
in t h e  mid-1840's wi,t:l tile snread o i '  t i le  c i e c t r i c  ;clegra?k s:y.steri:, 

p i o n e e r  exper iments  earl.jr ir; 1899 ).~.r'nen r'ncllo sTgnal:. ?yon: ilovcr.. 

detcrrninat~or-1 of lonr ; i tur ie ,  C ) ~ i t  zl50 for. 511e Ai:;ser.ination (3::. :ilfie. 
I n  ;;epternber 1:-?C)? ~ i i c  Y . ,? .  :;al.-;- i::e,;ar: s'no~----~-!-. 8.-12i:e lo::-:lc:hre~- +,ransr:lis- 
s i 0 n s  fr01!l ::av-esirlk, -:e:.r ;cr.i;c.,-, , - ,  2.1-d i1-i ;an~t ir ; -  l5lC5 inaugura ted  
r e g u l a r  broadcast..: n t  I L ~ ~ " ~ t L - , -  YL.. . . ,:, - ; ~x;:)eri:lente,!- s e r . , ~ i c e s  cor!lrrienced i n  

Germany (::orddeicil) Irl IS297 arld i n  J;me 1:) c i e t a i l s  o f  a regular 
s e r v i c e  were announced. oi'l'i c i a l l y  'uy. t h e  T?eichs-I.larine-h.its. i n  France 

s i ~ n a i s  be i n s t a l l e d  n.s soon ns p o s s i b l c  a t  t i l o  Zirf'ei Tower a:; an 
cxper i rncnta l  servrice ?or t h e  d e t e r x i r i a t i o n  oi' J _ o n ~ ~ ; l : i t ~ ~ d e s ' ~ .  and wnrk  

I 
- > , 

o u t  o f  ac - t ion  by  tile I'loodlnt; o f  t n e  S e i n e ,  and a  r e g u l a r  s e r v i c e  ?TOT:: 
t h e  new i n s t a l i a t < o r l  corJ-l:enccc; oI'I'lciizll:: or1 :?3 ;?a-r l q 1 0  "as much 'r. 

I . . 
r a t i o n a l i . ~ ?  radio 2 i m c  si i :nal  crr,lsszons on a, ; .rqyld-wj fie b a s i s  - a,nd 

I and t o  p r e p a r e  a, p l a n  I'os t h e  orcaf i?zai ion of url I n t e r n a t i o n n . 1  t ia le  s e rv - i r r  

I - -<"I.. - r ,  <,-,* s ignal : ;  ; to ens i ubc  ti;? ;,i :er:;al d:;~. ;. .. , . ,, ,, i : ~ ' , ?  :<I: exccllr,j 

I o r g a n i z a t i o n ,  renamed t h e  A s s o c i a t i o n  1n tc rna t iona . l .  de  l ' l l e u r e ,  were  
drawn up,  (7) b u t  were never  r a t i f i e d  owing: t o  t h e  o u t b r e a k  o f  wa.r i n  

I 
- ". 

General  Ferric. IK 1"): 5 :he _;loyal .':or,:: et:,~ I r i  London c a l l e d  s.n .I n t . ~ r -  



i n t e r n a t i o n a l  s c i e n t i f i c  organiza t ions  which had e x i s t e d  pre-war. It 
was -proposed t o  form n a t i o n a l  cormnittees which would be i 'ederated i n  m 

same yea r ,  an  execut ive  committee was formed, and a t  a t h i r d  s e s s ion  i n  
Brusse ls  in July 1919, formal s t a t u t e s  were adopted. One rbe:;ult was 
t h e  c r e a t i o n  o f  the  I n t e r n a t l c n a l  Astronomical Union (I,IU) . which 

'The o r i g i n a l  s t a t u t e s  were caken a s  a r ~ o d e l ,  and ~lebi re[-;ulations were 
dra:m up Lo b r i n g  t h e  Tirne Commission and t h e  7 I H  under t h e  auspices  c f  

I 1  ' lncludeii only 15  astronor:~ers out ol" 514 delec:?;ntes, t h e  remainder being 
admin i s t r a to r s ,  t echn ic i ans  and o the r s .  Consequectly t h e  au t l lo r i ty  oi' 
t h e  Commission is more l imi ted" .  Under t h e  I A U ,  t h e  Yield of  a c t i v i t y  
was r e s t r i c t e d  t o  astronomical aL'L'air:;, and .. . "it i s  not  i n  a p o s i t i o n  
-t; o g ive  anlthorit  a t i v e  opinion upor, mat te rs  of admin i s t r a t i ve  convenience 
of d i f r e r e n t  S t a t e s .  as  t o  t h e  needs of s e a f a r e r s  o r  on t e c h n i c a l  

rcrnanent efl'ect of t h i s  a t t i t u d e  which  subsequently l e d  such or.ganizati.ons 
a s  t h e  I n t e r n a t i o n a l  !<adio S c i e n t i y i c  Union (LTRST) and t h c  I n t e r n a t i o n a l  
Radio Consul ta t ive  Committee (CCIR) t o  t ake  t h e  i n i t i a t i v e  in quest ions 
involv ing  r a d i o  t ime s i g n a l  emissions. 

