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Fifth Meeting of the Comit6 Consultatif 
pour la DQfinition du Matre 

The Comit6 Consultatif pour la DBhition du 
Mktre (CCDM) met a t  the Pavillon de Breteuil on 
13 t o  15 June 1973, and reached some important 
agreements concerning the values to be used for the 
wavelengths of stabilized gas laser radiations and the 
speed of light. The members were facing an apparently 
impossible task: to state the results of experimental 
measurements of quantities which are more precisely 
defined than the realization of the unit (the metre) 
in terms of which they must be expressed; this means 
that they had to  guess something about the future 
redefinition of the metre. The CCDM is well suited to 
such a delicate task: its first responsibility is and has 
always been the deiinition of the metre andits members 
represent the major laboratories where research is 
going on in laser stabilization, waveIength and fre- 
quency measurements of laser radiations, and practical 
measurement of length standards ; in addition, astro- 
nomers interested in the speed of light and experts in 
geodetic length measurements had been invited to  
participate in this meeting. 

The first item to consider was the precision of the 
meter as realized by means of a krypton 86 lamp and an 
interferometer, and the degree of agreement of several 
laboratories aiming a t  the utmost precision. Recent 
experimental evidence demonstrates an agreement 
within i- 3 or 4 parts in IO9 ,  better than had been 
stated earlier. The length of the metre as 
realized a t  present and as incorporated in the results 
of length measurements by these laboratories will have 
to  be preserved without discontinuity, within a toler- 
ance smaller than 4 x IO-$, in any future redeiini- 
tion of the metre, even if it is discovered later that the 
practical present realization does not provide exactly 
the krypton radiation as emitted by krypton atoms 
unperturbed and at  rest. 

The second item was to  choose the best values for 
the vacuum wavelengths of radiations produced by 
He-Ne lasers stabilized on molecular absorption lines 
of I, ( A =  0.633 pm), CH, ( A =  3,39 pm), and CO, 
(A = 9 or 10 pm), when these wavelengths are measured 
against the krypton 86 standard. Notwithstanding the 
variety of experimental methods and of adopted shape 
of the spectral profile of the krypton radiation (which 
has been reported to  be slightly unsymmetrical, but 
the observations are somewhat contradictory), the 
agreement of six laboratories on the wavelength, and 
the agreement of four laboratories on the CH, I, wave- 
length were within & 3 x 10-9, so that the CCDM 
adopted the mean values as stated in the Recom- 

mendation below (English translation, original in 
French) : 

Recommendation M I  (1973) 
The Comitk Consultatif pour la Ddfinition du Mktre in 

accordance with Recommendation M 2 (1 970) concerning the 
study of radiations from lasers stabilized by absorption lines of 
iodine and methane and the measurement of their wavelength, 
having examined the results of comparisons of the wavelengths 
of these radiations with that of the radiation used to define 
the metre and after discussion of the degree of agreement 
among a number of laboratories, 
Considers that the practical realization of the metre in these 
comparisons shows a consistency of better than one hundred 
millionth (lo-*), 
Recommends the use of the following values of wavelengths in 
vacuum of the radiations of helium-neon lasers stabilized by 
the absorption lines 
line wavelength in vacuum 
methane, P (7), band vs 3 392 231.40 x 10-l2 m 
iodine-127, R (127), band 11-5 

component i 

Estimates that the wavelengths of these radiations have the 
values stated to 5 4 parts in I O 8  and that this uncertainty 
represents mainly the present indeterminacy of the practical 
realization of the metre, 
Notes that the components of the line R (127) of the 11-5 
band of iodine-127 and components of iodine-129 may be used 
without degradation of the precision by taking account of the 
differences of frequency; for example, the wavelength of the 
component B of 1291, as deduced from these differences of 
frequency is 1.321 16 x m leas than that of the component 
i of '*'I2, that is its wavelength is 632 990.078 x m. The 
designation of these components is explained in . . .l. 

