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3 e f o r e  d e s c r i b i n g  t h e  B I I I  a c t i v i t i e s  on t h e  a tomic  t ime s c a l e s ,  I 
w i l l  p r e s e n t  t h e  new a d m i n i s t r a t i v e  o r g a n i z a t i o n  which w i l l  be  e f f e c t i v e  from 
1988 January 1. T h i s  r e - o r g a n i z a t i o n  h a s  i t s  r o o t s  i n  an  u n s a t i s f a c t o r y  d e c i s i o n  
t aken  a t  t h e  end o f  World War I : a  s h o r t  h i s t o r y  o f  t h e  BIH s i n c e  i t s  coriception 
i n  1919 u n t i l  t h e  s p l i t t i n g  i n  two d i f f e r e n t  s e r v i c e s  i n  1988 w i l l  he lp  i n  t h e  
unders tand ing  o f  a  necessa ry  e v o l u t i o n .  

The 311-1 c u r r e n t  a c t i v i t y  of producing t h e  I n t e r n a t i o n a l  Atomic Time 
T A I  and t h e  Universa l  Coordinated Time UTC has been r e g u l a r l y  pursued and cons i -  
d e r a b l y  improved by t h e  a v a i l a b i l i t y  o f  t h e  t ime  comparisons u s i n g  t h e  GPS. I n  
a d d i t i o n ,  w i t h  a n  improved s t a t u t e  and an i n c r e a s e d  s t a f f ,  we were a b l e  t o  under- 
t a k e  exper imenta l  t a s k s  i n  o r d e r  t o  reduce  t h e  b i a s e s  o f  t h e  t ime  comparisons 
and we p l a n  t o  i n t e n s i f y  t h i s  e f f o r t .  

We w i l l  g i v e  an o v e r a l l  view o f  t h e  p r e s e n t  performances  o f  T A I  
and a l s o ,  by comparisori w i t h  some n a t i o n a l  ti.me s c a l e s ,  show some achieveri~eri ts  
and groblems i n  t h e  r e a l i z a t i o n  o f  t ime s c a l e s .  

HCOIIGA:II%AT'IOi'.I OP' THE B I H  ACTIVlTlES 

A t  t h e  end o f  1987, a f t e r  68  y e a r s  of o f f i c i a l  o p e r a t i o n ,  t h e  
Zureau I n t e r n a t i o n a l  de 1 ' I Ieure  ( Z I I i )  w i l l  c e a s e  t o  e x i s t .  That  docs  n o t  nean 
t h a t  t h e  s e r v i c e s  p rov ided  by t h e  8111 have become u s e l e s s  and a d i l l  d i s a p p e a r .  
On t h e  c o n t r a r y ,  t h e  expansion o f  t h e  BIH t a s k s  has r e q u i r e d  a  d i f f ' c ren t  o rgan i -  
z a t i o n ,  i n  o r d e r  t o  b e t t e r  s e r v e  t h e  i n t e r e s t s  o f  t h e  u s e r s .  

The concept  o f  t h e  HI11 h a s  been l a l d  down by General  F'erriG a t  t h e  
3urcau d e s  Longi tudes  ( P a r i s )  i n  1911, when t h e  dcveloprr~ent of  r a d i o  tirne s i g n a l s  
made p o s s i b l e  and d e s i r a b l e  a worldwide u n i f i c a t i o n  o f  t ime.  I n  October 1912,  
t h e  r e p r e s e n t a t i v e s  o f  16 n a t i o n s  proposed t h e  c r e a t i o n  o f  an  I n t e r n a t i o n a l  
Committee f o r  t ime  and o f  a  c e n t r a l  bureau ,  t h e  H I I I .  Next y e a r  was h e l d  a  d i p l o -  
ma t ic  coriference f o r  p r e p a r i n g  an  in tergoverr lenlenta l  t ime organization, i n  many 
r e s p e c t s  s i m i l a r  t o  t h e  o r g a n i z a t i o n  s e t t l e d  by t h e  meter  conven t ion  i n  1875. 
Ilowevcr, t h e  f i r s t  world war 1914-13 d i d  n o t  a l l o w  t h e  r a t i f i c a t i o n  o f  t h e  t ime 
conven t ion .  