appo i~ l t ed  Direc tor  o r  t h e  BIB ( 1  January 19:X u n t i l  31 Decernber 1926).  
From 1923 t o  1965, t h e  Clircctor oi' t h e  F a r i s  0'o:;ervatory wa.s "ex 
o f f i c i o "  D i r e c ~ o r  of  t h e  BII I ,  and a "Chef dcs Services"  was nppointecl. 

D i r ec to r  Chef des  Serv ices  

,Jan. 1929 - Oct. 1329 H. Deslandres A J,nmbert 
I 1  I I 

Oct. 1963 - Sep. 1964 
act. 1964 - 1965 

A uanjon 
I? Denisse I 1 i 
t l I I 3 Guinot 

I n  a d d i t i o n  t o  c o r r e l a t i n g  d a t a  on astronoxni.cal observat ions o f  t ime ,  
and on r a d i o  tirnc :;ignals, t h e  R l l l  sponsored an international longi tude  
opera t ion  i n  1926, fdllowed b y  a r u r t h e r  proi;ramme seven yea1.s l a t e r .  
T'he r e s u l t s  were publ ished:  ( 1  1 )  Some anomalous values were r ev i sed ,  
and i n t e r n a t i o n a l  co-operation was i a c i l i t a t e d  . In 7 93'7 combined B1H d a t a  
wcre em~loyed  in trle determina%ion o f  t h e  seasonal  f l u c t u a t i o n  In t h e  
r o t a i l o n  ol" t l ie ~ a r t ' n ;  ( l r )  C,:IC ,uz>litude obtained was l e s s  than  had 
bceri deduced e a r l i e r ,  ( 13)  altllou/jrl ~ubsecluunt i nves t iga t ions  ga ue a11 
even srnal l e r  va lue .  ( 1 4 )  Other research  c a r r i e d  out a t  t h e  2IH was 
concerned T, i z c  E;eo3nysical phenomena. 

A t  t h e  l n t e r n a ~ , :  c r e l  Yclecommunication :md Iiadio Canrerences , A t l a n t i c  
C i t y ,  1947 ( 1 5 )  -. ~ e - t e s  a, f requencies  w ~ s  a l loca te(1  f o r  s t anda ra  



- 

. . 
f requency ser- r i .ces ,  a n d  -ir; Lpperid~x 2 ~ f '  t h e  usscclat.c.d Radio Regula t ions  
t he  I n t e r n a t i o n a l  T e l e c o ~ ~ ~ ~ m i c a ~ ~ i o ~ i  lJriion ( - ' i lU)  expressed  the  o p i n i o n  
tha,t :-  "The a d d i t i o n  o? ti:re i.;i;nals si.l::e~inposed on t h e s e  s m e  broad- 
casts i s  a l s o  hik;hly use1';li &?(-, shculd be i.ncluded., ii' p o s s i b l e . "  (16)  
b o n g  t h e  p r o p o s a l s  s e n i t + , e u  5 0  ::tuciy !>YOU;: 3 (SG3) oi' t h e  CCTR f o r  
c o n s i d e r a t i o n  3t t h e  meetink; rn StockhoLr:; i n  19L8 w a s  a d r a f t  recommenda- 
t i o n  irnplementlng t h e  A t l a n t i c  Zit;; i n i t i a t i v e ,  ( 1  7) and i n c o r p o r a t i , n g  
r e p r e s e n t  at i o n s  by t h e  French a&i.nis t r a t  i on that  "The co-ordinat  i o n  o f  
t i m e  signals f a l l s  w i t h i n  the conpet ence o f  t h e  I n t e r n a t i o n a l  CoLxmi.ttee i'or 
Tirne; The d e t e r m i n a t i o n  o f  S 'n ive rsa l  T i n e  . . . 7aLls  ~ r i t h i n  t h e  cocipetencc 
o f  t h e  J n t e r b n a t i o n a i  !:omL%l;ee for. " '  ,me... $he orgar r i za t ion  in charge o f  - .  
i n t e r n a t i o n a l  co-ordinti-Lion aT st:nclnr,i ?'rem:.~erli.; t r an ;~ : :~ i s s i .ons  ca.n only 

