| hd |

NRC Publications Archive
Archives des publications du CNRC

The metric system
Legget, R. F.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/40000832
Canadian Building Digest, 1968-04

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=fc5ebbad-99ae-4027-a8d8-8448cbc49a0c
https://publications-cnrc.canada.ca/fra/voir/objet/?id=fc5ebbad-99ae-4027-a8d8-8448cbc49a0c

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de C d
Council Canada recherches Canada ana a



CANADIAN

BUILDING DIGEST

DIVISION OF BUILDING RESEARCH e NATIONAL RESEARCH COUNCIL

THE METRIC SYSTEM

by R. F. Legget

The metric system of measurement is now
in mandatory legal use in countries in which
almost 90 per cent of the total population of the
world resides. It is legally authorized for use,
although not yet mandatory, in the other coun-
tries of the world where foot-pound units, or
the British system of measurement, still remain
in official use. Canada is one of these few re-
maining “foot-pound countries,” even though
the use of metric measurement has been legal
here since 1873; corresponding legal action
was taken in the USA in 1866.

The fact that Great Britain, following a
decision to adopt decimal coinage by 1971, has
decided to convert completely to the metric
system by 1975 is bound to have a profound
effect upon Canada’s position. When the time
for the change to metric does come in this
country, the Canadian construction industry
will inevitably be involved. It is desirable,
therefore, that the industry should have avail-
able in convenient form the essential facts
about the metric system of measurement. It is
the purpose of this Digest to provide such a
summary statement.

It is not inappropriate that this should be
the hundredth issue of the Canadian Building
Digests, since the essence of the metric system
is dependence upon multiples of ten for all its
subdivisions. Although ten is, to some extent, a
“natural” number it is not as convenient in
some respects as the number twelve. It cannot
be divided, for example, by three or four. But
the natural advantages of the number ten, the
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fact that the whole number system is based
upon ten and, above all, the almost universal
use of the metric system throughout the world,
exclusive of North America, combine to make
it clearly desirable as the universal interna-
tional system of measurement.

History

The basic idea of a decimal system of units
is generally attributed to Simon Stevin (1548-
1620) to whom the world is even more indebt-
ed for the concept of decimal fractions. In
1670, Gabriel Monton, Vicar of St. Paul’s
Church in Lyons, France, first proposed a
comprehensive decimal system of measurement
and suggested that this be based on the length
of an arc of one minute of a great circle of the
earth. The Academie des Sciences of France
gave consideration to the use of decimal units
from the time of its establishment in 1666.

It was, however, the intellectual ferment
associated with the French Revolution that
finally — and after a long interval — led to
action. Advised by leading scientists of the day,
Talleyrand, the great foreign minister of France
at the turn into the nineteenth century, at-
tempted to establish an international decimal
system of weights and measures “a tous les
temps, A tous les peuples.” The proposal, first
introduced in 1791, was based on the metre as
a unit of length, defined as one ten-millionth
part of the meridional quadrant of the earth.
Checks upon this distance led to some of the
earliest accurate geodetic survey work.
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Acceptance of the new system in France,
despite its distinguished scientific support, de-
veloped only very slowly. The Government of
France was forced to pass a law as late as 1837
forbidding the use of the older system of meas-
urement. Gradually, however, the metric sys-
tem won approval not only in France but in a
steadily increasing number of other countries.

In view of its recent adoption in Great
Britain, it is of some interest to note that its
use was permitted in the United Kingdom be-
tween 1864 and 1878. The British Weights and
Measures (Metric System) Act of 1897 legal-
ized its use in trade, but it was not until 1965
that the British Government, at the request of
industry, announced the decision to convert all
measurement to the metric system by 1975.

International Control

As the number of “metric countries” in-
creased in the second half of the last century,
the need for coordination of national systems
of measurement became evident. The first basic
international agreement regarding the metric
system was the “Convention du Metre.” This
treaty was signed by the plenipotentiaries of
eighteen states in Paris in 1875. It was revised
in 1921. Other states have joined in its support
so that there are now over 40 adhering states.
Any other state may join by simply notifying
the French Government, with whom the treaty
is deposited. The adherence is made final when
the French Government informs the President
of the International Committee (see below).

The Bureau International des Poids et
Mesures was established under the terms of the
original treaty. The Bureau provides the neces-
sary technical and research supporting services
to the international measurement system. Lo-
cated in the Pavillon de Breteuil within the
Parc de Saint-Cloud, about 10 kilometres south-
west of the centre of Paris on land that has
been deeded as international territory, the well-
equipped laboratories of the Bureau now em-
ploy a staff of about 40, about two-thirds of
whom are engaged on scientific work.

The work of the Bureau is under the general
direction of the Comité International des Poids
et Mesures (the International Committee on
Weights and Measures). This important group
consists of eighteen members from eighteen
countries and is the key organization in the
metric field. (Canada has played a notable role
in this Committee, Dr. L. E. Howlett, Director
of the Division of Applied Physics, NRC, hav-
ing been elected President in 1964.)

