


















































work, appears to be an almost ideal way of routinely measuring x-ray spectra from x­

ray diagnostic machines. 

The advantages to be gained by having all measurement standards in one institute 

have long been recognized. The close links that now exist between all areas of 

advanced metrology through their dependence on basic physics reinforce this view. The 

fact that research on a wide range of measurement standards is carried out in one 

location has, in addition to the obvious advantages of scale in terms of common 

services, the great advantage of concentrating intellectual resources where they can be 

most easily tapped either from within the laboratory or from outside. The application 

of silicon crystal x-ray spectrometry to x-ray mammography is in fact a direct result of 

a request to the NIST from the US Conference of Radiation Control Program Directors 

for help, which was then circulated within the NIST and came to the notice of those 

responsible for the silicon crystal research. 

A national institution devoted to metrology should also become well known 

throughout the country, should provide easy access for those needing advice and be 

clear point of reference for all questions related to measurement. A recent study [14] 

of what industrial companies expect to gain from contacts with Federal laboratories in 

the US, for example, showed that easy and direct access to specialized technical 

resources was voted on equal first in importance with the possibility of collaborative 

projects. Great emphasis was placed on the need for such laboratories to make widely 

known the range and depth of their activities and to facilitate outside access. The 

conclusion of this study should be taken careful note of by national metrology 

laboratories whose technical resources are often unique in their country. 

7.3. International representation 

Global industrial and commercial activity is increasingly regulated at a technical 

level through international standards (ISO, IEC) and through international agreements 

such as those made under the International Radio Consultative Committee (CCIR) or 

the Convention du Metre. These agreements and standards are drawn up by 

international committees whose members are experts nominated by their governments. 

The scientific or technical competance of the individual expert strongly influences the 

decisions made by such committees. National interests, which may have important 

commercial or prestige aspects, thus depend on having strong representation on these 

committees. In metrology, national representatives on international committees are 

drawn almost exclusively from national metrology laboratories. It is thus in the 
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national interest that the national laboratory, irrespective of its size, provides good 

representation for international committees. 

7.4. International cooperation between metrology laboratories 

In the past, international cooperation in metrology was carried out almost 

exclusively through the BIPM and concerned only national standards at the highest 

level. This is no longer the case. The development of national calibration services, the 

certification and accreditation of calibration and testing laboratories has led to 

international links between these services. It has also led to greater activity in the 

international comparison of standards at levels other than the national primary ones. 

The increase in international activity in metrology at levels other than that dealt 

with by the BIPM, began in the 1970s with the creation by the Commission of the 

European Communities of its Community Reference Bureau (BCR), recently renamed the 

Measurement and Testing Programme. The BCR had as part of its programme the 

support of applied metrology in the EC countries. The major part of its early effort, 

however, was the establishment of traceability and good measurement practice in the 

vast range of chemical analyses related to agriculture, food and, to a lesser extent, 

medicine. The success of the BCR in showing up, and in due course reducing, some of 

the very wide divergences that existed between analytical laboratories in different 

countries of the then European Community has already been remarked upon in 

Section 5. In 1987 stimulated by the activities of the BCR and the growing level of 

European collaboration in other areas, the national laboratories of the EC countries, 

together with a number of those from the EFTA (European Free Trade Association) 

countries, created EUROMET. EUROMET is a European collaboration in measurement 

standards and in 1993 has eighteen participating national metrology institutes plus the 

Commission of the EC. The stated aims of EUROMET are: 

i) to develop a closer collaboration between members in the work on measurement 

standards within the present decentralized metrological structure, 

ii) to optimize the utilization of resources and services of members and emphasize the 

deployment of these towards perceived metrological needs, 

iii) to improve measurement services and make them accessible to all members, 

iv) to ensure that national facilities developed in the context of EUROMET 

collaboration are accessible to all members. 
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Similar regional metrology organizations have since been set up in other parts of 

the world, notably the Asia/Pacific Metrology Programme, which includes members from 

the Asia-Pacific region including Australia and China, and NORAMET which comprises 

the national metrology laboratories of Canada, Mexico and the USA. Similar regional 

metrology organizations are also being formed in South America and Eastern Europe. 

At present the most active of these regional organizations is EUROMET. All this 

regional activity is complementary to that of the BIPM which ensures worldwide 

traceability of measurement standards. The BIPM now takes care to include, as far as 

possible, at least one representative from each of the regional organizations in its own 

international comparisons of measurement standards. For metrology in chemistry, the 

work of the BCR also stimulated the European laboratories responsible for chemical 

analysis to form EURACHEM which is to the field of analytical chemistry what 

EUROMET is to the field of physical measurement. Founded in 1989 by a group of 

directors of laboratories from ten countries in Europe, EURACHEM now has members 

from seventeen countries and includes delegates from governments, universities and 

industry. The aim of EURACHEM is to provide a framework in which analysts can 

collaborate and improve the accuracy of chemical measurements. 