.. , cc.;~;.;tj-:lj',e:! b;- t;le 3CTh." ' I 8' bc thc: C Y T E  o:, s, c_:~,-,nc!:.,!. SYL:CO;:..~CC: , 
. . - -  

;i1il- - A  aloy:i;el 9?r.o!.~~es.&?i;ir3:: :;(.: I : ;  ?,?cc:i'c:-~ ..._:,- :fi<-!:iii.t.:; i;?r,l,:: I - , \  - / 
, , - - "thu; Stud37 C;rgux:, lj,:) 7" (i.i&cil t r~o l i :  QV~:. yncsp rGt:.s ;?(;p::::. 2 ;  lit,<es frcr;l :;~1!:) 

"seek khe to -o ;~c~a t ,  (.on cf t h z  ::I:% =r'r,?-;i~nal Cz.~:z~<.t tee r.1 7 Ti.l:,e i r ?  t h e  . . 
; ~ r o T ; ~ s . ; - ~ j ~  gf' 2c)ic -;ixLe zcr.-:.i A ccl' .  ( ? 3 )  

A t  t-be ?'royal Greenwich Cijscrvct."tory, ( 3 G C  ) , ti? 2 a ~ t r c , i : ~ r ! i c a l  cbspr-v-a-:ions 
of ti]::? h a m i  been  cor;-e:f ed fc,r t l lc  cffr:ci,s c!f j:.ola.r. v ~ r a - : i c ~  s i a c e  
l g j + o ,  xlc I-~OI. ,,-, +II.P 1:e:-ds~7n~41 f l . j c ; x 3 r t i ~ ~  2ic;r.e Cct;rjbt.r 192.9, t>!.ijs ~ : r oy i : : i ~ ( ;  

* .  

2. quas i - scoc th  t j r ! . ~  sy::t?r: l ' l ' y ~ ~ - ; ~ ~ . s i ~ t l z l ,  Uri$f'or,r;: Tin?" :?TJT). ( X I )  By 
1951;. - L - L I ' ?  3113 f c m d  :.ha= f u ~ r .  in te~t . : :dent  s;jsser:.s ~ ? e c z ~ - _ r e c t i o r ~ ~  b ~ c i  corri' . . 
i n - t o  use :arlgng -;)art I -.-~;:.a~;i,:ia cb:e;.-- a-: o r i  e s  , sn5 ~ i l e  r . c ~  u:'.tun:: ,rg7.31 1 7 3 ~  

were , : < ~ ~ - , ] . s s ~ d  b:; t ! ~ p  1,?_- j y A  jc1"; , , ,, , : 21.) . ?,>llp~-: ,%, ..ng 3 ubsequl-n.i c o r r c s -  - . .. 
poncence,  rc!porb-L :;;A ;>20~:91-7~1 ::; .. . ;:t C ~ L ;  ( ~ll ; ts j  ties ~ e r v i c t ~ s  , 5::;) , 
i n  October  1955 s e t t i n g  o:lt t h e  :;:ur,s i'(;:-. t h e  I n t r o d u c t i o n  o f  U'I'G, UZ'1 and 
W 2 ,  and Tor t h e  i . n a u g u r a f , l ~ n  si' the S e r v i c e  T n t e r n a t i o n a l  R a ~ i d e  des  
L a t i t u d e s  (SIR)  t o  cornpute cu r r en t  e x t r n p o l a t i o n s  o f  t h e  p o l a r  motion 
t o  b e  uscd Tn t h e  fo rmat ion  o f  LTl.  Initially t h e  SIR was l o c a t e d  i n  
T u r i n ,  but t h i s  led to sorre d e l a y s  and t h e  worlr was under$:-*ken at t h e  
B I H .  The number o f  s t a t i o n s  frnxisi-iLng d a t a  i n c r e a s e d  Trorr. 4 (1956)  t o  
33 (1765) .  (22) 

b o t h e r .  significant l n n o v a t i f i -  ;a?:: --- k:cn 1 ,  .J .,, ., , ' o i l o T ~ f n g  de~.~elo.;j- 

rnent work ir, t h e  TJniteG , .3 ta tes ,  w!iere ;he I.~tIor:c.- >IZ~?FIA (>< SL,tl~d:lrfis 
- .. 

had b u i l t  ur: zt:c::o,zia r:ioiec:,~iar' c locl :  Iz 7.2~':~ . :) ,?~-5, caes!.~~:: bear: 
s t m d a y d s  ;lad beer. consi;r.;c:ed, (24) - i n  o ~ e  cn:;c :,llr,2j:;tr f'cy P : - Y ~  d A A &  