One can understand that these radiations may be 
used as secondary wavelength standards not only as a 
mere substitute of the krypton 86 standard, but also, 
for the sake of uniformity, when the indeterminacy 
of the krypton 86 standard ( is worse than 
the precision of the measurement of, for instance, the 
wavelength of another stabilized laser radiation. 

Wavelength measurements of CO, lines were also 
reported, for instance for the line R (18) with the 
result 9282442.74 x 10-12 m but the precision cannot 
be ascertained, lacking confirmation from several 
other laboratories; many other lines of COz in the same 
spectral region can be used, the wavelengths of which 
can be deduced using frequency differences. 

The third item was the choice of the best value for 
the speed of electromagnetic waves in vacuum. Three 
concordant recent results were available, but the one 
obtained from the NBS (Boulder) frequency measure- 
ment of the CH, radiation against the Cs standard 
is five and fifteen times respectively more precise 
than the two others ; this concordance strongly 

1 Note of tL BIPM 
The reference or references will be completed before the 

632 991.399 x 10-la m 

4 x 

final publication of the Recommendation. 
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suggests the absence of gross systematic errors. The 
Boulder frequency measurement uses a number of 
intermediary standards, all of which have been studied 
in other laboratories with good agreement from Cs to 
CO,, the last step from CO2 to CH,, not the most 
difficult, being achieved at  Boulder only. Using the 
Boulder frequency value and the mean wavelength 
value of the CH, radiation, one obtains a value of the 
speed of light with an uncertainty which reflects the 
indeterminacy of the realization of the metre, and the 
CCDM adopted the following Recommendation : 

Rmmendatim M 2 (1973) 

Considering the recommended line of methane and the value 
of its wavelength in vacuum of 3 392 231.40 x m which 
is estimated to have a precision of f 4 parts in 10°, and the 
value (88 376 181 627 -I 60) kRz of the frequency of this 
radiation determined by the National Bureau of Standards 
utilising intermediate standards of which the frequencies have 
been confirmed bv indemndent measurements in other 

Th Cornit4 Conadtatif paur la Dkfinith du Mare 

laboratories, 
&"er8 that the value of the speed of propagation of light 
in vacuum which they imply is 299 792 468 metres per second 
with an uncertainty bf a6o& +- 4 parts in loo  whhh followa 
from indeterminacy in the practiwl realization of the metre, 
Notes that this value is consistent within the estimated un- 
certainties with the two other most recent independent 
mertmments that were reported to this seasion of the Comit.6 
Consultatif pour la, DBhition du MBtre. 

There was an urgent requirement to state a value 
of the speed of light agreed upon after careful con- 
sideration by experts in several fields, including 
astronomy, in order to avoid the further propagation 
of slightly Werent values already published by 
various authors. The value stated by the CCDM, 
c = 299792468 m/s, was recommended soon after- 
wards by the General Assembly of the International 
Astronomical Union in Sydney (August 1973), to be 
used, for instance, in Moon laser ranging. In  addition, 
the astronomers requested that the International 
Committee of Weights and Measures keep this value 
unchanged when the metre is redefined; certainly, 
every one hopes this will be possible, but the necessary 
condition is that any new experimental results of 
acceptable quality will not contradict the evidence 
used in the derivation of this currently agreed value of 
c, that is to say that they must agree within the 
indeterminacy of the realization of the metre from 
its krypton 86 definition, viz h 4 parts in 109. 