In 1919, different views prevailed, and it was found simpler to 
establish the BIH as a service of the newly formed International Astronomical 
IJnion, IAU, and to locate it at the Paris Observatory (where it had already 
begun to function non-officially). This situation did not change until 1985. 
Although truly international by its tasks, the BIH was increasingly supported 
by the Paris Ohservatory, at a level of more than 90% of its costs in the recent 
years. The hybrid statute of the 13IH has been a constant source of administra- 
tive and financial diff'iculties, the echoes of which being transmitted by the 
"IAU Transactions". It is a pity that the statute of an an intergovernemental 
body, with costs shared by the member states,has not been granted. 

When the BIH was founded, time was the rotation of the Earth, and 
kt remained so until the development of operational cesium clocks, in 1955. The 
role of the BIH was to analyze all the astronomical measures of the mean solar 
time (shifted by 12h in 1925, and dcsigriated as the Universal Time, UT) and to 
issue the best approximation to it. The dissemination of UT was accomplished by 
publication of the UT time of emission of radio time signals. 

Hocrrever, the increasing precision in this basic activity requested 
to know the polar motion, and the BIH began in 1956 to derive its own set of 
coordinates of the pole from the observations. These coordinates became a major 
product of the RIH. Subsequently, the development of the space geodesy techniques 
and of very long base line interferometry for measuring the rotation of the 
Earth, in the 701s, let to consider the problem of the coordiriates of the obser- 
ving stations in a terrestrial reference frame, arid the coordinates of the 
observed object in a celestial reference frame. 

On the other hand, the availability of aton~ic clocks added a new 
branch of activities, which was to compute an atomic time scale by averaging the 
data of atomic frequency standards and atomic clocks. In 1971, the BIII atomic 
time has been promotcd to the function of International Atomic Time (TAI) and 
has gained a large importance in science, technology and public timing. 

The tree of figure 1 shows the development of the BIIl activities. 
The domains encompassed by the BIII are exceedingly large, requiring a staff of 
16 persons (scientists and technicians), too heavy for, practically, a single 
national establishment (the Paris Observatory). It was especially difficult for 
an astronomical observatory with the statutes of an university to guarantee a 
sufficient input of scientists for the atomic time. A reorganization was needed : 
it will be completed on the 1st of January 1988 as follows. 

(a) A new "International Earth Rotation Service", IERS, (tentative name) created 
by the IAU and the International Union of Geodesy and Geophysics will replace 
the Earth's rotation section of the BIII. The ILRS will comprise coordinating 
centers of each observation technique and specific tasks, and a central bureau. 
It will also deal with the terrestrial and celestial references. 'The location 
of the various con~ponents of the IERS is not yet known. 

(b) ?'he responsibility of the International Atomic Time will be given to the 
Bureau International des Poids et rlesures, BIPl'l, where it will get a truly 
intergovernernental support. In preparation for this transfer, the time section 
of the BIIl has been moved to UIPll in 1985. 

(c) The Universal Coordinated Tine, U'l'C, which is '?A1 corrected for an intezral 
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F i g .  1. Evolu t ion  o f  t h e  H L H  a c t i v i t i e s  

number of seconds ,  is o f  course  e s t a b l i s h e d  t o g e t h e r  wi th  1 ' A l  a t  BIPI1. But t h e  
r e s p o n s i b i l i t y  o f  d e c i d i n g  and announcing t h e  occurence o f  l e a p  seconds  w i l l  b e  
g i v e n  t o  t h e  IERS. 

F i n a l l y ,  a f t e r  7'7 y e a r s ,  t h e  wish of  t h e  R I f 1  founders  t h a t  t h e  
u n i f i c a t i o n  o t  t ime be t h e  t a s k  o f  an in te rgovernementa l  body c i r j , l l  be f ' u l f i l l e d .  
P r a c t i c a l l y ,  t h e  changeover o f  r e s p o n s i b i l i t y  i m p l i e s  n o  chanbcs of' s c i e n t i f i c  
p o l i c y  and t h e  u s e r s  of t h e  B I H  s e r v i c e s  on a tomic  t ime w i l l  h a r d l y  n o t i c e  i t .  
However a f i rst  consequence of' t h e  t r a n s f e r  t o  1 3 1 3 1  is an i n c r e a s e  of' the s t a f f '  
and t h e  p o s s i b i l i t y  of' u n d e r t a k i n ~  new r e s e a r c h e s  and a c t i o n s  a s  shown i n  t h e  
f o l l o w i n g s .  

