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It transpired that the difficulties were still being underestimated. Despite an immense 
amount of hard work on the part of dedicated individuals. of the four long-establishcd 
working groups dealing with specifie problem areas, and of an additional ad hoc 
working group that met thrce times to discuss and assess ne\\' developrncnts and 
proposais. there wcre still questions ta be resolvcd and deeisions ta be taken at the 
meeting of the CCT itself in September 1989. 

That this process was 50 lengthy a one, despite the hard work of so many people. 
was a consequence of the number and extent of the changes and innovations that 
were required if the ITS-90 was ta avoid many of the 5hortcomings of its predecessors. 
The more important of the sc arc that the ITS-90 : 

- extends ta lowcr temperatures. 0.65 K instead of '" 13.8 K of thc IPTS-68. and 
hence also replaces the EPT-76 from 0,65 K ta 30 K, 

Îs in doser agreement with thermodynamic tempcratures, 

- has improved continuity and precision, 

- has a number of ovcrlapping ranges and sub-ranges. and in certain ranges has 
alternative but substantially equivalent definitions, 

- includes new versions of the helium vapour-pressure scales \vhich are not merely 
recommended but are an integral part of the Seale. 

includes agas thermometer, ealibrated at three fixed points, as one of the 
defining instruments, 

- sets the upper limit of the platinum resistance thermometer uscd as a defining 
instrument at the freezing point of sil ver ("" 962 T). replaeing the 630 OC limit of 
the IPTS-68, 

- has eliminated the Pt-IO %Rh-Pt thermocouple (which has an aecuraey of. at 
best, 0,2 'C) as a defining instrument of the Seale (and thus has also eliminatcd the 
slope diseontinuity whieh existed in the IPTS-68 at 630 OC, the junetion between the 
platinum resistance thermometer and thermocouple ranges), 

- has set the lower limit of the range based upon the Planck radiation law at 
the freezing point of sil ver instcad of at the freezing point of gold. and allows any 
one of the silver, gold or copper points ta be sclected as the reference point for this 
part of the Scale. 

One of the guiding principles in setting up the ITS-90 was that it should allow 
the user as much choice in its rcalization as was compatible with an accurate and 
reproducible scale. For this rcason the scale includes many sub-ranges; within ail 
cxcept one of thesc T 90 is defined independently of calibration points outside the 
range. Thus, if a platinum rcsistance thermometer is to be calibratcd over the whale 
of the low temperature range from '" 13.8 K ta 273.16 K. ail of the eight calibration 
points in that range must be uscd: if. howe'vcr. a calibration only in the range from 
the triple point of argon 84 K) ta the triple point of water is required. then only 
the three calibration points in this range are needed. 84 K, '" 234 K (Hg triple 
point) and 273,16 K. Similarly, in the range above 0 'c, a thcrmometer may bc 
calibrated from 0 'C ta 30'C using just the triple point of water and melting point 
of gallium. This last range olTers the simplest possible way of achieving the highest 
accuracy thermometry in the room tcmpcrature range; it ailows the user to avoid 
the trouble and expense of setting up calibration points al tempe ratures outsidc the 
range of interest (as far as 419 oC or higher for ail eartier scales). and in addition it 
allows the thermometer itself ta be maintained under the best possible conditions by 
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not rcquÎring it to be hcated significantly above the temperature of normal use. The 
price that is paid for ihis uscful flexibility În the Seale is the presence of a certain 
level of sub-range inconsistency and increased non-uniqueness compared wÎth a scale 
having no overJapping ranges or sub-ranges. At present this Joss of precision is very 
slight, as it is substantially rnasked by the irnprecision resulting from dill'crenees 
between thermometers, in particular the platinum resistancc thermometers. IL in the 
future, better manufacturing procedures substantially reduce these difTerences, it may 
be advisable ta modify the sub-ranges (perhaps c1iminating the 24 K ta 273 K one) 
and ta replace one of the calibration points (the execllently-positioned but difficult­
to-realise xenon triple point may replace the current badly-placed but readily realized 
mercury triple point). 

Two perccived, but hardly justified. criticisms of the ITS-90 when compared with 
the IPTS-68 are its increased eomplexity (for example 17 in place of 12 defining nxed 
points) and ils increascd cast of realization (a resistance thermometer in place of a 
thermocouple) in the 630 oC ta 962 oC temperature range. 

With regard ta complexity. the ITS-90 requires 12 fixed points (othcrs arc optional) 
to coyer the full range of the IPTS-68 (which itself required 10 points. 2 being 
alternatives), and the ITS-90 pro vides greater precision (much greater, by a factor of 
the arder of fifty. in the 630 OC ta 962 OC range). Moreover. the ITS-90 has a lower 
limit of 0.65 K. rather than the 13,8 K of the IPTS-68, and thus also replaces the 
EPT-76 scale and its Il (7 additional to those of the IPTS-68) nxed points. lt should 
also be remembered that in many cases the sub-ranges of the ITS-90 allow the use 
of fewer nxed points, down ta a lower li mit of two, than is the case for corresponding 
measurements of the IPTS-68. 

The cast of the high tcmperature platinum resistance thcrmometer and its calibration 
up ta 962 oC, with its resulting fifty-fold increase in accuraey, is indecd mueh greater 
than that of the corresponding Pt-Rh/Pt, 630 OC ta 1064 oC, thermocouple calibration 
on the 1 PTS-68. However, there is now available an Au.Pt thermocouple to caver 
the 630 OC to 1 000 oC range; this, alhough a secondary instrument, pro vides a five 
ta ten-fold increase in accuracy up ta 962 oC and in precision up to 1 000 oC over 
the primary instrument of the 1 PTS-68. It seems Iikcly that a palladium.platinum 
thermocouple will in the future be av ail able, with a precision approaching that of 
the Au/Pt and a range up ta at least 1 200 oc. These thermocouples arc bath. 
comparatively speaking, low-cost instruments. Thus a substantial increase in accuracy 
over that of the IPTS-68 is available at no inerease in cost. while a further substantial 
inerease in bath accuraey and eost is found in the ITS-90 itself. 

The last important output of the CCT that 1 rcferred to earlier is the two 
supporting documents ta the ITS-90. The Supplementary In{ormation làr the ITS-90 
gives, in greater depth and - 1 think - in a more readily assimilable form than 
was the case for its predece~sor, the practical details and supporting information 
required by a thermornetrist who desires ta make measurements of the highest possible 
accuracy. The document Techniques for Approximaûng the ITS-90 is directed to the 
ninety or 50 per cent of thermometrists for whom chcaper and more conventional 
measuring methods sumce. These two documents. which we expect to be updated at 
five- to tcn-year intervals. constitute betwecn them a vade-mecum suitablc for nearly 
ail temperature measurcmcnt problems (exotic ones, such as measuring plasma 
temperatures in the millions of degrees or measuring the tempera turc of a rapidly 
eooling single nylon thrcad. arc not addressed). 
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The IPTS-6R was adopted in response to an urgent requirement to extend 
substantially the lower Iimit of the IPTS-48 (the change was from - 90 K to - 14 K). 
At the time of its adoption it \Vas known to he unsatisractory in many respects. and 
sinee 1971 the CCT has been cngaged in preparing a replacement. The earlier. rather 
deliberate, pace of progress became [rcnetie during the last fnv years. It should now. 
for a period at least. slow down cnormously. As T mentioncd carher. rcvisions of the 
supporting documents will be required pcriodically, while requirements by thermometrists 
for incrcased precision may require minor adjustments to the ITS-90. Thcrc is as yet 
no useful, simple way of checking the quality of a platinum resistancc thermometer: 
meeting the rcquircmcnts incorporated in the TTS-90 are a ncccssary but not a 
sufficient indication of quality and better ones should he searched for. And wc are, 
and will continue ta be. anxious to improvc our rather uncertain knowlcdge of the 
numerical relation bctween the International and the thermodynamic temperature 
seales. These and similar matters \vill eommand the future attention of the CeT, 
whieh 1 expeet will hold meetings at intervals of four ta six years for the next littlc 
while, with the various working groups continuing to pro vide. compile and report on 
relevant information in the intcrvals. 

At the close of his report Dr PREsTo'J-THoMAs wished ta pay particular 
trihute ta the efforts of members of the Working Groups set up by the 
Comité Consultatif de Thermométrie. In his opinion it was thanks to the 
substantial amount of work carried ou! by these groups tha! it had been 
possible to realize a scale which is a great improvement on the previous one 
and which would not need ta be modified for a long time to come. He was 
truly grateful ta the members of these Working Groups, sorne of whom were 
taking part in the present Conference. 

He then read Draft Resolution C on the International Temperature Scale 
and future work in thermometry. 

The presentation of this report elicited no comments or discussion. 

12. Photometry and radiometry 

Dr BLEVn.;, President of the Comité Consultatif de Photométrie et Radiométrie, 
was then asked to present his report. 

Sinee the 18th CGPM. the CCPR has met twiee at the BIPM: The first occasion 
was a special faet-finding meeting on optieal fibres, held on JO September 1988 jointly 
with the Working Group on Radiofrequency Quantities of the Comité Consultatif 
d'Électricité (CCE-GTRF). The second occasion was the 12th session of the CCPR. 
held on 17-19 September 1990. 

Photometry 

In 1987 and early 1988, the BIPM and several national laboratories adjusted the 
values attributed to their photometrie standards. as a consequence of the sixth 
eomparison of national standards of lu minous flux. The BI PM values were brought 
into correspondence with the meall values from the comparison. The magnitudes of 
residual differcnces bct\\.'een the national standards and the BIPM standards \vere 



S~CO:-.JD SESSION 155 

published in Metro/agio, 1988, 25, p. 125, th us enabling systematic corrections ta bc 
applied when eomparing photometrie measurements made in different countries. In 
1990 thc US national la bora tory adjusted its photometric standards, th us bringing 
them closer to the international means. 

