Differences of longituce tetvesn chservaicrlies, nitherto restricted Lo
rare exercises involving transport ol Liroh01v*mwo, became practicable
in the mid-18Lko's with the svread of the clectric ielegraph system,

but a new ers of internationa. co-ocveration resulted from the successful
pioneer experiments early in 1829 when radlo signals from Dover,
wngland, were recelved scrose the Channel at 3oulogne, Trance, (1) 1t
was soon realisew that radic signais could be used, not only Tor the
determination of longitude, but also for the disserination of time.

In Septerber 19073 SavyT Degan short-ra lowv—uwower Lransmis-
slong from Favesinik, Tew Jers S ;a in Janvary 1905 inaugurated
regular broadcasts at mlidday Ixperirental gervices cormenced 1in
Germany (JNorddeich) in 1907 dhd in June 1910 details of a regular
service were announced ofliciglly by the Reichs-Marine-Amts. 1in France
the Bureau des Longitudes resclved in 1208 "that o service of time
signals be installed as scon as possible at the Ziffel Tower as an
cxperlimental service Tor the determination of longitudes', and work
started in January 1910, 7t was interrupted when some equipment was put
out of action Ly the Ilocding of the fSeine, and a regular service from
the new installation comrenced officlally on 22 May 1910 "as much in
respect of time as in the defterminastion ol ilongitudes', (L)
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It 1s surely aporopriate te cormend the nerstuicacity of the Bureau des
Longitudes in realiving that = “Lve action should be taken to
rationalive radio time signal ons on g world-wide basis, and

to acknowledge their initistive in arramging & conference in Paris in
October 1912 "to study ways of elflecting practical unification of time,

and to prepare a plan for the organization of an ipternabtional time service

able to meet all needs", (5} Sixteen natLO’s Were revres ented and
following lengthy discussions, sromcsed The setaolisament of & "Cormis-—
sion International de 1'icure' to zccure unifjg leor ol radio time
signals; to ensurc the wunlversal usc of I070: <o creoute an exceoutive
organization, the Zurea. Internaticnal de 'Feure [5BIE) in Paris, with
the task of co-ordinacirg results Srom observatorics and Lo deduce the

most exact time. Discussion of the results was to »e undertaken »y the
Association géodesique internatiocnale at Totsdanm.

m
1

At a Turther meeting held the following year, (6) formal statutes of the
organization, renamed the Assoclation Internationazl de 1'lleure, were
drawn up, (7) but were never ratified owing to the outbreak of war in
Lurope in 1914, TDespite weny difficulties, the BIIl continued to operate,
under the direction of I, XZaillaud, wi*h the invaluable support of

errié, 1n 1972 the Foyal Soclety In London called an Inter—
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international scientific organizations which had existed pre-war., It
was proposed to form national committees which would be Tederated in an
international council. At a Turther session, held in Paris later the
same year, an exccutive committee was formed, and at a third session in
Brussels in July 1919, formel statutes were adopted. One result was

the creation of the Internaticnal Astronomical Union (IAU), which
included in its 32 commissions, number 31, the Cormission de 1'Heure. (8)
The original statutes were taken as a model, and new regulations were
dravn up to bring the Time Commission and the BIH under the auspices of
the IAU, (9) 1t was pointed out, however, that the 1913 conference
"included only 15 astronomers out of 5k delegates, the remainder being
administrators, technicians and others. Conseguently the authority of
the Commission is more limited". Under the TAU, the field of activity
was restricted to astronomical affairs, and ... "it is not in a position
to give authoritative opinlon upon matters of administrative convenience
of different States, as to the needs of seafarers or on techniecal
questions of electrical engineering ...”" (10). Tt was probably a
remanent effect of this attitude which subsequently led such organizations
as the International Radio Scientific Union (URST) and the Internationsal
Radio Consultative Comuittee (CCIR) to take the initiative in questions
involving radio time signal emissions,

When B. Baillaud became President of the Unilon, G. Bigourdan was
appointed Director of the BIH (1 January 1920 until 31 December 1928).
From 1929 to 1965, the Director of the TParis Observatory was "ex

officio" Director of the BIN, and a "Chef des Services' was appointed.