T h i s  p r e s e n t a t i o n  w i l l  be r e s t r i c t e d  t o  t h e  p r e s e n t  a c t i v ~ t i e s  of 
t h e  BII-I/BIPI'I on t h e  a tomic  t ime s c a l e s .  

THE SERVICES P R O V I D E D  BY THE BIH/3IP11. 

The BIl-1/BIPII e s t a b l i s h e s  t h e  t ime s c a l e s  ' I 'AI  arid IJ'TC and p r o v i d e s  
t h e  pr imary means t o  d i s s e m l n a t c  them. IIopinz t h a t  nobody h c r e  h a s  problems i n  
u e t t i n g  t h e  second ,  I w i l l  c o n s i d e r  on ly  t h e  decimal  p a r t  and ,  t h e r e f o r e  T A I  0 

and UTC as e q u i v a l e n t .  



Fig .  2 .  Frequency s t a b i l i t y  of  T A I  

D e f i n i t i o n  o f  TAI 

T A I  i s  a r e a l i z e d  approximat ion o f  an i d e a l  t ime  s c a l e ,  which 
shou ld  be o b t a i n e d  by adding i d e a l  S I  second. Th i s  d e f i n i t i o n  is complemented 
t o  t a k e  i n t o  accoun t  r e l a t i v i s t i c  e f f e c t s  t h a t  w i l l  n o t  be d i s c u s s e d  h e r e ,  
a l though  t h e y  m a t t e r  i n  p r a c t i c e .  

R e a l i z a t i o n  o f  T A I  and UTC 

T A I  is r e a l i z e d  i n  t h r e e  s t e p s  : 

( a )  A s t a b i l i t y  a l g o r i t h m  p r o c e s s e s  t h e  r e a d i n g s  o f  many a tomic  c l o c k s ,  i n  o r d e r  
t o  form an average  i n t e r m e d i a t e  t ime  s c a l e ,  w i t h  a  h i g h  r e l i a b i l i t y .  ? 'his  
a l g o r i t h m  emphazises t h e  l o n g  term s t a b i l i t y  (sample  time over  2 months ) .  

( b )  With t h e  d a t a  o f  t h e  most a c c u r a t e  pr imary f requency  s t a n d a r d s ,  t h e  d u r a t i o n  
o f  t h e  second of  t h e  i n t e r m e d i a t e  t ime  s c a l e  is e v a l u a t e d .  

( c )  T A I  is  d e r i v e d  from t h e  i n t e r m e d i a t e  t ime  s c a l e ,  u s i n g  a f requency  c o r r e c -  
t i o n ,  accord ing  t o  a smooth " s t e e r i n g "  p r o c e s s ,  i n  o r d e r  t o  m a i n t a i n  t h e  confor-  
mity o f  i ts  second w i t h  the  r e a l i z a t i o n  o f  the  S I  second by t h e  pr imary s t a n d a r d s .  
The s t e e r i n g  i s  seldom brought i n t o  o p e r a t i o n .  For  i n s t a n c e ,  s i n c e  1904 February  
29, t h e r e  is a c o n s t a n t  f requency o f f s e t  between t h e  i n t e r m e d i a t e  t ime  s c a l e  and 
T A I .  

The e x t e n t  o f  t h e  p a r t i c i p a t i o n  t o  TAI e v a l u a t i o n  i s  g i v e n  by 
Table  I. To my knowledge, a l l  t h e  c o u n t r i e s  b e l o n g i n t ~  t h e  n e c e s s a r y  equipment 
a r e  members o f  t h e  T A I  c l u b .  The most r e c e n t  r e c e n t  members a r e  I n d i a  and I s r a e l .  

The f requency s t a b i l i t y  o f  TAI supposed a s  b e i n g  t h e  o u t p u t  of  
a f i c t i t i o u s  c l o c k  i s  g i v e n  by f i g u r e  2. T h i s  e v a l u a t i o n  assumes,  o f  c o u r s e ,  
t h a t  t h e  p r e s e n t  l e v e l  o f  n o i s e  o f  t h e  i n s t r u m e n t s  does  n o t  change.  I t  is  sone- 
what h y p o t h e t i c a l  f o r  T over  1 y e a r ,  b u t  shows t h a t  t h e  d e g r a d a t i o n  of t h e  
s t a b i l i t y  by random walk f requency  n o i s e  i s  l i m i t e d ,  on accoun t  o f  t h e  f requency 
s t e e r i n g .  