Two of the continuing limitations in photometrie comparisons have been lamp 
instabilities and the difficulty in aligning lamps adequately. The CCPR has therefure 
decided that the next comparison of national photometric standards will not employ 
lamps as the artefacts to be circulated, but instead use silicon photodetectors fitted 
with well-corrected V(i.) filters. Such a comparison is not planned to take place until 
after the next CCPR meeting, tentatively planned for 1994, but meanwhile a Working 
Group has been formcd to makc reeommendations on the selection of suitable 
photodiodes and filters. 

Radiometry 

The most aecurate instruments yet devised for measuring radiant power are electrieal 
substitution radiometcrs used at liquid helium temperatures. These so-ealled cryogenie 
radiometers are being uscd increasingly in the national laboratories and are also 
beeoming available commereially. For laser radiation, they en able radiant powers to 
be determined with uncertainties of 1 in 104 or less. 

The CCPR plans eventually to conduet a comparison of power measurements made 
with the cryogenie radiometers held by national laboratories, but has deeided that 
this should wait until after 1994. A portable cryogenic radiometer might weil be 
required for such a comparison, and the BIPM has been requested ta prepare a 
recommendation on the most appropriate artefact for use. 

An alternative approach to radiant power measurements is to use silicon photodiodes 
who se internai quantum efficieneies can be predieted aeeurately over most of the 
visible spectrum. A number of national laboratories find this to be a simpler and 
more eeonomical starting-point for establishing their radiometrie seales. 

Optica/ fibre techo%gy 

The joint meeting of CCPR and the CCE-GTRF had been arranged by the CI PM 
to diseuss metrological requirements in the economically important fleld of optical­
fibre technology. It was noted by the meeting that sorne of these requirements were 
being attended to by other international bodies such as the International Electrotcchnical 
Commission and the Comité Consultatif International Télégraphique ct Téléphonique. 
Moreover, many aspects of this field of technology were considered as too specialized 
to be within the scope of the CI PM. 

Nevertheless, it was agreed that in the field of optical fibres the CCPR might 
appropriately eoncern itself with the measurernent of radiant power and associated 
quantities and the CCE-GTRF with the measurement of optical attenuation. 

The CCPR has indeed been eondueting a eomparison of radiant power rneasuremenls 
at the wavelengths 1 300 nm and 1 550 nm widely used for fibre-optic communications. 
The first phase of this comparison involved only four national laboratories. those of 
the USA (coordinating laboratory), Australia, Germany and UK. Agreement to within 
about ± 0,2 % was attained, a result that weil satisfies industrial requirements. The 
second phase is a wider cornparison involving 13 laboratories and its rcsults arc 
expected by the end of 1991. 
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Spectroradiomel ry 

The CCPR has conducted a comparîson of measurements of spectral irradiance 
over the wavelcngth range 250-2400 nm. tungsten-filament lamps being used as the 
radiation source. Fourteen laboratories participated. Preliminary results were prcsented 
ta the 1990 session or CCPR and the final report will beeome available during 1991. 

The results in the visible spcctrum show a small improvement over the previous 
comparison (1975), but agreement in the air-ultraviolet and near-infrarcd regions is 
pOOf. 

The CCPR considers it especially important to improve the accuracy in the 
ultraviolet rcgion. At the 1990 session it partieularly diseussed the possible advantages 
of using a synchrotron clectron storage ring as the primary standard instead of the 
traditional high-temperature blackbody. There is evidencc that appropriate synchrotrons 
have signincantly lower uncertainties as primary standards. but this advantage can he 
offset by the difficulties encountered in calibrating secondary standards against 
synchrotrons. 

A Working Group has been cstablished 10 sludy alternative techniques. including 
synchrotron radiation, for improving the worldwide uniformity of spectroradiometric 
measurerncnts over the ultraviolet range 200-400 nm. A preliminary report is expected 
in 1991. 

i\4eaSUrf'ments (~r spectral responsirity 

One of the most basic requirements of photometry and radiometry is a capability 
to mcasurc accu ratel y the spectral rcsponsivities of photodetectors. The natinn,I1 
laboratories have attempted ta compare such measuremcnts in the past but have had 
limited success because of instability or the photodetectors used and the inability of 
the BIPM ta serve as the eoordinating laboratory. 

80th of thesc difficulties have no\\-' been overcome. A few different sources of stable 
silicon photodetectors have been identified. and over the past four years the BIPM 
has devcloped the necessary equipmcnt and expertise to intercompare the spectral 
responsivities of photodiodes with high precision. 

The CCPR has thererore decided to proceed with sueh a eomparison. with the 
BIPM serving as the eoordinating laboratory. 

OtiTer m(1tler.~· 

The CCPR is conccrned about the uncertain availahîlîty from commercial sources 
of lamps suitable for use by national laboratories in maintaining and comparing their 
photometrie and radiometric standards. lt has thereFore established a Working Group. 
with the BIPM as convencr, to asscss the situation and make appropria te 
recornmcndations. 

Over the past six years radiornetrists from around the worId. mainly frorn the 
nclds of rnetrology. metcorology and space science. have hcld three specialist meetings 
on new developments in optical radiometry. The last of thcse was associated with 
the 12th session or the CCPR and hcld at Davos on 20-22 Septembcr 1990. Although 
the CCPR is not formally a sponsor. it is rurther proposed to associate one of these 
meetings with rut ure CCPR sessions. 1 belicye that this will prove beneficial both to 
the national laboratories and to the HI PM. 
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ln reply to a question from Dr Lvo",s eoncerning the problem of the supply 
of standard lamps from commercial sources. Dr BLE'"" said that the CCPR 
was increasingly in favour of ta king steps to help individual users but in any 
case reliable sources of suitable standards were required. He believed that a 
sm ail committee at the NIST had been looking into the question of suitable 
lamps. He invited the President of this eommittee to join the CCPR Working 
Group reponsible for this researeh. 

On a different topie. Dr BLEVI" added that the proceedings of a radiometry 
conference held last year in Davos was to be the subjeet of a special issue 
of Metrologia. He eonsidered this to be an excellent example of the kind of 
initiative that would inerease the journal's readership. 

The session closed at 17 h. 

* 
* * 

At 18 h, delegates to the Conférence Générale were invited by His Excellcncy 
the Ministre des Affaires Étrangères to a reccption at the Centre de Conférences 
Internationales. avenue Kléber. 

ln the event, Prof. MARicHAL, acting President of the Conference and 
Member of the Académie des Sciences de Paris, represented the French 
authorities in place of the Minister, who was not able to attend. He welcomed 
the guests with the reminder that France is always keen to encourage 
international cooperation. 





VISIT TO THE BUREAU INTERNATIONAL 

DES POIDS ET MESURES 

Tuesday 1 Oetober 1991, 15 h 

As is customary, the delegations to the Conférence Générale were invited 
to visit the laboratories of the Bureau International des Poids ct Mesures. It 
was thus possible for them to meet the physicists who, among other examples 
of work in progress, showed them: 

- the resistance standard based on the quantum-Hall effect and the electrieal 
potential standard based on a Josephson junction network; 

- the installation for measurement of gravitational acceleration; 

- the installations for the measurement and comparison of the vanous 
lasers in use and under study; 

- the progress of the third periodic verification of national prototypes of 
the kilogram as weil as studies of surface effects on platinum-iridium mass 
standards, the determination of the magnctie susceptibility of « non-magnetic » 

materials used for mass standards and the construction of balances; 

- the study of the properties of silicon photodiodes; 

- the reference standards for measuring basic quantities in the dosimctry 
of X-rays and ,-rays. as weil as the liquid-scintillation measurement technique; 

the reception of GPS signaIs and the measurement of ionospheric delays. 

ln the mechanical workshop, a numerically-controlled milling machine and 
a lathe were demonstrated. 

Exceptionally, on this occasion. there was no visit to the Dépôt des 
Prototypes. because the international kilogram has bcen temporarily removed 
with tlie authorization of the CIPM for the third periodic verification of 
national prototypes of the kilogram eurrently taking place (see the report of 
the President of the Comité Consultatif pour la Masse et les grandeurs 
apparentées, p. 139). 

* 
* * 
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These VlSlts were followed by a reception in the gardcns of the Pavillon de 
Breteuil, hosted by the President of the Comité International and the Director 
of the Bureau International. During this reception Prof. DE BOlR, former 
secretary of the CIPM, was presented with the insignia of the Légion d'Honneur 
by Prof. J. HA\1B1:RGlR, President of the Académie des Sciences de Paris. 
Prof. Hamburger gave the following address: 

« Jan de Boer. if France wishes 10 honour you today. il is bccause you are 
considcred to be a dîstinguished servant of science. lcchnology and of our daily lire. 
Vou have carried out an immense body of work as a member of the Comité 
International des Poids et Mesures for thirty-scvcn ycars and_ consequently, you have 
inspin:d the activitics of the Bureau International des Poids et Mesures. For twcnty­
seven years you have been Secretary of the CI PM. Vou have been in charge of the 
Secretariat of seven Conférences Générales. 