Director Chef des Hervices
Jan., 1929 — Oct. 1929 H. Deslandres A Tambert
Oct. 1929 — 19544 E Esclangon " "
1045 — Sept, 1963 A Danjon Il Stoyko
Oct. 1963 - Sep. 1964 I" Denisse " "
Oct. 1964 - 1965 " " 3 Cuinot

In addition to correlating data on astronomical observations of time,

and on radio time =mignals, the BIIl sponsored an international longitude
operation in 1926, followed by a further programme seven years later.

The results were published: (11) Some anocmalous values were revised,

and international co-operation was [ascilitated. In 1937 combined BIH data
were employed In thne determination of the seasonal fluctuation in the
rotation of the tartn; (12) the amwlitude obtained was less than had

been deduced carliier, (13) although subsequent investigations gave an

even smaller value, (14) Other research carried out at the BIH was
concerned witn gecopnysical phenomena,

At the lInternaticral Telecommunication and Radio Conferences, Atlantic
City, 1947 (13} 1 series of frequencies wes allocated for standard
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frequency services, and in Appendix 2 of the ussccliated Radio Regulations
the International Telecormunication Union (79U) expressed the opinicn
that:— "The addition of tirme signals superimposed on these same broad-
casts is also highly useful and should be included, if possible.” (16)
Among the proposals suonmitted o Study Group 3 ;u&%) ol the CCTIR for
consideration at the meeting in Stockholm in 1948 was a draft recommenda—
tion implementing the Atlantic City initiative, (17, and incorporating
representations by the French aduzinistration that "The co-ordination of
time signals Talls within the competence of the International Committee for
Time; The determination of Universal Tirme ... Talls within the competecnce
of the International Comm’ftbes for Tine.,. the orpanization in charge of
internstional co—ordination of stundard {resuency transmissions can only
be the COTR or & epecisl subcormr “ifec constituted by the TCIR.T 118

The adopbed Recormerdation ¢ 15 zpeci Mleslly renuires (parn 12)

"thav Study Group o 7" (which k over Hhcse rogponginllities from 83/7)
"seek the co—operatioa of the Intarnasional Ceonmittee of Tirme in the
orovision of the Sime service". {13)

At the Royal Greenwich Cuservetory, [(RGC), the

of time had been correczt for the effe cts of }OLdT verigsticon since

1948, anc Tor the ses fluctuation since Cctober 16LY, thus providing
a quasi-smocth time syster "Frovisional Uniform Time" \PUT/. (20) By
1258 the 3T found * L - independent syetems of ccrrection had come
into use among purtlcigating chbzervatoriez, and Lhe resultant problens

2
were diszcussed by the TAT d4 10%3, 2L). Following subseguent corres-—
poncence, @ report vas presarad by . ot . {Zhet des Services, BIL),

in October 1955 setting out the vians for the Introduction of UI'C, UT1 and
UT2, and for the inauguration ol tae Service Tniernational Rapide des
Latitudes (SIR) to compute current extrapolations of the polar motion

to be used in the formation of UT1., Initially the SIR was located in
Turin, but this led to sore delays and the work was undertaken at the

BIH. The number of stations furnishing data increased Trom 4 (1956) to

33 (1965). (22)