'I'able I .  P a r t i c i p a t i o n  t o  t h e  T A I  and UTC e v a l u a t i o n  and disscml-  
n a t i o n  i n  August 1986. 

rJumber o f  p a r t i c i p a t l r i g  c l o c k s  192 
i n c l u d i n g  : 175 i n d u s t r j  a 1  ccslum cloclcs 

6 l a b o r a t o r y  primai*y cesium c l o c k s  
11 hydrogen masers 

Number o f  pr imary f requency s t a n d a r d s  10 
Number o f  p a r t i c i p a t i n g  l a b o r a t o r i e s  4 9 
Number o f  p a r t . c  ~ p a t i n g  c o u r l t r i e s  23 

Number o f  n a t i o n a l  mas te r  c l o c k s  f o r  which 
" T A I  - cloc:k1' o r  "UTC - c lock"  i s  published 3 '/ 

i 

The d u r a t i o n  of' t h e  T A I  sccorid :,er.ms t o  be m e ~ i n t a i r 8 d ,  on + 
averages  o v e r  a t  Leas t  two rlonths,  w j t h l n  t h e  lirnii-,s o f  1 - 5 x 10- . 

D i s s e n < n a t i o n  of T A I  and UTC 

The pr imary d i s s e m i n a t i o n  o f  'I'AI and UTC i s  t h e  p u b l i c a t i o n  
o f  c o r r e c t i o n s  t o  be added t o  t h e  r e a d i n g s  o f  t h e  master  c l o c k s  o f  t h e  p a r t i c i -  
p a t i n g  l a b o r a t o r i e s .  These c o r r e c t i o n s  a r e  i s s u e d  a t  10-day i r iCcrvals  i n  B L H  
monthly c i r c u l a r s  ( s e n t  by m a i l  and a v a i l a b l e  i n  f i l e s  o f  t h e  General  E l e c t r i c  
Nark 3 S e r v i c e ) .  'Their u n c e r t a i n t i e s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n .  

Thus t h e  u s e r  who needs  t o  d a t e  a n  e v e n t  i n  'I'AI and UTC w i t h  t h e  
h i g h e s t  accuracy must f i r s t  have a  t ime  l i n k  w i t h  t h e  master  c l o c k  o f  a  n a t i o n a l  
l a b o r a t o r y  o f  t h e  T A I  sys tem,  t h e n  t o  app ly  t h e  B I H  c o r r c c t i o n s .  Ilsual l y ,  f o r  + 
converiierlce, t h e s e  master  c l o c k s  a r c  main ta ined  c l o s e  t o  UTC ( -  5ps ,  f o r  i n s t a n c e )  

Thc l a r g e  number o f  p a r t i c i a a t j n g  l a b o r a t o r i e s  s e r v e s  s e v e r a l  
purposes  : 

- t o  e n s u r e  t h e  v i a b i l i t y  o f  'I'AI and IJTC, 
- t o  op t imize  t h e  s t a b i l i t y  and accuracy  by a p p r o p r i a t e  s t a t i s t i c s ,  
- t o  o f f e r  numerous possibilities o f  a c c e s s  t o  T A I  and UTC and 

t h e r e f o r e  t o  f avour  t h e  u n i f i c a t i o n  of' t ime .  
But t h i s  o r g a n i z a t i o n  e n t i r e l y  r e s t s  upon t h e  p o s s i b i l i t y  o f  p r e c i s e  and accu- 
r a t e  d i s t a n t  c l o c k  comparisons.  

'J'HE HOLE OF TIlE T I r l E  COllPAHISONS A'I' H I H  

Thjis r o l c  1s twof'old : i n  t h e  e s t a b l i s h m e n t  o f  T A I / U ' T C  and i n  
i t s  d i s s e m i n a t i o n .  

( a )  For  t h e  s t a t i s t i c s  i n  t h e  T A I  a l g o r l t h n ~ ,  we use  f requency samples of' t h e  
c l o c k s  and pr imary s t a n d a r d s .  These samples shou ld  n o t  be s p o i l e d  by t h e  
u n c e r t a i n t i e s  of t h e  t ime comparisons.  F o r t u n a t e l y ,  t h e  r e q u i r e d  long term 
s t a b i l - i t y  o f  'SAI  makes p o s s i b l e  t h e  use  o f  a v e r a g i n g  t i m e s  o f  one t c  two months, 
which reduce  t o  an a c c e p t a b l e  l e v e l  t h e  random n o i s e  o f  t h e  t ime compar isons ,  
even w i t h  t h e  LORAN-C and television methods. On t h e  o t h e r  hand, a t imc  l i n k  
which i n v o l v e s  a n  unknown, b u t  c o n s t a n t ,  de lay  docs  n o t  f o r b i d  t h e  p a r t i c i p a t i o n  
o f  a c l o c k  and o f  a  f requency s t a n d a r d  t o  T A T .  
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F i g .  3 .  Time comparison network used by t h e  8IH ( A & .  1986) 