The CCDM members gave considerable thought 
to the question of redefining the metre when the time 
is ripe, but they felt it premature to make any formal 
suggestion, except that even if the future definition of 
the metre is such that it implies a h e d ,  conventional, 
value of c, the metre should retain its status of base 
unit in the International System of Units notwith- 
standing the fact that, in the laboratory processes to 
realize the metre, its length might have to be derived 
from other standard quantities. In other words, the 
metre must keep its character of independance in the 
SI, but just from the dimensional point of view. 
Further work is needed before the metre is redefined, 
as stated in the Third Recommendation: 

R e o o m m e u h  M 3 (1973) 

Cmflrm-3 its previoua recommendation M 4 (1970) emphasising 
the need for new investigations in anticipation of a future 

The Comitk Conadtatif pour la Ddfinition du B&re 

definition of the metre that would be more precise than the 
present definition, especially of new measurements of optical 
frequencies and of new comparisons of wavelengths of radiations 
of stabilized lasers. 

It is evident that this meeting of the CCDM was a 
useful and successful one, thanks to the many experi- 
mental results reported (many of them yet unpublished) 
and to the careful preparation by previous correspond- 
ance resulting from a questionnaire issued by the 
Bureau International des Poids et Mesures. The 
Chairman should have been Sr. Otero, who is also 
Chairman of the Comit6 International, but on account 
of illness, the meeting was chaired by Pr. U. Stille, 
President of the Physikalisch-Technische Bundesan- 
stalt in Braunschweig, member of the International 
Committee. 

62nd Session of the Comit6 International des Poids 
et Mesures 

The Comite International des Poids et Mesures, a t  
its annual meeting which took place on 2 to 4 October 
1973, expressed its satisfaction concerning the Recom- 
mendations elaborated by the Comit6 Consultatif pour 
la DBfinition du MBtre. The Chairman Sr J. Otero and 
all the members fully approved these Recommenda- 
tions which combine several advantages: they do not 
prejudice any future redefinition of the metre (which 
will not be ready at the next Confkrence GBn6rale in 
1976) but nevertheless provide provisional wavelength 
standards to be used when the precision of the present 
definition is not sufficient; they state a best value of 
the speed of light which has been accepted with thanks 
by astronomers. The astronomers had asked for a 
recommended value for c and hope that it need not be 
changed in the future because they have to use it in 
series of observations extending over many years ; 
the Comit6 International agrees to keep the value of 
the speed of light unchanged in any future redefini- 
tion of the metre unless new experiments prove that 
the present evidence is wrong by an amount exceeding 
the estimated precision of the metre (4 parts in 109). 

The Comite International discussed at length the 
work programme of the BIPM laboratories between 
now and 1980. The various sections of activity are 
mainly : standards and measurements of length, 
including laser wavelengths ; mass ; density; accelera- 
tion due to gravity; temperature ; pressure; electrical 
quantities including Josephson effect voltage steps; 
photometric quantities; x and pray exposure; 
activity of radionuclides ; neutronic quantities. It 
was generally agreed that the BIPM should extend the 
realization of the International Practical Tempera- 
ture'scde at  least down to the boiling point of oxygen 
(-182.962 "C), instead of being restricted from 0 "C 
to 1064..43"C, and that the Comit6 Consultatif de 
PhotomBtrie et Radiometrie should advise upon the 
desirability of the BIPM's engaging in radiometry 
(measurement of visible or near-visible optical 
radiation in terms of energy units). The BIPM should 
continue to develop its expertise in atomic standards, 
in particular stabilized gas lasers. It was stressed that 
the BIPM needs young physicists of the highest level 
in order to cope with new developments in scientific 
metrology as soon as possible, to be able to collaborate 
with the major national laboratories, and to provide 
to all nations the standards they need with the highest 
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attainable precision and accuracy, without increasing 
significantly its staff which comprises only a dozen 
physicists and a dozen technicians. 

affairs (accounts, salaries, staff regulations), meetings 
of the Consultative Committees during the next two 

years, and preparation of the celebration of the cen- 
tenary of the treaty “Convention du Mhtre” by which 
the BIPM was created in 1875. This celebration will 

Other matters discussed were administrative take place on 26 May to 3 June 1975 together with the 
meeting of the 15th Conf6rence G6n6rale des Poids et 
Mesures in Paris. 

~- ___--___. 
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