« Vou are President of the Comité Consultatif des Unités and in this capacily you 
have played a major raie in the considerable undertaking of perfecting the International 
System of Units. Indccd you have made us ail suffer. Il has not always bccn easy 
to abandon our good old milligrams for the millimoles that you have imposcd L1pon 
us. Doctors and their patients are still resisting. and maliciously continue to talk 
about blood pressure in ccntimetrcs or millimetres of mercury rather than in 
kilopascals. Hcalth-food restaurants persÎst in calculatî ng their dishes in calories and 
not in joules. and women's magazines insist on singing the praises of Im,v-caloric 
rather than law-joule diets. But the sc are rcarguard actions. For scicntists. thcre is 
no doubt that the commîttee you preside aver bas produced a dear, efficient and 
intelligent piccc of \vork which represcnts dcHnitivc progress. 

« The French admire sornething cise ahout you. First of aiL your wonderful 
command of our language. which is as you kno\\' one of our most cherished 
possessions. And then we arc pleased that France. thanks largel)' to your work. is 
still the centre of development of the metric system and the home of the Bureau 
International des Poids et Mesures. l would even go so far as to say that it is not 
only in my capacity as President of the Académie des Sciences that 1 am spcaking 
ta you today: allow me also la speak on my own bchalf. The link between Holland 
and France which you rcprescnt affects me, bccausc my father was Dutch, struggled 
ail his life in the cause of frîcndship between our tv,,'O countries. founded the 
Association France-Hollande and carricd his love for France sa far as ta marry a 
French girl. thus cnabling me ta be barn in Paris and grow up French. The fcw 
drops of Netherlands blood that run in my veins increase my p1casure in tbis 
ceremony toda):. 

« Monsieur Jan de Boer. 1 do not know you very weil. But your friends have 
spa ken of you a great deal. Thanks 10 them. and particularly to Jean Kovalc\'sky. 
l know that you are nOl only a scÎentist but also a man of great humanity, generous. 
loyal. and - which dclights me even more optimistic and confident of man and 
his destiny al a time when that is no longer fashionable. In short you are one of 
those beings of whom the world has necd today. Another indiscretion 1 am ,.!\Ii are 
what a help and support Mrs de Boer is to you, and lhat she deserves a good part 
of the decoration v.:hich it is my p1casure to present to ~ ... ou. 

« Jan de Boer. in the name of the President of the French Republic, 1 pronouncc 
you Chevalier de la Légion d'Honneur.» 
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Prof. J. DE BOER replied: 

«Mr President of the Académie des Sciences. 

«It is a great honour, on the occasion of the 19th Conférence Générale, to receive 
the exalted distinction which the President of the French Republic has scen fit to 
confer upon me. 1 beg you. Mr President. to be so kind as to con vey to him my 
deepest gratitude. 

«1 am particularly moved by this sign of good will which honours my work with 
the Bureau International des Poids et Mesures and ils Comité International. 

«1 am obviously extremely plcased by this mark of appreciation by the French 
Republic. where thc Bureau International des Poids et Mesures has found. at Sèvres. 
its international home. but above ail by the nation which has played a decisive role 
in the development of the metric system. the forerunner of the International System 
of Units to which our Bureau International is entirely devoted. 

«The international tcrritory which France placed at our disposaI in the Parc de 
Saint-Cloud over a hundred years aga, is today, together with the Pavillon de Breteuil 
and its research laboratories, the world centre for scientifie metrology at the high 
level required ta maintain the International System of Units. 

«France has always shown its indispensable cooperation in approving the construction 
of new buildings and laboratories in the Parc de Saint-Cloud, whose impressive 
beauty constitutes a national historical monument. 

«1 am particularly honoured that the distinction conferrcd upon me today should 
be accorded by the country which, historically. was at the origins of the principles 
of the metric system, which in turn gave rise to the International System of Units. 

«The French Revolution has recently been commemorated once again. We have 
recalled the memory of such scientists as Condorcet, Lavoisier, Laplace, Monge. 
Delambre and Méchain. We should ais a recall the role of the celebrated Académie 
des Sciences which, at the time, strongly cncouraged the rcform of mcasurement 
through the introduction of the metric system. Later on the metric system was largely 
accepted by the world of science: we need only mention the names of Gauss, Weber 
or Maxwell, men who helped to develop the scientific basis for a mctric system of 
units. 

«Following the Exposition Universelle held in Paris in 1867, however, it was again 
here in Paris that a series of Conférences Internationales was launched which led to 
the signing of the Convention du Mètre and the creation of the Bureau International 
des Poids et Mesures at Sèvres. This was truly the first basic step in the development 
of the International System. 

«After the war, 1 was privileged to be able to follow at first hand the evolution 
of the Bureau International and the development of the International System of 
Units. This was an evcntful time. embracing new fields of physics. in order to arrive 
finally at a system of units which covers ail fundamental aspects of physics and 
technology. 

« 1 fccl that it was a real privilege for me to work within a scientific community 
devoted ta the development of metrology at the highest level, with a corn mon aim : 
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ta smooth the running of the Système International. 1 found there a deeply human 
satisfaction. that of collaborating in the devclopment of a scicntific system of intrinsic 
beauty. 

« Ta close my remarks 1 would likc to express my satisfaction and plcasure that 
1 have been able ta take part in the dissemination of the Système International ta 
the peoples of the world. Condorcet's words corne ta my rnind: 'For ail men, for 
ail time'. One can indeed say that the Système International, thanks ta its simplicity, 
satisfied the growing dernands of international tcchnology and trade. New generations 
are growing up with this wonderful tool and that is truly a great source of satisfaction 
for those who are still endeavouring to improvc this system. n 



THIRD SESSION 

OF THE 19th CONFÉRENCE GÉNÉRALE 

DES POIDS ET MESURES 

Wednesday 2 October 1991, 15 h 

The PRESIDENT opened the session with the remark that the laboratory visit 
and reception of the previous day had been a great opportunity for everyone 
to meet the physicists working at the BI PM and to gain a better grasp of 
the role of the organization. 

He also pointed out that the Working Group on the dotation to the BIPM 
for the four years 1993-1996 had presented its report. This document had 
been distributed to the delegations, enabling them to familiarize themselves 
with its contents before the item was raised. 

13. Ionizing radiations 

He then asked Dr QUINN to present the report of the Comité Consultatif 
pour les Étalons de Mesure des Rayonnements Ionisants as, for health reasons, 
Prof. Sala, titular President of the CCEMRI, had been un able to attend the 
Conference. 

Dr QUI"JN read the following report: 

The use of ionizing radiations continues to increase not only in the fields of 
medicine and the production of energy, but a1so in nurncrous technical and scientific 
applications. As a consequence, there is a widespread need for the capability ta 
measure type of radiation, range of energy, etc. For this reason, reliable standards 
are required for tasks which range [rom high-dose irradiations to radioprotection. 
The complexity of the physical phenomena involved in the measurernent of ionizing 
radiations means that experimental work requires a wide range of equipment. 

ln medical and industrial applications an accuracy of about 1 % is needed in the 
standards set for X and y rays, neutrons and radioactivity. Such accuracy is often 
difficult to attain. The CCEMRT oversees the BIPM in its task ta ensure worldwide 
uniformity of measuremcnts and to increasc their accuracy. This goal can be 
approached, for instance by organizing the international comparison of a radionuclide, 
or. in dosimetry, by direct comparisons, in a well-defined radiation beam, of 
instruments used as national standards with the BIPM standard. Ali such work is 
planned in collaboration with the CCEMRI. 
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ln 1989, the CIPM decided to broaden the membership of the CCFMRL which 
then consisted of its President and the chairmen of ils thrcc sections. by increasing 
the membership to includc four individuals of international repule in the field of 
ionizing radiations. The ncw committcc met on 24 May 1991. The tlHce sections of 
CCEM RI have met twice since the 1 Xth Conférence Générale des Poids et Mesures: 
Section 1 (Rayons X et (. électrons) from Il to 13 April 1988 and from 21 to 
23 May 1991. Section Il (Mesure des Radionucléides) from 29 to 31 May 1989 and 
from 21 ta 23 May 1991 and Section []] (Mesures neutroniques) from 18 to 20 April 
1988 and 21 to 23 May 1991. In the presentation whieh follows the work of the 
CCEMRL as weil as the eorresponding aetivity of the BI PM. is presented under 
headings corresponding 10 the fields of activity of the three sections. 

X and i' rays, electrOllS 

Many laboratorics have asked to be linkcd 10 the standards of air kerma and 
absorbed dose in graphite and water. established and maintained at the B1PM. This 
has cnabled national lahoratorics which maintain primary standards to compare 
measurernents among themselves over a period of sorne twenty years. Nine comparisons 
involving seven countrics have been performed since 1987. ln the ease of national 
labo ra tories whieh maintain only secondary standards. calibrations arc made periodieally 
at the BIPM. Work of this sort has involved thirty-six ionization chambers belonging 
to eight countries. The references of the International Momie Energy Agency (IAEA) 
are also traceable to the BIPM. This organization. which coordinates a network of 
Secondary Standards Dosimetry Laboratories (SSDL) involving forty-nine countries, 
has now made two checks of its standards sincc 1987. 

F ollowing a recommendation of Section 1 of CCEMRI. the BIPM has developed 
a rehable standard for the measurement of ambient dose equivalent, a new quantity 
defjned by ICR U (International Commission on Radiation Units and Measurcmcnts) 
for application in the field of radiation protection. 

A theoretical study of the perturbation cffect in the calorimetric standards used for 
rneasuring absorhcd dose in graphite has resolved this long-standing problem. 