( b )  A s  s t a t e d  b e f o r e ,  t h e  pr imary d i s s e m i n a t i o n  of T A I  is made by t h e  p u b l i c a t i o n  
o f  c l o c k  c o r r e c t i o n s .  Le t  u s  suppose t h a t  t h e  same e v e n t  is d a t e d  by two d i f f e r e n t  
mas te r  c l o c k s  i n  d i f f e r e n t  l a b o r a t o r i e s  A and B .  A f t e r  add ing  t h e  T A L  c l o c k  
c o r r e c t i o n s ,  t h e  two l a b o r a t o r i e s  s h o u l d  a s s i g n  t h e  same T A I  d a t e  t o  t h e  e v e n t .  
I n  p r a c t i c e  i t  is n o t  s t r i c t l y  t r u e ,  and t h e  d i f f e r e n c e  r e f l e c t s  t h e  l a c k  o f  
p r e c i s i o n  and of accuracy  o f  t h e  t ime l i n k  between A and B .  Thus, t h e  p r e c i s i o n  
and accuracy  o f  t ime  comparison impose a l i m i t  t o  t h e  u l t i m a t e  p r e c i s i o n  o f  
r e a d i n g  - o f  T A I .  

l 'he network of t ime comparisons used by B I I J  i n  August 1986 is 
shown by f i g u r e  3. The GPS i s  predoininant and t h e  LORAN-C is on ly  used f o r  a  f e ~ d  
r e g i o n a l  l i n k s ,  where i t  can be v e r y  good. The comparisons u s i n g  t h e  p u b l i c  
t e l e v i s i o n  a r e  s t i l l  employed i n  E a s t e r n  Europe.  

Concerning t h e  GPS, t h e  t ime  comparisons a r e  o rgan ized  u s i n g  
t h e  common view approach,  a s  sugges ted  by t h e  N R S .  One shou ld  r e a c h  a n  accuracy  
o f  abou t  10 ns .  But i t  is n o t  r e a l i z e d  i n  p r a c t i c e .  The d i s c r e p a n c i e s  a r e  mainly 
due t o  wrong c o r r e c t i o n s  f o r  t h e  i n s t r u m e n t a l  d e l a y s  and c a b l e  d e l a y s ,  and a l s o  
t o  bad shape o f  l o c a l  p u l s e s ,  e r r o r s  o f  t h e  g e o d e t i c  c o o r d i n a t c s  o f  t h e  an tennas ,  
e t c .  I n  o r d e r  t o  r educe  t h e s e  e r r o r s ,  t h e  N U S  and t h e  B I I l  have o rgan ized  j o i n t l y  
a v i s i t  of  t h e  US and european l a b o r a t o r i e s  l a s t  October ,  w i t h  a  p o r t a b l e  GPS 
r e c e i v e r  used a s  a  s t a n d a r d  f o r  c a l i b r a t i n g  t h e  d e l a y s .  The f i r s t  r e s u l t s  o f  t h i s  
j o i n t  e f f o r t  a r e  p r e s e n t e d  d u r i n g  t h i s  PTTI Corifercncc (by  Davis ,  Lewandowski and 
Weiss ) .  Up t o  now t h e  N B S  h a s  p r e p a r e d  t h e  common view t r a c k i n g  s c h e d u l e  o r  t h e  



GPS  s a t e l l i t c s .  Th is  r e s p o n s i b i l i t y  has been t rans f e r red  t o  BII1, fo l lowing t h e  
suggest ion made by N B S .  

Concerning t h e  remaining LORAN-C l i n k s ,  we have brought severa l  
improvements : organiza t ion  o f  simultaneous r ecep t ions  of '  t h e  same emissi .ons,  be t -  
t e r  processing,  s tudy o f  seasonal e f f e c t s .  I n  some cases  we have found t h a t  t h e  + 
LORAN-C agrees t o  - 35 n s  (one sigma) w i t h  t h e  C P S ,  over about 10013 km, on 10-day 
averages.  