- - weeks i n  1954 srit:i an acc- racy o f  - + I  I n  lo', L. l s s t - n  :JL(:L ,. . 7nrry at 
t h e  Natrional. ?iy:-:icai Labora to ry  (XPL) broug;:i4; 7 2  etar:.i: tl;%;n~:dar.d 
i n t o  r e g u l a r  use  i n  1955.  The c a e s i m  trans<ticj! i  I'reclie::~:; vu:; 
determined a s  9 192 631 830 + 10 i n  t e rms  o f  TL". ' :2:: '  -, 

- . '1-1 a a.t oni c 
s t a n d a r d  was t h e n  used  f o r  t h e  c a l i b r a t i o n  o f  ,::I?:+~; :: :;cZs ernyii~;;ed i n  
t h e  format ion of "cie Greenwich A-Lomic T j ~ e  s c a l e  ( GA) . Tfie d a t a  were 
a l s o  made avaj.1ribl.e t o  t h e  E.:!l where 1. and I.T Sto:-~TG de?;errr,ined Lhc 
p ~ o g r e s s i v c .  r e t a r d a t i o n  r i  ',:re :*ate c;i' ro+,.:.t '.on :,L' t h e  ?:5,r+,h. (26) 
Measures clade ;y~ith tile 1171; s',L7d-r,l li.-eye theYI ,-*r>--,-,q 

. . 
L- , q ,,....2Lred -,,,:.',ti de5n f':*cr, 

. . 
t h e  US Naval ?bserva. toy< c x e r  ',he r e r - - o ~  - 1 9 5 ,  - l > , : E ,  sr.5 L ~ E :  CGCS;LL':- 

:-; I 



frequency i n  terms of t h e  second of  ephemeris t ime fu rn i shed  t h e  now- 
f a m i l i a r  f i g u r e  of 9 192 631 770. The B I H  atomic t ime s c a l e  A3, wi th  
i n i t i a l  epoch 1955, based on t h e  r e s u l t s  from t h r e e  independent s tandart is ,  
NPL ( ~ n g l a n d )  ; ~ e u c h z t e l  ( ~ w i t z e r l a n d )  ; NBS (USA) was formed from 
1 January 1958 (20 h LIT) us ing  phase comparisons on VLF and LF. (28,29) 
This  continued u n t i l  nea r  t h e  end of  1968, when a f e w  p a r t i c i p a t i n g  
es tab l i shments  s t a r t e d  r e g u l a r  r ecep t ion  of  t h e  pulses  o f  t h e  Loran-C 
naviga t ion  system, and d i r e c t  t ime comparisons became f e a s i b l e .  

A f u r t h e r  s i g n i f i c a n t  advance a rose  from t h e  p i l o t  scheme f o r  in te rna-  
t i o n a l  co-operation which was inaugurated between t h e  USA and UK on 
1 January 1961. (30)  In  t h i s  scheme t h e  r a d i o  t ime s i g n a l s  followed 
t h e  uniform r a t e  of Atomic Time, AT, bu t  s i n c e  t h e  s c a l e  i n t e r v a l  of 
AT had been chosen t o  conform t o  t h a t  of ET, it was necessary t o  apply 
an ex t r apo la t ed  frequency o f f s e t ,  reassessed  annual ly t o  main ta in  
approximate agreement wi th  Earth r o t a t i o n a l  t ime,  W. I f  an excess ive  
depar ture  developed owing t o  an unforeseen change i n  t h e  r a t e  of 
r o t a t i o n  of t h e  Ea r th ,  a step adjustment was app l i ed  t o  t h e  r a d i o  
s i g n a l s ,  The p r i n c i p l e  of maintaining a cons tan t  r a t e ,  wi th  s t e p  
adjustments ,  had been i n  use i n  t h e  UK s i n c e  1944, and had become more 
e f f e c t i v e  wi th  t h e  in t roduc t ion  of  atomic s tandards .  The USA/UK 
co-ordination opera ted  through t h e  informal  mutual agreement o f  t h e  
observa tor ies  concerned, but  o the r  a u t h o r i t i e s  found it advantageous t o  
synchronize wi th  t h e  USA/UK system. Following d iscuss ions  a t  t h e  I A U  i n  
1961 (31 )  t h e  CCIR recommended i n  1963 t h a t  a l l  t ime s i g n a l  emissions 
should conTom t o  t h e  co-ordinated system, (now des igna ted  U T C ) ,  and 
t h a t  t h e  BJH should undertake t h e  r e s p o n s i b i l i t y  o f  promulgating t h e  
frequency o f f s e t s  ( i n  u n i t s  of  50 p a r t s  i n  1 0 l 0 )  and t h e  da t e s  and t i n e s  
of s t e p  adjustments ( i n  u n i t s  of  0.1 s ) .  (32)  This  a c t i o n  was confirmed 
by t h e  IAU i n  1964. ( 33).  