In addition. careful studies. bath experimental and thcoretica!. have led to the 
establishment of an ionomctric standard for mcasuring absorbed dose in water. Ils 
stability is excellent and it has a precision of about 0.3 !~I. An alternative method 
has also been used to measure this quantity. Called the scaling-thcorem mcthod. it 
is indirect but simplcr. The two methods agree weil. A comparison between the BIPM 
measurcrnents and those from two national laboratories equipped with calorimetrie 
standards has led to satisfactory results. A programme of calorimetrie me as ure ment 
has just begun. This will allow us to makc a contribution to the understanding of 
problcms associated with this method. It may. in addition. cnable us to take part in 
measurements on high-cncrgy photons. 

Radionuclide measuremenl.'i 

Activity measurements pcrformed at the BIPM can be subdivided into two groups: 
the international comparisons which conccrn absolute measuremcnts. and the 
International Reference System (SI R) which is bascd on relative measurements. Thcsc 
two approaches arc complementary. 
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The radionuclides chosen in recent years by Section II are among those which 
present particular experimental difficulties. Since a preliminary cornparison of activity 
measurernents of a solution of 125 1 arnong se ven laboratories gave good results, 
Section II decided to start an international comparison using this radionuclide. The 
nineteen participants used eight mcthods. The observcd 3,5 % dispersion of the results 
can be eonsidered satisfactory. 

For the subsequent prcliminary comparison 7~Se was sclected. This radionuclide has 
an isorneric state at 304 keV, which renders its measurement espccially difficult. Thc 
five participants succeeded in arriving at a dispersion of less than 2,5 1/'0, a result 
which was dcemed sufficiently good to merit the organization of a full-seale cornparison. 

Results from ail the se comparisons have been collated and analysed at the BIPM. 
In addition, the BIPM has performed a measurement of the half-Iife of the isomeric 
state of "7

5Se. As a result of the special precautions taken, the value obtained is about 
ten times more accu rate than those of earlier studies. 

The International Reference System (SIR), whieh allows comparison of the activity 
of '(-ray emittcrs, is still highly appreciated by participants. In the past fifteen years 
more than 550 ampoules with 50 diffcrent radionuclides have been measured. The 
success of this work has led Section II to requcst an extension of the existing system 
to include Jl and ct. emitters. Studies made in collaboration with the NIST, have led 
the BI PM to acquire a liquid scintillation system. We are looking at how best to 
use the equipment in the framework of an extendcd SIR. 

Tnvestigations concerning the principles of the coincidence rnethod and of counting 
statistics have continued successfully at the BIPM and several national laboratories. 
To illustrate the progress aehicvcd 1 mention speeifically the use of generalized dead 
times, a field which has opened new experirnental possibilities, of which sorne arc 
already in use. The background information. scattered in man y reports, has now been 
published in a review article. Recently the BIPM has suggested an original approaeh 
to the old problem for long eonsidered as having no solution - which consists 
in measuring a true coincidence rate dircctly, i.e. without applying a correction for 
random coincidences. The mcthod, which is based on parity measuremenls and does 
not imolve any resolving time, has been implemented elcctronieally and works as 
expected. The results of the investigations by the members of this working group of 
Section JI are described in eighteen documents. 

Neutron meusurements 

The main work performed in the field of neutron measurements includes the 
organization and analysis of the results of the international comparison of kerma 
rate mcasuremcnts. In this excrcise transfer instruments. studied and sclccted by the 
BI PM, were circulated among the participants. A good agreement was obtaincd for 
neutron kerma values in the local mixed fields, when measured with the BIPM 
equipment and with the local dosimetry systems. 

In arder to comply with a proposai of Section III, a Iiquid scintillation deteetor, 
equipped with a system permitting neutron-gamma discrimination. has bcen investigated 
in the 2,5 and 14,65 MeV neutron bcams. The analysis of the neutron speetra will 
be done using theoretical spectra obtained by Monte-Carlo simulation. 
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At its recent meeting, Section III discussed the problem of neutron spectral 
measurements and recommended that the BI PM should develop the necessary 
instrumentation. In addition, BIPM was asked 10 maintain transfer standards and 
measurement capabilitics in the neutron field. 

At the meeting of the extended CCEMRI sorne specifie points raised by the sections 
were considered in a more general context and the incrcasing relevance of ionizing 
radiations and their applications was reaffirmed. A survey of possible future work 
gave rise ta recommendations made ta the CIPM. 

This report elicited no comments or questions. 

14, The International System of Units (SI) 

Prof. DE BOER, President of lhe Comité Consultatif des Unités (CCU), was 
asked to present his report. 

The International System of Units is a scientific and logical system weil adapted 
to the international needs of science and technology and an esscntial rcquirement for 
the development of economic and commercial relations between aU the nations of 
the world. 

The four year peri ad since the last Conférence Générale, the period covered by 
the present report, has been marked by the commemoration of a number of historie 
events of great significance for the SI. The most important of these were linked ta 
the French Revolution which took place two centuries aga and was duly celebrated 
in 1989. The Comité International des Poids et Mesures was invitcd to visit an 
exhibition at the Musée National des Techniques in Paris which traced the history 
of the metre; the Comité was a1so present at a httle ceremony in front of the Hôtel 
du Ministère de la Justice, in former times the Chancellerie de France in the Place 
Vendôme, Paris, at which the old metre made of marble and still sealed in the wall 
was re-measured by triangulation. 

It is useful, therefore, on the occasion of the Conférence Générale to rccall just 
for a moment the events that exertcd such a decisive influence in the field of weights 
and measures. We bring back ta mind just one of the historie events. one that took 
place not far from here just two hundred years ago. 

It was on the 19 March 1791 that Condorcet, Secrétaire perpétuel of the Académie 
des Sciences, presented to the Assemblée Nationale the Aeademy's proposai for the 
adoption of the quarter of the terres trial meridian as the basis for the unit of length, 
the metre. On 30 May 1791 Louis XVI formally approved the famous « Law related 
to the means of cstablishing uniformity in weights and measures ~}. 

It was not until cight yeaTs later that the measurement of the arc of nine and a 
half degrees along the meridian between Dunkerque and Barcelona carried out by 
Delambre and Méchain ta determine the metre and the measurements on the kilogram 
begun by Lavoisier and Haüy and continued by Lefèvre-Gineou were formally approved 
by a Commission of scicntists from France and other European countries and the 
work concluded by deposition of the standards of the metre and the kilogram in the 
Archives of the Repubhc. This was truly the beginning of the metric system which 
is the origin of the SI now accepted the world over. 
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ln the intervening two hundrcd years many seientists have worked to develop, from 
these historie bases, the modern concept of a universal system of uoits. Among them 
we must first list Weber and Gauss for thcir work on 'absolutc' measuremcnts of 
electric and magne tic quantities. Wc must remember also the work of .Max\·rell 
and Thomso1] in the British Association for the Advancement of Science. This led, 
ror physics, to the development or a system or three dimensions rounded on three base 
quantities, length, mass and time and in 1873 to the introduction or the coherent 
CGS system, based on the centimetre, the gram and the second, to 
express in a coherent way not only mechanical but also electrical and magnetic 
measurements. 

Mter the signature of the Convention du Mètre on 20 May 1875 and thc creation 
of the Bureau International des Poids et Mesures, now more than one hundred years 
ago, the first Conrérence Générale des Poids et Mesures in 1889 replaccd the so­
called metre and kilogram 'or the Archives' by new international prototypes which 
were deposited in the vault or the Bureau International at Sèvres, The establishment 
or this international laboratory and the deposit there or the international prototypes 
with which il was entrusted marked the birth or the high precision metrology, essential 
for the maintenance of a system of units at international levcl. 

These international prototypes of the metre and the kilogram werc meant ta serve 
as the metrological basc for ail physical measurements, but the electrical and magnctic 
units still caused problems. The International Electrical Congress had sanctioncd since 
1881 the use or an ensemble or 'practical units', the ampere, the ohm, the volt, etc. 
These practical units were not coherent with the CGS system; the y were deduced 
rrom the coherent units of the CGS system by multiplication by 'convenien!' powers 
of ten. In 1921, to resolve these problems, the sixth Conrérence Générale explicitly 
extended the competence of the Convention du Mètre to include, among other things, 
the electrical units. Later on, the Comité International created a Comité Consultatir 
d'Électricité to deal specially with electrical units. This eventually led, at the 
international lcvel. to a solution to the problem of systematic coherence of the 
ensemble of mechanical and electromagnetic units. 

From the view-point of physical theory as wcll as ror the description or e1ectro­
magnetic phcnomcna it became necessary to revise the system of three dimcnsions 
developed by Maxwell and the British Association for the description or physical 
phenomena. During the last twenty years or the 19th century Heaviside and Giorgi 
found a natural way or including eleetromagnetic phenomena in physics. They showed 
that În order to do this it is nccessary to have a system that includes four base 
quantities. Giorgi in partieular had showed in 1901 that the metre, the kilogram and 
thc second as the base mechanical units and, ror example, the ohm or the am pere 
as the base electrical unit provide a system of units of four dimensions that allows 
inclusion of the ensemble or practieal electrieal units adopted in 1881 and eonfirmed 
in 1893 by the Chicago Conference. 

The important contributions of Giorgi to the development or unit systems was the 
subjeet or an International Commemorative Conrerence held at the Istituto Politeenieo 
in Turin on 21 and 22 September 1988. At this Conference, at!ended by a large 
number of scientists, the historical and mctrological importance of the work of 
Giovanni Giorgi, and the influence he exerted on the later developmcnt of the 
International System of Units, was clearly brought out. 
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It is not necessary to continue here the well-known stary of the International 
System of Units. Developments were intcrrupted during the war and it was in 1960 
that the International System of Units, founded initially on six base units, the metre, 
kilogram, second, ampere, kelvin and candela, was adopted by the Illh Conférence 
Générale des Poids et Mesures. The se ven th base unit, lhe mole was added by the 
14th Conférence Générale. 