8. The cost of maintaining a national measurement system 

Measurement and measurement related operations have been estimated to 

account for between 3 % and 6 % of the GDP of industrialized countries [15, 16]. 

The cost of maintaining a national measurement system in an industrialized 

country is between about 40 and 70 parts in 106 of the GDP. For the twelve EU 

countries the total direct spending on national measurement systems in 1992 was about 

400 Mecu, equivalent to nearly 70 parts in 106 of the GDP of the Community. For the 

UK and Germany the figures are similar, but a little less than this. For the USA the 

cost of the metrology and related activities of the NIST alone, 170 million dollars, 

represents 30 parts in 106 of the 1992 GDP and for Japan the figure is between 20 and 

40 parts in 106 of GDP depending upon whether or not the industrial metrology at the 

Prefecture level is taken into account. Not included in the figure of 30 parts in 106 for 

the USA, however, are other costs related to the national measurement system that are 

included in the EU figures. In the USA, for example, the National Conferences of 

Standards Laboratories (some 1200 members) and of Weights and Measures 

Laboratories (members from each of the States) are integral parts of the national 

measurement system and are not funded through NIST. The announced intention of the 
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US government to double the direct funding of NIST within three years should be noted. 

There should, nevertheless, be economies of scale in the USA and Japan which have 

central national metrology institutes, relative to the EU in which each member nation 

has its own metrology institute. In some rapidly developing countries in the 

Asia/Pacific region, expenditure on establishing a national measurement system reaches 

100 parts in 106 of GDP. In terms of the figures given here, the cost of maintaining a 

national measurement system represents a few tenths of a percent of the 3 % to 6 % 

estimated to be spent by industrialized nations on measurement and measurement­

related operations. 

At an international level, the principal cost of maintaining the international 

measurement system is that of supporting of the BIPM, which, in 1992, was 7 million 

dollars. This represents about 0,4 parts in 106 of the GDP of each of the member 

nations of the Convention du Metre and is on average less than 1 % of what each 

country spends on its own national metrology laboratory. 

9. Final remarks - a personal view 

In concluding this overview of the field of measurement science and its role in 

society, I would like to highlight just a few of what I consider to be the most important 

features: 

- Metrology is an essential part of the infrastructure of today's world. 

- The economic success of most manufacturing industries is critically dependant on 

how well products are made and measurement plays a key role in this. 

- Human health and safety depend on reliable measurements in diagnosis and 

treatment. 

- The protection of the environment from the short and long-term destructive 

effects of industrial activity can only be assured on the basis of reliable and, 

therefore, accurate measurements. 

- Physical theory, upon which all of today's high technology and tomorrow's 

developments are based, is reliable only to the extent that its predictions can 

be verified quantitatively. 

- There exists a world-wide measurement system maintained under an 

intergovernmental convention which assures the uniformity and accuracy of 

today's measurement standards and provides the research base in 

measurement science that will allow tomorrow's standards to be developed. 
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Between 3 % and 6 % of GPD in industrialized countries is devoted to 

measurement and measurement-related activities. The cost of providing a 

national measurement system is a few tenths of a percent of this, equivalent to 

between 30 and 70 parts in 106 of GPD. A further 0,4 parts in 106 of GDP goes 

to providing the support for the international measurement system through the 

BIPM. 

At the beginning of this article I referred to the difficulties that sometimes arise in 

justifying to goverments the costs of national measurement systems - principally for the 

maintenance of national metrology laboratories. In describing the activities of national 

metrology laboratories I laid great stress on the benefits that an active metrology 

laboratory brings to national affairs through its support of industry and the provision 

of advice to government and national representation on international bodies. 

I end by urging goverments to maintain their metrology laboratories and most 

particularly to maintain their active research base. Without long term research it is not 

possible to meet industrial requirements for accurate measurement standards and the 

research base, once lost, can only be re-established at great cost and over a 

considerable time. The national metrology laboratories are national assets whose 

influence is largely hidden and diffuse, but represent a significant and cost-effective 

contribution to national affairs. 
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Figure captions 

Figure 1. Trends in limiting values of tolerances in normal, precision and ultraprecision 

regimes [2]. 

Figure 2. Aerospace geared power transmissions: state of the art and benefits of 

improved precision. (courtesy Rolls-Royce Limited) 

Figure 3. Miniaturization of integrated circuits. (source: Siemens, 1991) 

Figure 4. The industrial influence of the 671 calibrations carried out by the PTB for the 

German calibration service DKD in 1992 shown by the 1,3 million calibration certificates 

issued by just three of the major industrial users [10]. 

Figure 5. Lines of traceability within the international metrology system [11]. 
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Table 1. Value of Shipments ($B) of Key Sectors of 
Overall V.S. Discrete-Parts Manufacturing Industry [2]. 