Another significant innovatior Sookx mluce In 1933 Tolloving develop—
ment work 1in the United iitates, where The & Sureau 0 Standards
had bullt an stmonla molecular clock in 10w (22) and n bearn
standards had beern constructed, (247 - in ope cas J;.wf‘q cr gix
weeks in 1954 wita an accuracy of +1 in 107, L, Isser and J. Zarry at
the National “hysical Laboratory (NPL) brou%qu an atoric o ;

into regular use in 1955. The caesium transition Irecuency Was
determined as 9 192 €31 830 + 10 in terms of TUZ, (2%, The atomic
standard was then used for the calibration of nuarsz zlocks employed in
the formation of the Greenwich Atomic Time scale (GA). The data were
also made available to the B!l where 4 and ¥ Stovio determined the
progressive retardation in the rate ¢f rotation of the Zarth. (26)
Measures made with the 7L standerd vere then comrared wlish -
the US Naval Qbservatory over the wericd 1933 - 1555, and the




frequency in terms of the second of ephemeris time furnished the now-
familiar figure of 9 192 631 770. The BIH atomic time scale A3, with
initial epoch 1955, based on the results from three independent standards,
NPL (England); Neuch8tel (Switzerland); NBS (USA) was formed from

1 January 1958 (20 h UT) using phase comparisons on VLF and LF. (28,29)
This continued until near the end of 1968, when a few participating
establishments started regular reception of the pulses of the Loran—C
navigation system, and direct time comparisons became feasible.

A further significant advance arose from the pilot scheme for interna-
tional co—operation which was inaugurated between the USA and UK on

1 January 1961. (30) In this scheme the radio time signals followed
the uniform rate of Atomie Time, AT, but since the scale interval of

AT had been chosen to conform to that of ET, it was necessary to apply
an extrapolated frequency offset, reassessed annually to maintain
approximate agreement with Farth rotational time, UT. If an excessive
departure developed owing to an unforeseen change in the rate of
rotation of the Earth, a step adjustment was applied to the radio
signals, The principle of maintaining a constant rate, with step
adjustments, had been in use in the UK since 19Lk, and had become more
effective with the introduction of atomic standards. The USA/UK
co-ordination operated through the informal mutual agreement of the
cbservatories concerned, but other authorities found 1t advantageous to
synchronize with the USA/UK system. Following discussions at the IAU in
1961 (31) the CCIR recommended in 1963 that all time signal emissions
should conform to the co-ordinated system, (now designated UTC), and
that the BIH should undertake the responsibility of promulgating the
frequency offsets (in units of 50 parts in 1010) and the dates and times
of step adjustments (in units of 0.1 s), (32) This action was confirmed
by the TAU in 1964. (33).

It is perhaps Titting at this stage to pay tribute to the work of

N. Stoyko, who joined the BIH 1 November 192k, and carried on the work
after the arrest of A, Lambert 21 August 1943 (died in Germany 15 August
194Y). Cconfirmation of his position as Chef des Services was granted in
1945, and he served with distinction in this capacity for nearly twenty
vears. It was with a real sense of personal loss that we heard of his
death on 14 September 1976.

In 1965 the BIH was reorganized in order to conform with the statutes of
the Federation of Astronomical and Geophrsical Services. The Director
of the Paris Observatory was no longer the ex-officio Director of the
BIH, and B. Guinot became Director of the BIH. A Directing Board was
formed, with two representatives of the IAU, one each from the IUGG

and URSI, and an observer from CCIR: the Director BIH was also a

member ex officio. (34) 1In the past, much of the work of the BIH had
consisted of publishing extensive tables of times of reception of an
ever—increasing number of radio time signals, Due to difficulties

in ensuring prompt receipt of data from some observatories, the
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definitive results only becare avallable many months in arrear. With
most authorities malntaining closecr contrels and conforming to the
co-ordinated system, individual reception times were now of less
interest. Other changes were seen Lo be advantageous, and the various
publications were rationalized and & nmuch accelerated publishing
schedule was introduced. OJrerational procedures wvere modernised, and
greater use made ol computer techniques.