The conservation of the International Sytem of Uoits is one of the mûst important 
tasks of the Comité International and its Comité Consultatif des Unités. This year 
the 6th edition of the brochure Le Système International d'Unités (SI) has been 
published, bilingual like its predecessor. In it are assembled in a systematie way ail 
of the Resolutions and Recommendations of the Conférence Générale and Comité 
International relating to the International System of Units. Also included are the 
explanatory notes and rules of application adopted by the International Organization 
for Standardization (ISO). 

ln 1990 the CCU held its 10th meeting at Sèvres du ring whieh the text of this 
brochure was diseussed. The most important changes concerned Appendix II « Praelical 
realization of the definitions of sorne important units)) to take account of decisions 
taken by the CI PM in 1988 and 1989, deeisions conccrning the practical realization 
of electrical units and the entry into force of the International Temperature Seale of 
1990. In this same Appendix the texts concerning mass and lime were improved. 

ln addition, and in response to a requesl by the International Union of Pure and 
Applied Chemistry, the CCU recognized lhe need 10 introduce new prefixes for further 
powers of ten: ID", 1024

, 10- 21 and 10-". In preparing ils proposai, the CCU tried 
to respect the following rules: a) prefixes should end in '0' for negative powers and 
'a' for positive powers; h) symbols for prefixes should be capital letters for positive 
powers and lower case letters for negative powers. 

The CIPM proposes that the Conférence Générale adopt these prefixes and symbols 
which appear in Oraft Resolution O. The prefixes zepto and zetta evoke the number 
seven in latin 'septem' (the seventh power of 10- 3 and 103

) but the letter 'z' has 
becn substituted for the letter 's' to avoid the symbol 's'as a prefix. The prefixes 
'yoeto' and 'yotta' evoke the number eight, in latin 'octo' (the eight power of 10- 3 

and 103) but the letter 'y' has been added to avoid the symbol '0' as a prefix. 

Prof. DE BOER read Oraf! Resolution 0 concerning the prefixes zelta, zepto, 
yolta and yocto, 

Mr J. THOR asked to speak, not as a representative of Sweden but as 
Secretary of ISO(fC 12: « In the CCU report Prof. de Boer pointed out that 
the SI rules of application were adopted by the ISO. The complete rules are 
the object of international standard ISO 31. In different sections of standard 
ISO 31, the system of quantities on which the SI is based is also set out. 
The current edition of standard ISO 31 is now some ten years old, It has 
been revised by the ISO. During the last year a11 the sections of standard 
ISO 31 which have been revised have been approved by members of the ISO 
and the new edit ion will shortly be available. Mr President, allow me, in my 
capacity as Secretary of ISO/TC 12, to take this opportunity to thank two 
members of the CI PM for their major contribution to the revision of standard 
ISO 31. They are Jan de Boer, President of the CCU, and Henning 
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H6jgaard Jensen, President of ISO/TC 12. Finally, 1 should like to thank 
Terry Quinn, Director of the BIPM, and his staff for the hospitality accorded 
to us during our work. Thank you very much.» 

Prof. DE BOER thanked Mr Thor and asked that his statement should be 
included in the proceedings of the Conference. 

18. Renewal of one half of the Comité International 

As agreed, the order of the different items on the agenda was changed and 
the President asked Prof. Kovalevsky, Secretary of the CIPM and Secretary 
of the Conference, to deal with the renewal of one half of the CIPM and to 
explain the procedure to be followed. 

Prof. KOVALEVSKY reminded delegations that as a result of four resignations 
since the last Conférence Générale, the CIPM had been obliged to coopt 
Messrs Clapham, Joshi, Lyons and Poustovoit. The election of these four 
members was subject to ratification by the Conférence Générale. In addition. 
to bring the number of members to be elected or re-elected up to nine, five 
names had been drawn during the session of the CIPM which had taken 
place on the 26 and 27 September 1991. This draw had designated 
Messrs Blevin, de Boer. Preston-Thomas. Skikala and Wang Daheng. bringing 
to ni ne the number of members to be elected by the Conférence Générale. 

The proceedings then continued with a secret ballot by member state, each 
head of delegation placing his voting paper in the ballot box. The votes were 
counted by Mr Blouet (France). Mr Birkeland (Norway) and Dr Quinn (BIPM). 
After an interval of some five minutes the result was announced. Thirty-eight 
votes had been cast. 

W. R. BLEVIt< ............ 38 
J. DE BOER ............... 37 
P. B. CLAPHAM ........... 38 
S. K. JOSHI ............... 38 
J. W. LYONS .............. 38 
V. 1. POUSTOVOIT ........ 36 
H. PRESTON-THOMAS .... 38 
J. SKÀKALA ............... 35 
WANG DAHENG .......... 38 

Ali the members proposed by the Comité International were elected or 
re-elected. No addition al names were proposed. (Applause.) 

15. Programme of future work at the BIPM 

The PRESIDENT asked Dr QCIN"I (BI PM) to present the programme of work 
at the BIPM for the four years 1993-1996. 

Firstly, Dr QUINN stressed once again that the BIPM is a scientific laboratory. 
but it is a small one, with a scientific staff of some 25 members. This scientific 
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staff is divided into six sections, corresponding to the six fields of work. lt 
may be said that for each section the work is divided into three categories: 
(1) international comparisons; (2) standards; and (3) research. The aim of this 
research is to support work in the first two categories and to maintain the 
expertise of the physicists involved. 

As far as international comparisons are concerned, in the field of length, 
for example, the BIPM carries out comparisons of the wavelength of stabilized 
lasers, especially iodine-stabilized lasers. In the field of mass, the BI PM is 
responsible for the dissemination of the unit of mass. To this end it carries 
out verifications like the one currently under way. In the field of lime, time 
comparisons, even though not carried out at the BIPM, have enabled TAI 
and UTC to be established and disseminated. The situation as regards 
electricity has considerably evolved. Standard cells were formerly brought to 
the BI PM and subjected to large-scale comparisons. Today techniques have 
greatly changed. Since the introduction of Josephson junction networks, for 
example, it is no longer necessary to carry out major regular comparisons as 
most of the national laboratories are equipped to maintain their own standards 
with good long-term stability. However, even if the type of work has changed, 
the volume of verification work has not lessened. For the constants on which 
the realization of the units is now based, it is necessary not only to ensure 
that the value accepted is correctly obtained, but also to verify all the 
electronics used in the course of the realizations. 

The situation is somewhat similar as regards photometry and radiometry. 
The emphasis is less on photometry than it was in the past and the BI PM 
must develop its potential to carry out detector comparisons. 

ln the field of ionizing radiations, dosimetric corn paris ons of X-rays must 
continue. The BI PM has moreover undertaken to extend the International 
Reference System (SIR) for measuring the activity of y-ray emitters, and must 
pursue this line of work. 

As regards calibration, the situation differs from one field to another. ln 
length, calibrations are carried out both for line scales of 1 m and standard 
end-gauges. In mass, the main role of the BIPM is to verify the prototypes 
of the kilogram in platinum-iridium. However, the BIPM also calibrates 1 kg 
mass standards in stainless steel. In the field of lime, although no calibration 
service exists as such, the calibration of Global Positioning System (GPS) 
receivers carried out from time to time by BIPM staff in a number of 
laboratories should be mentioned. In electricity, despite the changes which 
have occurred, the BI PM is still asked to calibrate standard cells and 1 Q 

resistance standards. In radiometry, the BIPM does not currently carry out 
any calibrations, but still calibrates photometrie standard lamps. Finally, in 
the field of ionizing radiations, calibrations of ionization chambers, for example, 
are currently un der way. 

Lastly, Dr QUINN addressed the third type of activity: research and 
development. In the field of length, to refine and improve the work on lasers 
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il IS important to develop understanding of the physical processes which occur 
in a laser when the frequency is stabilized by iodine, methane or carbon 
dioxide. As regards mass, il is important to study surface effects on platinum­
iridium prototypes. lt is, for ex ample, necessary to do research on the physics 
and chemistry of surfaces. For work in this field the BI PM needs balances. 
Studies on balances are therefore required. These also make il possible to 
follow the short-term fluctuations which take place in mass standards. In the 
field of time, it is imperativc to work on the algorithms used in the caIculation 
of TAI. AIso, as the precision of lime scales increases. we encounter problems 
concerning the effects of relativity; il is th us becoming necessary to improve 
our understanding of them. In electricity, it is appropriate to study new 
methods of using the Josephson effect and the quantum-Hall effect. The 
potential use of transfer standards must also be examined. Advanced research 
on the properties of superconductors could have repercussions in metrology; 
these must be explored. In radiometry, the study of photoelectric cells for 
comparisons must be developed. The use of cryogenie radiometry and possible 
interest in a cryogenic radiomcter must also be envisaged. In the field of 
ionizing radiations. the development of calorimetry and the extension of the 
SIR must be followed up, without prejudice to the long-term programme of 
counting statistics. Although sorne years ago il was decided to stop all new 
work in thermometry, the BIPM must retain the capabilily to pro vide the 
measurements required by its laboratories in the associated field of ambient 
tempe rature and in measurements of pressure at about atmospheric pressure. 
A workshop capable of responding to particular needs for equipment and 
installations is also required. Such a workshop must be up to date and 
equipped with numerically-controlled machines. Finally, as all the sections 
require computers at various stages of their work, and specifically for the 
automation of measurements, computer hardware and software must be 
continually modernized. One final preoccupation of the laboratories is the 
need for stable temperature and humidity. To this end, the BI PM is running 
a long-term laboratory air-conditioning programme. lt is also imperative for 
physicists to have access to an adequate library containing all the documentation 
and information they may require. A final point to be mentioned is publications: 
the BIPM must publish the results of its work. A major effort in this direction 
has been made in recent years. 