It  i s  perhaps f i t t i n g  a t  t h i s  s t a g e  t o  pay t r i b u t e  t o  t h e  work of 
N .  Stoyko, who jo ined  t h e  B I H  1 November 1924, and c a r r i e d  on t h e  work 
a f t e r  t h e  a r r e s t  of A. Lambert 21 August 1743 ( d i e d  i n  Germany 15 August 
1944).  Confirmation of  h i s  p o s i t i o n  as  Chef des Serv ices  was granted  i n  
1945, and he  served  wi th  d i s t i n c t i o n  i n  t h i s  capac i ty  f o r  nea r ly  twenty 
yea r s .  It was wi th  a r e a l  sense oP personal  l o s s  t h a t  we heard o f  h i s  
death on 14 September 1976. 

I n  1965 t h e  BTH was reorganized i n  or6er t o  con for^ w i t h  t h e  s t a t u t e s  of . - 
t h e  Federa t ion  o f  Astronomical and Ce~?k:~~:ca, Services .  The Director.  
o f  t h e  P a r i s  Observatory was no longe r  t h e  ex-of f ic io  D i rec to r  o f  t h e  
BSH, and B. Guinot became Di rec to r  of  t h e  BIH.  A D i rec t ing  Board was 
formed, wi th  two r ep resen ta t ives  o f  t h e  I A U ,  one each from the  I U G G  
and URSI, and an observer  from C C I R :  t h e  Direc tor  B I H  was a l s o  a 
member ex o f f i c i o .  (34)  I n  t h e  p a s t ,  much of t h e  work of t h e  BIH  had 
cons i s t ed  of publ i sh ing  ex tens ive  t a b l e s  of  t imes o f  r ecep t ion  of an 
ever- increasing number o f  r a d i o  t ime s i g n a l s .  Due t o  d i f f i c u l t i e s  
i n  ensur ing  prompt r e c e i p t  o f  data from some obse rva to r i e s ,  t h e  
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d e f i n i t i v e  r e s u l t s  only b e c u . 1 ~  nvn,lable r;,any r ~ o n t h s  i n  a r r e a r .  With 

co-ordinated system, individual r ecep t ion  times were now of' l e s s  
i n t e r e s t .  Other changes were seen Lo be advantageous, and t h e  var ious  

schedule was introduced.  : ;perat ional  procedures were modernised, a n d  
greater use made of computer techniques .  

By 1968 cons iderable  d i s sa t l s i ' a c t ion  was be ing  expres:;ed concerning t h e  
frequency of fse t ; ,  T L T ~ ~ . C ~  C Z U S C U  t h e  Lntervals  Sctveen success ive  t ime 
s i g n a l  pu lses  to i e p a r t  Tron t h e  seccnd; moreover soce world-1.ride 

l'r~qinenc;- o f f  s 5: .  Tilt: C C I 3  set, up ::n 1r.t ernat  i 2 n d  >iorli<r-1g Party, I \ P  

one-second s t e p  adjustments ( t h e  l a t t e r  genera l ly  involved no phys i ca l  
readjustment ,  bu t  could be  app l i ed  a . r i t h r r e t i ca l ly . )  (3>) In view of' 
t h e  wide repercuss ions  of t h e  proposed changes,  e f for t s  were made t o  
p u b l i c i s e  t h e  c o n f l i c t i n g  requirements anti t o  i n v i t e  opinions on 
p o s s i b l e  s o l u t i o n s  ( 36) . 
I n  1769 t h e  Loran-C r ad io -nmlga t i on  chains made p r a c t i c a b l e  t ime 
comparisons betireen observatori .es on a r egu la r  h a s i s  t o  a  h igher  
accuracy than  had been poss ib l e  us ing  'JLF ~ m d  Lli' phase measures. The 

from t h e  seven independent s c a l e s  of t h e  Fhysicalisch-Technische 
Bundesanstal-t (PTB) ; US Kaval Observatory (USNO) ; TA (F) , a mean of t h e  
s tandards  at t h r c e  French e s t a b l i s l m e n t s ;  Royal Greenwich Observatory 
(RGO)  ; ~ a t i o n a l  Research Council (o f  Canada) (NRC) ; US [ i a t i ona l  B u r u u ~  cf  
Sta:idsrd.z (NBS) ; -7bse:v;itoly o f  :ie~i.c!:;tel ( O X ) ,  ~1.1 being  1-nked. '~hrough 
t h e  Loran-C network, (37) 