By 1968 considerable dissatisfaction was being expressed concerning the
frequency offset, which cauzed the intervals between successive time
signal pulses to depart Ifrom the second; moreover some world—wide
radio navigation and communication systems experienced great practical
difficulties in malting simultanecus zdjustments Lo “he adspted
frequency offsgez, The CCIR set up =n Irternaticnal Woriing Party, IWP
T/1, tc explore the possibility of zliminsting the c¢lset and making
one—second step adjustments (the latter generally involved no physieal
readjustment, but could be applied arithmetically.) (35) In view of
the wide repercussions of the proposed changes, efforts were made to
publicise the conflieting requirements and to invite opinions on
possible solutions (36).

In 1969 the Loran-C radio—navigation chains made practicable time
comparisons between observatories on a regular basis to a higher

accuracy than had been pogsible using VLF and LT phase measures. The
former BITH scale of atomic time A3 was succeeded by TA (BIH), formed

from the seven independent scales of the Physicalisch-Technische
Bundesanstalt (PTB); US Naval Observatory (USN0O); TA (F), a mean of the
standards at three French establishments; Royal Greenwich Observatory
(RGO ; Netional Research Council (of Canada) (NRC); US National Buresa of
Standards (NBS); Observatory of Neuchfitel (ON), all being linked through
the Loran—C network. (37)

A recommendatlion of CCTR Study Group 7 in 4uy, tnqorue” by the Flenary
Assembly in 1970, (38) pruJo ed the remcval © : inccenvenient offset
from the co—ordinated radic time signals and, wit: the concurrence of the
International Marine Consuwliative Organisation [1MCT) 1138z), to substitute
one-second ster adjustrients. Detalls were specified in Recommendation
517, (39) and the new UTC system was brought inte operation by the 1BIII
following an initial adjustment on 1 January 1972,

In the process of introducing new international units as the basis for
measurements, the International Committes of Yelchts and Measures (CIPM)
was concerned by the wmsatisfactory situstion in which cne of the basic
units, the second, was defined as a specified fracticn of a tine
interval, the day, which was known to be variable in length. In 1956
there was little choice: atomic standards of freauency (and time

U
interval) were rare and might still be rc garded ss unproven; the only

alternative unit was the second of ephereris btime [IT) whicn, by
L] W




definition, is invariable., (LO) It was soon realised that the choice

was an unfcrtunate one, as BT can only be determined

in arrear, and then only with insufficient accuracy for most modern
needs. By 1964 it was realised that atomic standards could be used to
make the ET second accessible, (41) Because of its convenience and
superior accuracy, the atomic definition of the second was formally
adopted in 1968. (L2) The next task was to define and to maintain an
international reference scale of time, 80 the CIPM recalled their
consultative committee (CCDS) to examine the problems and make recom—
mendations. The CCDS had little hegitation in proposing that the exist-
scale of the BIH should be accorded formal recognition, (L3) despite the
fact that the BIH is a service of FAGS (and thus indirectly under the
auspices of the International Council of Scientific Unions (ICSU) whersas
the CIPM is an inter-Governmental organization. The 1Lth General
Conference of Weights and Measures endorsed this arrangement; (Lb) a
representative of the CIPM was invited to assist the Directing Board of
the BIH, and a member of the staff of the International Bureau of

Weights and Measures has been attached to the BIH to participate

in the additional tasks involved. Discussions continue in the CCIR
concerning the UTPC system of radio time signals (particularly on time
codes) (L45) and in the CCDS (particularly on the national legal
implications of the use of UIC). (46) 1In addition, these organizations,
together with the IAU and other interested parties, are concerned with the
manner in which the conflicting requirements of stability, and conformity
of the scale unit with the consensus of primary laboratory standards, can
be best resolved.