To close his address Dr QlJINN emphasized that in respect of the work 
reviewed, although the BIPM is a small laboratory, the work il carries out 
must be at the same level as that of the large national laboratories. 
Responsibility for programme choices between meetings of the Conférence 
Générale lies with lhe CIPM. lt is essenlial that the scienlific slaff of the 
BIPM should be highly qualified and motivated. They must, of course, have 
aceess to the equipment necessary 10 carry out lheir work, but lhey must 
also feel thal lhey enjoy the support of lhose who are paying, i.e. the member 
states of the Convention du Mètre. They must therefore feel that they have 
the support of the Conférence Générale and of the CIPM. Dr Quinn had the 
impression lhal this was indeed the case. 
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Prof. MARlCHAL thankcd Dr Quinn for the lucidity of his address and the 
conviction and enthusiasm wilh which he had delivered il. He asked for auy 
comments from the delegations. 

Dr VANIER (Canada) congratulated the Director on the presentation of his 
programme. He mentioned in particular the three categories of work discussed 
by Dr Quinn. He thought that they diverged a little from the general mission 
of the BIPM. Dr Vanier would have liked to see a clear statement of the 
exact mission of the Bureau. He would also have appreciated sorne indication 
of the divisions between these three categories of activity. ln his opinion, su ch 
information would be of interest to all the delegations. 

Dr QUINN felt that the answers to these questions could be found in the 
report of the President of the CI PM. As far as the role of the BIPM IS 
concerned, the reply is c1ear: it is defined by the Convention du Mètre. lt is 
true that this treaty was drawn up in 1875. Many things have changed. It 
follows that the roIe of the BIPM has evolved over the years. At ils 1984 
meeting (BIPM Proc.-Verb. CO/Il. lnt. Poids et Mesures, 1984,52, p.7) the 
CIPM discussed the role of the BI PM in the 1980s and ils conclusions were 
made known in the Convocation to the 18th Conférence Générale (BI PM 
Comptes Rendus 18' Conf Gén. Poids et Mesures, 1987, p. 23), in the following 
terms: 

« The purpose of the BIPM is ta pro vide the physical basis necessary ta cnsure 
worldwide uniformity of measurements. Therefore, its principal tasks are: 

- to conserve and disseminate the unit of mass: 
to establish and disseminate the International Atomic Time and, in collaboration 

with the appropriate astronomieal organizations, Universal Coordinated Time; 
- to provide a centre for the international comparison of the realizations of other 

basc or derived units and for further dissemination of the se units, as may be neccssary 
to meet the needs of the ensemble of national metrological laboratories. This requires, 
among other things, that in sorne areas the BIPM maintains ilS own realizations of 
certain base or derived units; 

- to determinc, when it may be appropriate, physical constants closely related 10 

the definition, realization or dissemination of base or derived units: 
- to provide the scientific and administrative Secretariat for the Conférence 

Générale des Poids et Mesures, the Comité International des Poids et Mesures and 
its Comités Consultatifs; 

- to furnish whatever help is possible in the organization of those international 
eomparisons whieh, although no! earried out at the BIPM, arc earried out under the 
auspices of a Comité Consultatif; 

to cnsurc that the results of international comparisons arc propcrly documented 
and. if not published elsewhere, are publishcd direetly by the BIPM. 

In order to carry out these tasks efficiently and at the lcvcl required of it, the 
BIPM must have appropria te scientific. technical and administrative staff together 
with up-to-date equipment, laboratorics. library, workshop and other faeilities. " 

Dr VANIER repeated that he would like to see the Bureau's own role 
redefined. He wondered if it would be possible to evaluate, for example, the 
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portion of work devoted ta each of the three directions. He would like ta 
have the views of the other delegations as ta their interest in the subjec!. 

Dr Ql:IN" said that it is difficult ta givc a general reply. In certain fields. 
the BI PM had formerly made a particular effort as regards international 
comparisons, while in other fields the rapid evolution of physics had led ta 
the intensification of research on the metrological applications. A certain 
flexibility must be maintained, and the elTort put into the different types of 
activity must be adjusted ta take account of the requirements of national 
laboratories. If these are ta be adequately met, it is more realistic ta keep 
an element of flexibility. 

Dr VA"IER said he was pleased ta hear the key ward, tlexibility. Il seemed 
ali-important ta him that the BIPM should remain at the service of the 
member countries of the Convention du Mètre. 

Dr Qt:I"" recalled that the objective is ta provide member states with the 
bases for their national metrology. 

The PRESJDl'JT closed the discussion by remarking that the proposed 
programme seemed ta him ta be weil adapted ta this objective. 

Dr BuvI'J (Australia) wished ta add a comment on Dr Quinn 's presentation 
of the programme of future work. In his opinion, a useful way for a 
laboratory ta appreciate the quality of work at the BIPM is ta recall how 
often it applies ta the organization for advice or assistance. As the director 
of a national laboratory, Dr Blevin applies ta the BIPM when appropriate. 
He feels that the BI PM is often the best place ta go for advice. This is as 
it should be. Modern research should th us be carried on at the BIPM but 
the know-how and expérience of the past should also be conserved. Speaking 
as President of the CCPR, Dr Blevin mentioned that the BI PM had been 
somewhat overtaken by recent events in this field. He was pleased ta note 
that this situation has been largely rectified, that the work of the BIPM has 
now atlained a high standard, and that it is not content ta follow but 
envisages an active raie. Dr Blevin said he was happy ta testify ta this. 

Prof. MARÉCHAL thanked Dr Blevin for his remarks. As no other delegate 
asked ta speak on the programme of future work at the BIPM, the President 
moved ta the next item on the agenda. 

16, Annual dotation to the BIPM 

Dr PRESTO'J-THOMAS was asked ta present the report of the Working Group 
on the dotation ta the BIPM for the four years 1993-1996. He read the 
following report: 

« The Working Group included the dclegations of the following eountries : Canada, 
China (People's Rep. of), Czechoslovakia, Denmark, France, Gcrmany. Japan, Mexico, 
Spain, United Kingdom, USA and USSR. 
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The President invited each delegation of the Working Group to express its opinion 
on the proposaI of the CIPM for the dotation to be voted by the 19th Conférence 
Générale. 

The Working Group noted that the information on which the CIPM based its 
figure of 5 % per annum for the cxpcctcd rate of priee incrcasc in France has bccn 
superseded. The more recent data based upon the official index for international 
organizations based in France suggests that a figure of 4 % is a more probable onc. 
This was agreed by ail members of thc Working Group. 

There then followed a considerable discussion. during which diverse points of vicw 
were expresscd. on the proposaI by the CIPM that the recent unexpected increasc in 
the work required of the Time Section called for an inerease of 625000 gold francs 
in the base figure used for the caleulation of the dotation. Although sorne dclegations 
supported this proposaI. thc majority were of the opinion that the funds necessary 
for the work on lime should be round without 5uch a step increase. 

It was agreed that a sophistication factor was essentiaJ to take account of the cast 
increases arising from the incrcasing complexity of equipment, modernization of 
buildings and increascs in staff qualifications. Although a figure of about 3 (/() was 
thought to be desirable the general conclusion was that a figure in the range from 
2 % to 3 % would be bath neccssary and practicable. 

During the discussion a number of dclegations expressed their apprcciation of the 
quality of the work carried out at the B[PM. [n particuIar, strong support was 
expresscd for the work being carried out by the Time Section. 

It was noted by the Working Group that the base figure used by the C[PM in 
the calculation of the proposed dotation has been reduced by 1,26 % as a result 
of the disappearance of the German Democratic Republic and the adhesion of 
New Zealand. 

Taking into account the above considerations and also the budgetary restrictions 
facing sorne countries, the Working Group agreed that the dotation should be based 
upon the figures of 4 % for priee inereases and 2 % for sophistication. This total of 
6 % results in the following figures: 

1993 21 761 000 gold francs 
1994 23067000 gold francs 
1995 24451 000 go Id francs 
1996 25 918000 gold francs. » 

The report conc1uded, the PRESlm!\T thanked the Working Group for ils 
first proposa!. He stressed the importance of lhese financial matters and noted 
the importance of discussing them frankly. He asked for immediate reactions 
from Conference delegates. 

Prof. KOVALEVSKY remarked that the Conference must vote on the Working 
Group's proposaI at the next session, due to take place the following day, 
Thursday 30ctober 1991. He joined the President in saying that he wou Id 
like to hear the initial reactions of the dilferent delegations. These would 
enable him, as Secretary of the Conference, to consider the best way to 
organize the discussion before the final vote. 
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Prof. MARÉCHAL repeated that he thought it a good idea for each delegation 
to make known any objections of principle or particular difficulties. 

As no delegate asked to speak, Prof. KavALEVSKY suggested proceeding ta 
a trial vote, i.e. each delegation would be asked to say how it would vote if 
the question was raised. He emphasized that the dotations proposed by the 
ad hoc Working Group were sm aller than those proposed by the CI PM for 
the years in question. 

Before the trial vote, the President asked if any delegate objected to 
proceeding in this way. As no objections were raised the trial vote took place 
delegation by delegation. Il resulted in four abstentions. 

The session closed at 16 h 55. 