Discrete-Parts Industry Sector 

Automotive 
Motor Vehicles 
Farm and Construction Equipment 

Fabricated Metal Products 
Aerospace 

Commercial!Military Aircraft 
SpacecraftIMissiles 

Instrumentation, Measurement/Control 
Corn puter/Comm unications 
Electronic Components 

Total for Industries Shown 

Shipments 

$ 241 B 
$ 205 B 
$ 36 B 
$ 146 B 
$ 104 B 
$ 78 B 
$ 26 B 
$ 108 B 
$ 96 B 
$ 50 B 

$ 649 B 



TABLE 2 '0 - Tolerances on components for a range of modern product..<; [3] 

Tolerance Mechanical Electronic Optical 
band 

nonnal 200 [Lm nonnal domestic general-purpose camera, telescope and 
machining appliances and electrical parts, binocular bodies 

automotive fittings e.g. switches, 
etc. motors and 

connectors 

50 [Lm general-purpose transistors, diodes camera shutters 
mechanical parts 

magnetic heads for lens holders for for typewriters, 
engines etc. tape recorders cameras and 

microscopes 

preClson 5 [Lm mechanical watch electrical relays lenses 
machining parts 

machine tool bearings resistors, condensers prisms 

gears silicon wafers optical fibre and 
connectors 
(multimode) 

ballscrews TV colour masks 

rotary compressor 
parts 

0.5 [Lm ball and roller magnetic scales, CCD precision lenses 
bearings 

precision drawn wire quartz oscillators optical scales 

hydraulic servo-valves magnetic memory I C exposure masks 
bubbles (photo, X-ray) 

aerostatic bearings magnetron, le line laser polygon mirrors 
width 

ink-jet nozzles thin-film pressure X-ray mirrors 
transducers 

aerodynamic gyro thennal printer heads elastic deflection 
bearings mirrors 

thin-film head discs monomode optical 
fibre and 
connectors 

ultra-precision 0.05 [Lm gauge blocks IC memories optical flats 
machining 

diamond indentor tip electronic video discs precision Fresnel 
radius lenses 

microtome cutter edge LSI optical diffraction 
radius gratings 

ultra-precision X-Y optical video discs 
tables 

0.005 [Lm VLSI Ultra-precision 
diffraction gratings 

superlattice thin films 

Notes: CCD charge-coupled device, IC integrated circuit, LSI large-scale integration, VSLI very-large-scale integration. 



Table 3. Summary of the 1986 recommended values of the fundamental physical constants. (9] 
An abbreviated list of the fundamental constants of physics and chemistry based on a 

least-squares adjustment with 17 degrees of freedom. The digits in; parentheses are the 
one-standard-deviation uncertainty in the last digits of the given value. Since the uncertainties 
of many of these entries are correlated, the full covariance matrix must be used in evaluating 
the uncertainties of quantities computed from them. 

Relative 
uncertainty 

Quantity Symbol Value Units (ppm) 

speed of light in vacuum c 299792458 ms-I (exact ) 
permeability of vacuum Po 41rX 10-7 NA-2 

=12.566370614 . . . 10-7 N A-2 (exact) 

permittivity of vacuum (0 1/lJoc2 

=8.854187817 ... 10- 11 Fm-I (exact ) 
Newtonian constant G 6.67259(85) 10- 11 m3 kg-I S-2 128 

of gravitation 
Planck constant h 6.6260755(40) 10-34 Js 0.60 

h/21r h 1.05457266(63) 1O-:H J s O.CO 
elementary charge e 1.60217733( 49) 10-19 C 0.30 
magnetic flux quantum, h/2e 4>0 2.06783461(61) 10- IS Wb 0.30 
electron mass me 9.1093897(54) 10-31 kg 0.59 
proton mass nlp 1.672 6231( I 0) 10-27 kg 0.59 
proton-electron mass ratio ,np/me 1836.152701 (37) o.o~o 

fine-structure constant, } 110 ce2
/ h a 7.29735308(33) 10-3 0.045 

inverse fine-structure constant a-I 137.0359895( 61) 0.045 
Rydberg constant, }meca7

/" Reo 10973 731.534 ( 13) m-I 0.0012 
A vogadro constant NA,L 6.0221367(36) 1023 mol-I 0.59 
Faraday constant, N A e F 96485.309(29 ) C mol-1 0.30 
molar gas constant R 8.314510(70) J mol-1K-1 8.4 
Boltzmann constant, R/NA k 1.380 658( 12) 10-23 J K-1 8.5 
Stefan-Boltzmann constant, q 

(1r2 j 60 )k4j h 3c2 
5.67051(19) 1O-8 W m-2 K- 4 31 

N on-SI units: ::;ed with SI 

electron volt, (e/C) J = {e} J eV 1.60217733(49) 10- 19 J 0.30 
(unified) atomic mass unit, u 1.6605402(10) 10-27 kg 0.59 

I u = mu = /2m(l2C) 