A recomendat ior ,  of CCTE! S?;:ld:; l:.;ro.~; '7 lx 1'305, encic;rse,? b y  t h e  Plenary 
Assembly i r ~  1970, ( 383 prclr~osed z:?e 1-er.lcval 31. f;.?i~1. inr~nverl l lent  off set 

/ .  , , I n t e r n a t i o n a l  !,lar$i.ne Cnn~-L;l . ta~~i-re  3 rcm5sa t io rA  ,L, :Cf .  . '38e)y t o  s u b s t i t u t e  
. . . 

one-second s t e ~  adjustments. 3et  a i l s  xere  spec-i'ler. i 1: i?ecomerldatlon 
517, (39) and t h e  new U':C :;:jster:: siras 'crowTht intcj ol7era";on bbv t h e  3111 

I n  t h e  process  of in t roducing  new i n t e r n a t i o ~ a l  u n i t s  as t h e  b a s i s  f o r  
measurements , t h e  I n t e r n a t i o n a l  Comiitt  ee o ",,;el g h t  s  arid b:easur es ( CIPM) 
was concerned by t h e  u n s a t i s f a c t o ~  s i t ' ~ s t i o r ,  L:1 ,,l,ic!> cne of t h e  b a s i c  . . -  
u n i t s ,  t h e  second, was def ined  a:; a s g e c ~ f ~ e c ;  .I':.a-tisn 01' a t i n e  

. . -  . . 
i n t e r v a l ,  t h e  day, which jsas knom 5 3  '3 e 74rar: .at~~n l n  I.engti~. Ir, 1356 
there was l i t t l e  choice:  :i-to~r,ic s t m a a r d s  c f  f:-~?-~er,r;: :and t i ~ n e  

> - i n t e r v a l )  v e r e  r a r e  (and n igh t  sx i l l  3e rcgaraec  LS Gn7roven; t h e  n c l y  
a l t e r n a t i v e  unit was t h e  second o f  e:j:ierrel-i~ sirrle (zT''; b;fr 



d e f i n i t i o n ,  i s  i nva r i ab l e .  (40) It w a s  soon r e a l i s e d  t h a t  t h e  choice 
was an un fc r tuna te  one, as ET car1 only be  determined 
i n  a r s e a r  , and then  only wi th  i n s u f f i c i e n t  accuracy f o r  most modern 
needs. By 1964 it was r e a l i s e d  t h a t  atomic s tandards  could be used t o  
make t h e  ET second acces s ib l e .  (41)  13ecause of  i t s  convenience and 
s u p e r i o r  accuracy, t h e  atomic d e f i n i t i o n  o f  t h e  second was formally 
adopted i n  1968. (42 )  The next  task w a s  t o  def ine  and t o  main ta in  an 
i n t e r n a t i o n a l  r e f e rence  s c a l e  of t ime ,  s o  t h e  CIPM r e c a l l e d  t h e i r  
c o n s u l t a t i v e  cornnittee (CCDS) t o  examine t h e  problems and make recom- 
mendations. The CCDS had l i t t l e  h e s i t a t i o n  i n  proposing t h a t  t h e  e x i s t -  
s c a l e  o f  t h e  BIH should be accorded formal r ecogn i t i on ,  (43)  d e s p i t e  tlne 
f a c t  t h a t  t h e  BIH  i s  a  s e r v i c e  o f  FAGS (and t h u s  i n d i r e c t l y  under t h e  
auspices  of  t h e  I n t e r n a t i o n a l  Council of S c i e n t i f i c  Unions (JCSU) whereas 
t h e  CTPM i s  an inter-Governmental organiza t ion .  The 1 4 t h  General 
Conference of  Weights and Measures endorsed t h i s  arrangement; (44) a 
r e p r e s e n t a t i v e  of t h e  CIPM was i n v i t e d  t o  a s s i s t  the Direc t ing  Board of 
t h e  B I H ,  and a member of t h e  s t a f f  of t h e  I n t e r n a t i o n a l  Bureau of 
Weights and Measures has been a t t ached  t o  t h e  BIH t o  p a r t i c i p a t e  
i n  t h e  a d d i t i o n a l  t a s k s  involved.  isc cuss ions cont inue i n  t h e  CCIl? 
concerning t h e  Ul'C system o f  r a d i o  time s i g n a l s  ( p a r t i c u l a r l y  on t ime 
codes) ( 4 5 )  and i n  t h e  CCDS ( p a r t i c u l a r l y  on t h e  n a t i o n a l  l e g a l  
impl ica t ions  of t h e  use of  U T C ) .  ( 46 )  I n  a d d i t i o n ,  t h e s e  o rgan iza t ions ,  
t o g e t h e r  wi th  t h e  I A U  and o the r  i n t e r e s t e d  p a r t i e s ,  a r e  concerned wi th  t h e  
manner i n  which t h e  c o n f l i c t i n g  requirements of  s t a b i l i t y ,  and conformity 
of t h e  s c a l e  u n i t  w i t h  t h e  consensus of primary l abo ra to ry  s t anda rds ,  can 
b e  b e s t  resolved.  