* 
* * 

At 18 h 30 delegates and their spou ses were invited by the Danish National 
Agency of Industry and Trade and the Danish Institute of Fundamental 
Metrology to a reception given in the apartment of His Excellency the Danish 
Ambassador in the Avenue Marceau, Paris 16'. 





FOURTH SESSION 

OF THE 19th CONFÉRENCE GÉNÉRALE 

DES POIDS ET MESURES 

Thursday 3 October 1991, 15 h 10 

9, 10, 11, 14. The PRESIDENT opened the session by we1coming delegates 
and reminding them that the day's agenda inc1uded a vote on the scientific 
resolutions, whose drafts had already been presented in the reports of the 
Presidents of the Comités Consultatifs concerned, and a vote on the dotation 
to the BIPM for the four years 1993-1996. 

Prof. MARÉCHAL asked if, since the previous session, any delegation had 
comments or questions concerning the annual dotation. Dr VANIER (Canada) 
wished to speak but asked whether he should do so immediately or wait until 
the final vote and speak in justification of his vote. Prof. MARÉCHAL replied 
that il would be preferable to hear at once any comment that Dr Vanier 
wished to make. 

Dr V ANIER replied that his remarks followed from his statement the previous 
day. 

The PRESIDE"T asked wh ether, subsequent to the trial vote that had taken 
place the day before, any delegation that had abstained now wished to change 
its position and vote negative. 

Prof. BRAY (Italy) presented apologies on behalf of the head of the Italian 
delegation, who was delayed. He asked whether, in view of this, the Conference 
could defer the vote on the dotation and begin by voting on the scientific 
resolutions. 

Prof. KOVALEVSKY th us proceeded to voting by delegalion on the scientific 
resolutions. Draft Resolution A, concerning time and lime comparisons, was 
read. Il was adopted as Resolution 1 by 36 votes for and 1 abstention. 

Dr V ANI ER remarked that Canada had in the past made many contributions 
to the establishment of time scales. If the necessary funds are supplied to his 
laboratory by his government, he intends to make a particular effort in this 
field. 
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Prof. KOVALFVSKY read Draft Resolution B on the Josephson and quantum­
Hall effects. Il was adopted as Resolution 2 by 37 votes for and 1 abstention. 

He then read Draft Resolution C on the International Temperature Scale 
of 1990 and future work in thermometry. Il was adopted as Resolution 3 by 
37 votes for and 1 abstention. 

Draft Resolution 0 on the SI prefixes zella. zepto. yolla and yocto was 
read. and adopted as Resolution 4 by 37 votes for and 1 abstention. 

As ail the scientific resolutions had been adopted and the head of the 
Italian delegation had arrived. the PRESIDE"CT returned to the question of the 
annual dotation to the BIPM. 

Dr VAI'IER (Canada) then made the following statement: 

« The Canadian delegation wishes to congratulate the staff of the BI PM 
for their excellent work during the period since the last CGPM. We wish 
also to congratulate the Director of the BIPM who has managed the Bureau 
in a most competent and professional manner and to commend him for the 
dynamism he has created around himself. as evidenced by the activities of 
his stafT. In this period. during which important changes have taken place in 
thc implementation of standards in realizing the SI units. especially in the 
field of length and electrical standards. the staff of the Bureau has responded 
fully to the needs of the international community. 

« We concur entirely with the international community in regard to the 
importance of the field of measurement science in the modern industrialized 
world. In this context. the BIPM plays an essential role in unifying physical 
measurements on a worldwide basis. and in this way serving the countries 
adhering to the Convention du Metre. 

« However. many adhering countries. including Canada. have seen a change 
in their science and technology agenda due in part to recent financial difficulties 
at the national leve!. These difficulties have also been felt by national 
institutions which have had severe restrictions imposed on the growth of their 
own activities and budgets. These institutions in sorne cases are associated 
very closely to the BIPM and directly provide the national share of the BI PM 
dotation. 

« ln the dotation proposed by the CI PM there is a request for an increase 
of 6 % per year for the next four years. Although we are fully aware that 
the addcd funds wou Id be used for sorne valuable projects which deserve 
extra funding, the increase is not compatible with the restraints that we are 
facing. Consequently. although we are fully supportive of the BIPM as a 
whole and of its management by the Director. we feel we must abstain in 
the vote on the dotation.» 

Prof. KOVALEVSKY summed up by saying that it was time ta vote on the 
report of the ad hoc Working Group which had been read ta the Conference 
during the session of Wednesday 20ctober and for which ample time had 
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been given for reflection and discussion. The vote concerned the acceptance 
of the report, but this amounted to accepting the increase in the dotation to 
the BIPM given by the figures in the report. He reminded the Conference 
that this increase was based upon a rate of 4 % for inflation and 2 % for 
modernization, making a total of 6 %. He made it clear that a definitive vote 
would now take place and called each delegation in turn. The result of the 
vote was: 

number of votes: 38 
for: 34 

abstentions: 4 (Argentina, Canada, India, Indonesia). 

The report of the ad hoc Working Group was then adopted, with the result 
that the fixed part of the annual funding of the BlPM will be increased in 
such a way that the sum of the fixed part and the supplementary part (defined 
in Article 6 (1921) of the Rules Appended to the Convention du Mètre of 
1875) be, for the states subscribing to the Convention at the time of the 19th 
Conférence Générale des Poids et Mesures, raised to 

1993 21 761 000 go Id francs 
1994 23 067 000 gold francs 
1995 24451000 gold francs 
1996 25918000 gold francs. 

17. Proposais from Delegates 

The PRESIDENT confirms that no proposaI has been received by the Comité 
International to be submitted before the Conférence Générale. 

19. Other business 

Mr DRAGULANESCU, head of the Romanian delegation, proposed that a 
Working Group be set up, in the context of the activities of the BIPM, to 
respond to the needs of developing countries. These needs are at two levels: 
sorne are purely metrological, but there is an addition al and greater need for 
information. He would like to see the BI PM participa te more extensively here, 
to the benefit of ail countries, as there is much to be done. The proposed 
Working Group should make recommendations concerning the organization 
of national metrology labo ra tories, several approaches being possible. These 
recommendations might concern, for example, basic equipment and the 
minimum grant required to run such a laboratory. The Working Group should 
also publish specialized bibliographies on the methods and practical procedures 
to be followed in the maintenance and dissemination of units of measurement. 

Prof. KIND, President of the CIPM, replied that it is difficult to give an 
immediate reply to such a question, this kind of activity not being the primary 
role of the BIPM. It is virtually impossible to main tain the highest level of 
accuracy in standards while at the same time providing services on a large 
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scale. However. the CI PM will consider the problem and put it on the agenda 
for the next meeting. He will inform the Romanian delegation of the outcome 
of the discussion. 

Dr Qu!'" said that his first reaction was similar to that of Prof. Kind. He 
felt that the BI PM should do rather more for developing countries. With this 
in mind. he is attempting to circulate existing knowledge and techniques as 
widely as possible. Taking the example of temperature measurement. he 
recalled that the Comité Consultatif de Thermométrie has prepared and 
published a document on secondary realizations of the lTS-90. This is precisely 
the kind of information that would be of help to developing countries. 
Dr Qu!'" took careful note of the Romanian de1egation's request. 

Prof. MARÉCHAL saw a certain danger in responding in too direct a fashion 
ta the request from Romania. He feared that making recommendations on 
the setting up and funding of a national laboratory might lead some 
governments ta misinterpret the intentions of the BIPM and so to imagine 
that it is seeking ta impose its will on them. 

Dr BLLVI" drew attention ta the aid already given by certain developed 
countries to the developing countries. This aid allows the developing countries. 
albeit in an indirect way. to be in contact with the activities of the BIPM at 
the highest leve!. Furthermore. he emphasized that Metrologia is moving in 
this direction since the journal now we1comes articles whose content is at a 
more practical leve!. not calling for the highest accuracy that can be attained 
in metrology. Dr Blevin agreed that the question raised by the Romanian 
delegation should be considered by the CIPM. 

Dr VANIER (Canada) wondered whether the question was being asked in 
the appropriate place. In his opinion. other organizations should be addressed 
on these malters. As far as he was concerned. Canada already gives aid to 
less developed countries by. for example. sending technicians to teach specifie 
skills. 

Dr LYONS agreed that the organs of the Convention du Mètre are not 
those that should be addressed regarding aid to developing countries. The 
problems of these countries are much wider and are principally problems of 
training, Iying outside the competence of the Conférence Générale des Poids 
et Mesures. 

Prof. KIl-'" concluded by saying that the BIPM must be sensitive to the 
needs of ail countries in matters of metrology. but it is the responsibility of 
governments to be aware of the importance of metrology in many sectors of 
activity. both commercial and industria!. The role of the organs of the 
Convention du Mètre is perhaps to help governments become aware of the 
importance of metrology. On the other hand. he feared that ta try and take 
a more active part in the solution of these problems would result in a heav) 
load being placed upon the budget of the BIPM. 
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Dr MOSCATI (Brazil) expressed the wish that Metr%gia would publish 
information on meetings, specialist sessions and publications concerning 
metrology. To find such information is especially difficult in Brazil. 

Mr BLOLET (France) remarked that several of the questions raised merit 
further study and a reply at sorne later date. He suggested that, before the 
next Conference, the CIPM ask member nations what they expect from the 
organs of the Convention du Mètre. The results of this inquiry would show 
what could or could not be done. 

Prof. KIND thanked Mr Blouet for his suggestion and promised that it 
would be noted in the preparation of the next Conférence Générale. 

Prof. MARÉCHAL thought this an important subject for the future policy of 
the BIPM. 

