -8.70 
141343 9.42 

net) 8% 12% 13% 13% 16% 

cS'B(t) 0.26 0.14 0.21 0.33 -0.59 

Table 1: Variation between two consecutive two-month intervals of 
the frequencies relative to TAI of USNO clocks for 1989. 

cS'Bi(t), net) and cS'B(t) are defined in (6), (7) and (8). 
cS'Bi(t) and cS'B(t) are expressed in ns/day. 
Dates t, expressed in MJD in the table, correspond to: 

MJD 47639 1989 April 23 
MJD 47699 1989 June 22 
MJD 47769 1989 August 31 
MJD 47829 1989 October 30 
MJD 47889 1989 December 29. 
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VSL: VAN SWINDEN LABORATORIUH, Delft, Nederland (Fig. 35). 

Five VSL commercial caesium clocks contributed to the TAI computation, 
sorne of them with discontinuous operation. A number of large drifts are 
present 50 no clear seasonal variation can be detected. The comments made on 
the TUG commercial clock 141654 (see above) apply aiso to one VSL commercial 
clock" 141034, which shows higb stabi~ity and contributes to TAI with maximum 
weight. This aga in migbt be a case of natural De Marçhi's conditions [5]. 
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Fig. 35: Frequencies relative to TAI of VSL clocks. 
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CONCLUSIONS 

Correlations exist in the frequency data of the 
clocks contributing to TAI. They are not reproducible and 
occur both fugitively and indirectly, so that they cannot 
easily be modelized or forecast. It is then very 
difficult to take account of them in TAI computations. 

As correlations among frequency changes are often 
related to environmental variations, one way to reduce 
them is to control their environment, specifically the 
temperature and humidity changes to which they are 
exposed. Another way is to make clocks less sensitive to 
such variations by applying techniques such as that 
suggested by De Marchi [5]. 

It is noticeable that the weighting procedure used 
in the TAI computation helps to diminish the impact of 
some of the existing correlations. As the weight of a 
given clock in TAI reflects its behaviour over the 
previous twelve months, seasonal variations and drifts 
are recognized and lead to deweighting. 

Nevertheless, TAI inherits a low but actual seasonal 
variation. For more precise studies, it may be necessary 
to issue a different time scale in which seasonal 
fluctuations are smoothed out more completely by post­
processing; an a posteriori time scale such as TT (BIPM) 
[9] provides an example of how this may be done. 
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