Among t h e  important advances t h a t  have been made under t h e  Direc t ion  of 
B. Guinot , t h e  f i r s t  concerns t h e  i n t e r n a t i o n a l  s c a l e  of  atomic t ime ,  now 
des igna ted  by t h e  language-independent acronym TAI. Because of  ( a )  some 
doubt a s  t o  t h e  s t r i c t  independence of t h e  seven cons t i t uen t  atomic 
s c a l e s ,  which v i t i a t e d  s t a t i s t i c a l  methods f o r  t h e  combination of  d a t a ,  
and (b) t h e  d e s i r e  t o  inc lude  information from t h e  maximum number of 
es tab l i shments  possess ing  atomic clocks and adequate means f o r  comparing 
them i n t e r n a t i o n a l l y ,  s i n c e  August 1973 p a r t i c i p a n t s  have comnunicated 
da t a  from ind iv idua l  c locks.  An a lgor i thm (47)  i n  which t h e  clocks a r e  
o b j e c t i v e l y  w e i a t e d  according t o  t h e i r  recent  performance, has  been 
devised,  and i s  now be ing  modified t o  t a k e  account of  t h e  measures made at  
t h e  t h r e e  s t a n d m d s  l a b o r a t o r i e s : -  PTB; NRC and NBS. A s t e p  adjustment i n  
frequency (rate) is  scheduled f o r  1 January 1977, and a  modified 
a lgor i thm w i l l  seek t o  achieve s t a b i l i t y  o f  r a t e  whi le  maintaining the. 
t ime i n t e r v a l  of  TAI (and o f  UTC) i n  accord wi th  t h e  consensus of t h e  
determinat ions of t h e  primary l a b o r a t o r y  s tandards .  

Another advance has been made i n  t h e  formation of t h e  BIH d e f i n i t i v e  
s c a l e  of' UT1. An improved impersonal method of weight ing t h e  astronoci ical  
observa t ions  w a s  introduced i n  1971 r e s u l t i n g  i n  a s i g n i f i c a n t  enhance- 
ment of accuracy. (48) .  I n  o rde r  t o  meet t h e  s p e c i a l  needs of t h e  
space programme i n  t h e  naviga t ion  of deep-space probes,  a r a p i d  s e r v i c e  



w a s  i n a u g u r a t e d :  eat:] ccl la2or .ut i .ng oobsevazory reduced the obser-  
v a t i o n s  q u i c k l y  and c o r x w l i c a t e d  - h e  results t o  t h e  B I H  by r a d i o  o r  
Te lex .  The d a t a  were c o r r e l a t e d  and comiunicated t o  t h e  Jet P r o p u l s i o n  
Labora to ry  i . 7 i t 2 1  r:lininw- rle;a;>7. ?lie s u c c e s s  o f  t h e  p r o g r a m e  (which 
was c a r r i e d  ou t  w i t h  f i n a n c i a ;  a s s i s t a n c e  ?'?or IJASB) , p e r m i t t e d  
t r a j e c t o r y  c o r r e c t i o n  c;anoeuv-res ( r e p o r t e d  b;. l e t t e r  F l i e g e l ,  J P L ,  +n 

Guinot ,  B T 3 ,  9 i"lr;rj l 19'11) 6s I'~:lorv.s :- ' I . "  l a r t n e r  12 encountereu 
Mercurj  w i t h i n  6:: h n  ci' t l ie  ; r e d i c t e a  u i ~ j . n g  ;;oint, w i t h  t h e  most 
a c c u r a t e l y  d e t e r r ~ i n e d  o r b i t  acii ieved s c  fa- . . . . Triproveaent i n  ;PI. 
o p e r a t i o n s  s i n c e  t i l e  i n c c ~ t : ' , o n  oi' t i le  XII ?,zpi(? Ser-"rice has .been 
d ramat ic .  ; ' n c e r t a i n t i e s  i n  :'Y 1 a re  rlc j  l o n g e r  considered t o  b e  a 
dominant s o u r c e  oi' e r r o r  in navigat  " i o n  ' . . . I t  