As a  consequence o f  t h e  use  o f  GPS and o f  t h e  improvement o f  t h e  
LORAN-C, t h e  prec i s ion  o f  reading o f  TAI a s  it i s  ob ta ined ,  and as it can be 
expected a f t e r  precise  c a l i b r a t i o n  i s  : 

obtained expected 
(one sigma) 

For GPS equipped laboratories 50 n s  
For LORAN-C equipped labora tor ies  150 n s  

Much accuracy can s t i l l  be gained. The BIH/BIPT,I w i l l  i n t e n s i f y  t h e  
e f f o r t s  i n  t h e  removal o f  b i a s e s .  

'1'AI AND LOCAL INDEPENDANT ATOP-TIC TIllE SCALES 

Eleven l abora tor i e s  compute atomic t ime s c a l e s ,  which are indepen- 
dent from each o t h e r .  I t  e x i s t s  : 

( a )  na t ional  t ime  s c a l e s ,  based on t h e  c l o c k s  o f  severa l  l abora tor i e s  i n  each 
country  ( D D R ,  France, S w i t z e r l a n d ) :  

( b )  laboratory t ime  s c a l e s ,  f o r  l abora tor i e s  belonging a  sufficient number o f  
i n d u s t r i a l  cesium c locks  or  hydrogen masers ( N B S ,  KGI), H R L ,  S O ,  S U ,  USNO)  ; 

( c )  s ca l e s  produced by a  s i n g l e  h igh  q u a l i t y  "primary" c l o c k ,  i . e .  a  frequency 
primary standard running cont inuous ly  as  a  c lock  ( N K C ,  PY'R). 

The purpose o f  t h e s e  t ime s c a l e s ,  u s u a l l y  denoted by ' I 'A ( lab ) ,  
where l a b  i s  t he  acronym o f  t h e  Laboratory, i s  t o  provide a  very  s t a b l e  r e f e r e n c e  
w i th  much shor ter  delays  than  T A L .  

The comparison o f  t h e s e  t ime s ca l e s  between themselves  and w i t h  
TAI r evea l s  i n t e r e s t i n g  f ea tu re s  and shows t h e  p o s s i b i l i t i e s  and t h e  l i m i t a t i o n s  
o f  t h e  atomic t ime s c a l e s .  Figure 4 i s  drawn w i t h  r ea l  data al though I  k e p t  
anonymity. 

The sca le  TA(1ab A )  i s  g iven by a  s i n g l e  primary cesium standard 
and i s  p r a c t i c a l l y  independent o f  T A I  s ince  it e n t e r s  i n  t he  TAI computations f o r  
about 1% o f  t h e  t o t a l  weight .  One observes 

- a mean frequency d i f f ' e r cncc  over 2 .6  years 
-14 

f ( T A I )  - f' (T~(lab A ) )  = 3 . 0  x  10 

- an annual term w i t h  a  peak t o  peak amplitude o f  about 300 n s .  

A f t e r  removal o f  t h e  l i n e a r  and annual term ( f i g .  5 )  the  agreement 
o f  t h e  two t i r n ~ ~ s c a l e s  i s  good ; the  mean annual frequency d i f f e r e n c e  varying uf 
only  1.3 x 10- on t h e  2.6-year i n t e r v a l .  T h i s  shows how good a  s i n g l e  laborato- 
r y  cesium c lock  can be .  In  add i t i on  t h e r e  are reasons t o  b e l i e v e  t h a t  t h e  annual 
term i s  due t o  t h e  environmental e f f e c t s  on i n d u s t r i a l  c locks  which a f f e c t s  'I'AI, 



F i g .  4. comparison o f  l o c a l  independen t  a tomic  t ime s c a l e s  wi th  T A I  ( s e e  t e x t ) .  
The o r i g i n s  o f  t h e  AT a r e  a r b i t r a r y .  

TAI - TA (1ab.A ) - ramp - annual term 

Fig. 5. Comparison o f  t h e  da ta  of a p r imary  clock ( s e e  t e x t )  with TAI, a f t e r  
removal o f  a f requency  b i a s  an  a  pe r iod ic  annual term.  
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as w e l l  as o t h e r  t ime s c a l e s  based on t h e s e  i n s t r u m e n t s .  