Among the important advances that have been made under the Direction of

B. CGuinot, the first concerns the international scale of atomic time, now
designated by the language—-independent acronym TAT. Because of (a) some
doubt as to the strict independence of the seven constituent atomic

scales, which vitiated statistical methods for the combination of data,

and (b) the desire to include information from the maximum number of
establishments possessing atomic clocks and adegquate means for comparing
them internationally, since August 1973 participants have communicated
data from individual clocks. An algorithm (47) in which the clocks are
objectively weighted according to their recent performance, has been
devised, and 18 now being modified to take account of the measures made at
the three standards laboratories:— PTB; NRC and NBS. A step adjustment in
frequency (rate) is scheduled for 1 January 1977, and a modified

algorithm will seek to achieve stability of rate while maintaining the
time interval of TAI (and of UTC) in accord with the consensus of the
determinations of the primary laboratory standards.

Another advance has been made in the formation of the BIH definitive

scale ol UT'1. An improved impersonal method of weighting the astronomical
observations was introduced in 1971 resulting in a significant enhance-
ment of accuracy. (48). In order to meet the special needs of the

space programme in the navigation of deep-space probes, a rapid service
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was ilnaugursted: eacn ccllaporsting observatory reduced the obser-
vations quickly and comrunicated ithe results to the BIH by radioc or
Telex, The data were correlsated and communicated to the Jet Propulsion
Laboratory with mininur delay. The success of the programme (which
was carried out with financial zsslstance Trom JASA), permitted
trajectory correction maénceuvres {reported by letter Fliegel, JPL, to
Guinot, BTH, 9 April 197L) as follows:— "ariner 10 encountered
Mercury within 60 km of the vredicted aiming voint, with the most
accurately deternmined orolt acanieved sc far .... Inprovement in JPL
operations since the inception of the BIii Fapid Service has been
dramatic. Uncertainties in U211 are no longer considered to be a
dominant source oi error in navigation ..."

A notable contribution to astronomical and geophysical research in
recent yvears has been the availability in machine-readable form of

the collated cobservational data received from all participating organi-—
zations. It is unfortunate that this facility 1s not widely known, and
that some research has been carried out using unsuitable data. In all
applications where errors associated with a particular station might

be significant, the 314 data should be employed. It was with the aid
of such material that it was demonstrated that tidal waves and the
diurnal nutation signilicantlv increased the scatter of astronomical
observations of time: the avprorriate corrections were tabulated in
the BIH Annual Report for 1977, (49)

In 1972 the published values ol the coocrdinates of the pole incorporated
data supplied by the Dashlgren Peclar lMonitoring Service (DEMS) of the

US Waval Weapons Laboratory and based on Doppler satellite observations.
(50).

The many developments of the past 1% grs, and varticularly the added
responsibilities of the 2T for the reference scale of atomic time, were
considereda by the - : @ z

m

TAU in 187€, and new iterrms oF reference have oeen
- - 7o . L. Y
recommended., (See Appendix 4.

1t will be apparent thet under s succeszion of deveoted Ulirectors the
BIH has awmply fulfilled tae nopes of tae Tarsighted sclentists who
were responsible for its foundation in 1912/1913. The emergence of
newer technigues of radio astronomy, laser tracking, VLRI and Doppler
ranging of art:ficial satellites confirm the pelief that further
progress nay oe anticipated with confldences, and that the Bureau is
held in the highest esteem and werits continusd surrort, veth
sclentlilic and financial.

il
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APPENDIX A

Revised terms of Reference of BIH
Adopted by IAU General Assembly 2 September 1976

The functions of the BIH shall be

(a)

(a)
(e)

to establish the scale of the International Atomic Time TAI, in
accordance with the decisions of the 14th Conférence Genérale des
Poids et Mesures and in conjunction with the Bureau International
des Poids et Measures;

to establish, from all relevant data, and to publish the current
values of the Universal Time and of the angular velocity of the
Earth's rotation and, in addition, the operstional coordinates of
the pole used for this purpose;

to implement the system of the Coordinated Universal Time UTC by
the distribution of all necessary information for the coordination
of time—signal emissions and the synchronization of clocks on

the UTC scale;

to distribute information important for scientific users of time,
and to supply on request the available data on the subject of time;
to perform scientific research as necessary for the improvement of
the service.
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