A n o t a b l e  c o n t r i b u t i o n  t o  a s t r o n o m i c a l  and geophys ica l  r e s e a r c h  i n  
recen t  y e a r s  h a s  been t h e  a v a i l a ' u i l i t y  i n  machine-readable form of  
t h e  c o l l a t e d  o b s e r v a t i o n a l  d a t a  r e c e i v e d  frorr. a l l  n a r t i c i p a t i n g  org---I 
z a t i o n s .  It is u n f o r t u n a t e  t h a t  t h i s  f a c i l i t y  i s  not, wide ly  known, ,,, 
t h a t  some r e s e a r c h  h a s  been c a r r i e d  ou t  u s i n g  u n s u i t a b l e  d a t a .  I n  a l l  
a p p l i c a t i o n s  where e r r o r s  a s s o c i a t e d  w i t h  a p a r t i c u l a r  s t a t i o n  m;lrh+ 
be s i g n i f i c a n t ,  t r ie 313 d a t a  shou ld  b e  e r ~ j l o y e d .  It was w i t k  .._- 

o b s e r v a t i o n s  o f  t ir :~e: the a n p r o c r i a t e  c o r r e c t i o n s  were t a b u l a t e d  i n  
t h e  BIH Annual Report  f o r  197:. (49) 

I n  1972 t h e  p u b l i s n e d  v a l u e s  or t h e  c o o r d i n a t e s  o f  t h e  p o l e  incorporateci  
d a t a  auppl ief i  *by t h e  3 a h l g r e n  P o l a r  I b n i t o r i n g  S e r v i c e  ( D P ~ E )  n+' +h- 

US Xaval Yeapons Lczboratory m d  based  on Doppler s a t e l l i t e  ob,,, . uuLuLla. 

(50). 

BIH has  axply t u l f ' i l l e a  -,:le rlopes o? tile 'ar.rx d-;$ted s c i e n t i s t s  who 
were r e s ~ o n : ; i b l e  ?or. i t s  founda t ion  i n  19 l;/l$! 13. The err~ergerlce of 
newer techni.aues oi' r a d i o  B S ~ T ' O X O ~ I ~ ~ ~ T .  ~ ~ S P T  t r : > r i r i n r r  in2i- 3 n r 7  r ~ f i - 7 - 7 ,  

p r o g r e s s  ma;. e  a n t i c i - p a t e d  wit:] co~,:- i- ' idenc~, aid the R l l r = - , l  ;- 

h e l d  i n  t h e  h ig l l es t  e s t e e n  ,mu s e r l z s  cox',:-,ued s .~?:  ,-orT, ,,,,, 
A A 

s c i e n t i l ' j  c anti f i n a n c i a l .  



APPENDIX A 

Revised terms o f  Reference of BIH 
Adopted by I A U  General. Assembly 2 September 1976 

The func t ions  of t h e  BIH shall be 

(a) to e s t a b l i s h  t h e  s c a l e  o f  t h e  I n t e r n a t i o n a l  Atomic Time TAT, i n  
accordance wi th  t h e  dec is ions  of the 14th ~ o n f g r e n c e  dengra le  des 
Poids e t  Mesures and i n  conjunct ion wi th  t h e  Bureau I n t e r n a t i o n a l  
des Poids e t  Measures; 

(b) t o  e s t a b l i s h ,  from a l l  r e l evan t  d a t a ,  and t o  publ i sh  t h e  cu r r en t  
values of t h e  Universal  Time and of t h e  angular  v e l o c i t y  o f  t h e  
E a r t h ' s  r o t a t i o n  and, i n  a d d i t i o n ,  t h e  ope ra t iona l  coord ina tes  of 
t h e  pole used f o r  t h i s  purpose; 

( c )  to implement the system of  t h e  Coordinated Universal  Time UTC by 
t h e  d i s t r i b u t i o n  of all necessary i n f o m a t i o n  f o r  t h e  coordinat ion 
of  t ime-signal  emissions and t h e  synchronizat ion of c locks on 
t h e  UTC s c a l e ;  

( d )  to d i s t r i b u t e  information important f o r  s c i e n t i f i c  u s e r s  o f  t i m e ,  
and t o  supply on reques t  t h e  a v a i l a b l e  data on t h e  sub jec t  of t i m e ;  

( e )  t o  perform s c i e n t i f i c  research  a s  necessary f o r  t he  improvement of 
t h e  se rv i ce .  
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