Prof. KI~D said that, as the last item on the agenda had been dealt with, 
the work of the Conférence Générale was drawing to a close. He thanked 
Prof. Maréchal for the firm but flexible manner in which he had led the 
debates. (App/ause). 

Prof. MARÉCHAL thanked Prof. Kind for the compliment, saying that if he 
had been able to maintain a certain flexibility il was thanks to everyone 
present. A large part of the credit must go to those responsible for the 
preparation of the Conference, in particular Prof. Kind, Prof. Kovalevsky, 
Dr Quinn. He also wished to thank those who had worked with great 
diplomacy in the ad hoc Working Group on linancial matters. (App/ause J. 

The session closed at 16 h 50. 

* 
* * 

At 18 h 30 the heads of delegations to the Conférence Générale were invited 
by His Exccllency the German Ambassador to a reception given at the Palais 
Beauharnais, on the occasion of the celebration of a united Germany. 





RESOLUTIONS 

ADOPTED BY THE 19th CONFÉRENCE GÉNÉRALE * 

Time standards and time comparisons 

RESOLCTIOl\ 

The 19th Conférence Générale des Poids et Mesures, 

"oting that the accuracy of clock comparisons has been greatly improved by the 
use of satellite techniques, 

remarks that this accuracy 

can be further improved by the better use of the satellite techniques already 
developed, 

- reveals the differences and systcmatic variations among atomic frcquency 
standards, 

- allows a bettcr synchronization of national time seales, 

recornmends 

- the construction of ncw primary caesium standards, the improvement of the 
frequency accuracy of existing primary standards and the study of the systematic 
differences in frequency whieh exist betwecn them, 

- that the labo ra tories participating in International Atomic Timc (TAI) stabilize 
the environmental conditions of each contributing clock, keep careful records of these 
environmental conditions and report them to the BIPM, 

that the coordinatcs adopted for antennas used in single-way time comparison 
by satellite techniqucs correspond to their real position in the terres trial reference 
system of the International Earth Rotation Service. 

* For the BlPM dotation sec page 179. 
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The Josephson and quantum-Hall e/fects 

RESOLUTION 2 

The 19th Conférence Générale des Poids et Mesures, 

considering 

- that worldwide uniformity and long-term stability of the national representations 
of electrical units arc of great importance for science, industry and commerce for 
both technical and economic reasons, 

- that many national laboratories now use the Josephson and quantum-Hall effects 
for the conservation of their rcpresentations of the volt and the ohm respectively, a 
practice giving complete security in terms of long-term stability, 

- that the values attributed to their representations should be in as close as 
possible agreement with the SI, 

recalling Resolution 6 of the 18th Conférence Générale concerning adjustments then 
foreseen in representations of the volt and the ohm, 

noting the decisions made by the Comité International des Poids et Mesurcs in 
1988, during its 77th Meeting concerning these ad just ment s, in particular the 
conventional values KHO (equal ta 483597,9 GHz/V) and R K90 (equal ta 25812,807 n) 
attributed to the Josephson constant Kj and the von Klitzing constant R K used in 
representations of the volt and the ohm respectively, 

recommends 

- that national laboratories continue their efforts to reduce the uncertainty in the 
knowledge of the ratios K j _901 K j and RK _901 R K , 

that research be continued into the basic theory of the Josephson and quantum­
Hall effects_ 
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The International Temperature Scale of 1990 (ITS-90) and future work in thermometry 

RESOLCTION 3 

The 19th Conférence Générale des Poids et Mesures, 

considering 

- that worldwide uniformity and long-term stability in the measurement of 
tempe rature are of great importance for SCIence, industry and commerce for both 
technical and economic reasons, 

- that the international temperature scale should be as close as possible to 
thermodynamic temperature, 

noting 

- that the 18th Conférence Générale in its Resolution 7 had invitcd the Comité 
International des Poids et Mesures and national laboratories to prepare and adopt a 
new international scalc lo replace the International Practical Temperature Scale of 
1968, by then known to differ significantly from thermodynamic tcmperaturcs, 

- that the International Temperature Scale of 1990 (ITS-90) adopted by the 
Comité International in 1989 at ils 78th Meeting is generally more precise, more 
readily realized and more nearly in accord with thermodynamic temperatures, and 
that it fulfills the requircments demanded of it by Resolution 7 of thc 18th Conférence 
Générale, 

recornrnends that national laboratories continue their efforts to improve the worldwide 
uniformity and long-term stability in the measurement of temperature by the rapid 
implementation of the ITS-90 and the maintenance of research programmes on 
fundamental thermometry. 

SI prefixes zelta, zepto, yotta and yocto 

RESOLljTION 4 

The 19th Conférence Générale des Poids et Mesures 

decides to add to the list of SI prefixes to be used for multiples and submultiples 
of units, adopted by the Il th Conférence Générale des Poids et Mesures (CG PM), 
Resolution 12, paragraph 3, the 12th CGPM, Resolution 8 and the ISth CGPM, 
Resolution 10, the following prefixes: 

Multiplying factor Prefix Symbol 

1021 zetta Z 
10- 21 zepto z 
1024 yolta Y 
10- 24 yocto y 
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the « mise en pratique» of the definition of the metre) 137 

8. Mass and related quantities 139 

Report of the President of the Comité consultatif pour la Masse et les grandeurs 
apparentées (progress report on the third periodic verification of the national 
prototypes of the kilogram; up-dating of the equation for the dctermination of 
the density of moist air; balances) .. ...... . . . . .. 139 

9. The second and International Atomic Time 144 

Report of the President of the Comité Consultatif pour la Définition de la Seconde 
(comparison of lime sealcs; succcss of the transfer of the establishment of the 
TAI scale to the BTPM) . 144 

10. ElectrÎcal standards 147 

Report of the President ad ililerim of the Comité Consultatif d'Électricité (adoption 
of the conventional values KJ.911 and R"'.91'.) 147 

JI. Temperature. the International Temperature Seale of 1990 151 

Report of the President of the Comité Consultatif de Thermométrie (adoption of 
the ITS-90: publication of two supporting documents) 151 

12. Photometry and radiometry .. 

Report of the President of the Comité Consultatif de Photométrie et Radiométrie 
(metrological requirements for optical-fibre technology ; spectroradiometry ; possible 

154 

advantages of using synchrotron eleetron storage ring as the primary standard). 154 

Visit to the Bureau International des Poids et Mesures, Tuesday 1 Detober 1991 

Visit to the BIPM. Reception at the Pavillon de Breteuil. Prof. J. de Boer is presented 
with the insignia of the Légion d'honneur by Prof. J. Hamburger 159 

Third session, Wednesday 2 Detober 1991 

l3. Ionizing radiations 163 

Report of the President of the Comité Consultatif pour les Étalons de Mesure des 
Rayonnements Ionisants (the membership of the CCEMRT is broadened; 
dcvelopment of a reliable standard for the mcasurement of ambient dose 
equivalent; a programme of calorimetrie measurement has just begun; extension 
of the SIR) 163 



L\BLE DES MATII',RLS 191 

14. The International System of Units 166 

Report of the President of the Comité Consultatif des Unités (6th edition of the 
ST brochure to include the decisions concerning the ({ mise en pratique» of 
eleetrical units and the adoption of ITS-90; proposai for new prefixes) 166 

As Secretary of ISO/TC 12, Mr ], Thor thanks ProL l de Boer and Prof H, H. 
Jensen for their contributions to the revision of TSO 31 168 

18. Renewal of one half of the Comité International. Proposai made by the CTPM. 
The ni ne outgoing members arc rc-elected 169 

15. Programme of future work at the BTPM 169 

Presentation of the document entitled ({ Programme of work and budget of the 
BI PM for the four years 1993-1996» 169 

Discussion (the role of the BI PM is recalled ; intervention of the Canadian delegate). 172 

16. Annual dotation to the BI PM (Report of the Working Group on the dotation; 
discussion; trial vote) 173 

Fourth session, Thursday 3 Detober 1991 

Draft Resolutions A, B, C, D; further discussion and votes 177 

A. Time standards and time comparisons: the Draft Resolution is adopted 
(Resolution 1, p. 183) 177 

B. The Josephson and quantum-Hall effects: the Draft Resolution 15 adopted 
(Resolution 2, p. 184) .................. 178 

C. The International Temperature Scale of 1990 (ITS-90) and future work in 
thermometry: the Draft Resolution is adopted (Resolution 3, p.185) 178 

D. SI prefixes zetta, zepto, yOHa and yocto: the Draft Resolution is adopted 
(Resolution 4, p. 185) ............................... 178 

The dotation to the BIPM for the four ycars 1993-1996 is agreed 179 

17. ProposaIs from Delegates 179 

"1\:0 proposaI was received 

19. Other business 

The head of the Romanian delegation proposes the setting up of a Working Group 

179 

179 

to respond to the needs of developing countries. No action is envisaged 179 
The President of the CI PM and the President of the Conference thank everyone 

for the way discussions were prepared and conducted 181 

Texts of the adopted Resolutions 

Time standards and time comparisons. (the construction of new primary caesium 
standards is recommended; efforts to be made on the environmental conditions 
of docks contributing to TAI and on the coordinates adopted for antennas used 
in tîme comparisons): Resolution 1 183 

- The Josephson and quantum-Hall effects (decisions made by the CIPM for the 
conventionaI values for these constants arc noted; research work in the field 
should be continued): Resolution 2 184 

The International Temperature Scale of 1990 (lTS-90) and future work in thermometry 
(rapid Implementation of ITS-90 is advised and research programmes on 
fundamental thermometry should be maintained): Resolution 3 185 

SI prefixes zetta, 7.epto, yolta and yocto: Resolution 4 U~5 
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