The t ime  s c a l e  TA(1ab B )  is based on a l a r g e  number o f  i n d u s t r i a l  
cesium c l o c k s  o f  a s i n g l e  l a b o r a t o r y .  A s  t h e  f requency accuracy  o f  t h i s  s c a l e  
does  n o t  m a t t e r ,  a l i n e a r  f u n c t i o n  o f  t ime  s removed. An i n t e r e s t i n g  f e a t u r e  -Y2 . 
is  t h e  s h a r p  f requency  change,  by 9.7 x 1 0  whlch o c c u r r e d  between t h e  20 th  
and t h e  3 0 t h  o f  December 1985. Otherwise ,  t h e  t ime  s c a l e  behave ex t remely  w e l l .  
T h i s  type  o f  a c c i d e n t  f r e q u e n t l y  o c c u r s  w i t h  t ime s c a l e s  which a r e  t h e  o u t p u t  o f  
s t a b i l i t y  a l g o r i t h m s .  The a l g o r i t h m s  a r e  op t imized  f o r  random n o i s e .  But r e a l  
c l o c k s  have a l s o  non-random f requency  v a r i a t i o n s .  The b e t t e r  d e t e c t i o n  of  wrong 
c l o c k  behav iour  and subsequen t  a c t i o n  cou ld  be  an  impor tan t  f a c t o r  f o r  t h e  
improvement o f  t ime s c a l e s .  

The n a t i o n a l  t ime  s c a l e  TA(1ab C )  is  based on a number o f  indus-  
t r i a l  cesium c l o c k s  which i s  abou t  t h r e e  t i m e s  smaller than  f o r  l a b  B.  I n  addi-  
t i o n  it i n v o l v e s  d i s t a n t  t ime  compar isons .  With r e s p e c t  t o  l a b  B ,  t h e  n o i s e  
i n c r e a s e s  n o t i c e a b l y .  

T h i s  b r i e f  comparison of t ime s c a l e s  c a l l  f o r  a d d i t i o n a l  remarks .  

. The f i n e  r e s o l u t i o n  o f  GPS t ime comparison o f f e r s  new p o s s i b i l i t i e s  o f  a  b e t t e r  
unders tand ing  o f  t h e  c l o c k s  and t ime  s c a l e s  behav iour .  

-13 . We c o n s i d e r  now as l a r g e  d i s t u r b a n c e s  e f f e c t s  which a r e  below 1 x 10 i n  
r e l a t i v e  f requency.  
. When t h e  utmost  l o n g  term s t a b i l i t y  and accuracy  is needed,  f o r  i n s t a n c e  f o r  
t h e  s t u d i e s  o f  t h e  p u l s a r  t i m i n g ,  it might be i n t e r e s t i n g  t o  t e s t  v a r i o u s  t ime  
s c a l e s  : T A I  and n a t i o n a l  t ime  s c a l e s  ; t h i s  is made p o s s i b l e  by t h e  p u b l i c a t i o n  
by t h e  B I H  of t h e  d i f f e r e n c e s  T A I  - TA(1ab).  I t  shou ld  be p o s s i b l e  a l s o  t o  b u i l d  
i n  r e t r o s p e c t  a n  improved t ime  s c a l e ,  a f t e r  c o r r e c t i o n  of d e f e c t s  which were n o t  
n o t i c e d  i n  t h e  q u a s i - r e a l  t ime  p r o d u c t i o n  o f  t ime s c a l e s .  

ACKNOWLEDGEMENTS 

The BLH/BIPM work c o n t i n u e s  w i t h  t h e  h e l p  o f  a l l  t h e  l a b o r a t o r i e s  
which g e n e r o u s l y  c o n t r i b u t e  d a t a ,  and p rov ide  many f a c i l i t i e s .  We e x p r e s s  o u r  
t h a n k s  t o  them. 

ACRONYMS OF THE LABORATORIES I N  THIS TEXT 

NBS N a t i o n a l  Bureau o f  S t a n d a r d s ,  Boulder ,  USA 
NRC N a t i o n a l  Research Counc i l ,  Ottawa, Canada 
RGO Royal Greenwich Observa to ry ,  Herstmonceux, U.K. 
RRL Radio Research Labora to ry ,  Tokyo, Japan 
SO Shanghaf Observa to ry ,  P e o p l e ' s  Republ ic  o f  China 
SU G o s s t a n d a r t ,  Moscou, USSR 
USNO US Naval Observatory ,  Washington, U S A .  