Not only does this Committee nominate the
Director and senior staff members of the Bu-
reau, but it also has the privilege of calling the
governments that adhere to the Convention du
Métre to meet in a Conférence Générale des
Poids et Mesures. This Conference must be
convened at least once every six years. It is the
medium through which adhering governments
agree on the exact details of the physical con-
stants they will use, on the recommendation of
the Committee. Seven Advisory Committees
(Comités Consultatifs) composed of leading
international authorities in metrology assist the
main Committee with the detailed scientific
aspects of its work.

Systéme International d’Unités (SI)

Six of these Advisory Committees deal res-
pectively, with the scientific aspects of the de-
finitions of the metre, the second, thermometry,
electricity, photometry, and standards of ioniz-
ing radiations. The seventh Advisory Commit-
tee, established in 1964, is responsible for the
coordination of the basic units in the Inter-
national System of Units, more commonly
known by the initials of the name in French.
SI units are becoming well recognized as the
desirable units for legal adoptions; and Bri-
tain’s conversion is, officially, to SI units.

As early as 1913 the General Conference
on Weights and Measures requested the Inter-
national Committee to investigate the possi-
bility of an integrated system of units. In the
years following the Second World War an
tnquiry on the subject was addressed to all
countries. Following discussion and study of
the replies received by the International Com-
mittee, and following decisions of the General
Conference in 1954 and 1960, the Systéme
International was adopted. It is steadily coming
into world-wide use not only on a national
basis but also by such bodies as the Inter-
national Organization for Standardization
(ISO).

The Systéme International consists of six
basic units and the coherent units derived from
them. The basic units are for length (metre),
mass (kilogram), time (second), electric cur-
rent (ampere), absolute temperature (degree
Kelvin), and luminous intensity (candela). A
number of other important units — such as
those for force and electrical resistance — can
be derived from the basic units and are coher-
ent with them. The Systéme is “coherent” in
that the product or the quotient of any two unit
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quantities in the system is the unit of the resul-
tant quantity. In other words, all derived units
are directly interrelated with two or more of
the six basic units.

The Systéme International also provides for
uniformity in terminology and mathematical
symbols. Typical items from the official list of
fourteen multiples and sub-multiples of SI units
are:

Multiplication Factor Prefix Symbol
1,000 109 kilo k
100 10? hecto h
10 10! deca da
0.1 10-! deci d
001 10-2 centi <
0001 10-2 milli m

The value of international agreement on such
designations will be obvious.

Somewhat naturally, the scientific definitions
for the basic units are, in general, very much
more sophisticated than earlier metric descrip-
tions. With the exception of the kilogram, all
the basic units now depend fundamentally
upon most accurate physical measurements
such as can be carried out in a relatively few
modern metrological laboratories. The kilo-
gram, on the other hand, is still the weight of
the polished cylinder of platinum-iridium alloy
entrusted to the custody of the Bureau Inter-
national des Poids et Mesures. It has a diameter
of 39 mm, and its height is identical so that it
roughly approximates a sphere.

SI Units

For convenient reference the current defi-
nitions of the six basic SI units are as follows,
the numbers in parenthesis being the years in
which the latest revisions of the definitions
were approved:

Metre (m): The metre is the length equal to
1 650 763.73 wavelengths in vacuum of the
radiation corresponding to the transition be-
tween the levels 2p,, and 5d; of the krypton-86
atom (1960).

Kilogram (kg): The kilogram is the unit of
mass; it is equal to the mass of the international
prototype of the kilogram (1901).

Second (s): The second is the duration of
9192631 770 periods of the radiation corres-
ponding to the transition between the two hy-
perfine levels of the ground state of the
caesium-133 atom (1967).

Ampere (A): The ampere is that constant cur-
rent which, if maintained in two straight
parallel conductors of infinite length, of negli-
gible circular cross-section, and placed 1 metre
apart in vacuum, would produce between these
conductors a force equal to 2 X 10-7 newton*
per metre of length (1948).

Kelvin (°K): The kelvin, unit of thermodyna-
mic temperature, is the fraction 1/273.16 of
the thermodynamic temperature of the triple
point of water (1967).

Candela (cd): The candela is the luminous in-
tensity in the perpendicular direction of a sur-
face of 1/600 000 square metre of a full radia-
tor at the temperature of freezing platinum
under a pressure of 101 325 newtons per square
metre (1967).

These definitions will appear to some to
be very rigorous and possibly far removed
from the practice of everyday. It may be help-
ful, therefore, to note that Canada already uses
three of the basic SI units — the second, the
ampere, and the candela — and may soon be
expected to use degree Celsius instead of de-
gree Fahrenheit, which would be equivalent to
using a fourth. There will then remain just the
metre and the kilogram.

The Metric System

Although SI units will be those now uni-
versally adopted for legal official use, the “man
in the street” may for some time think and
talk of the more commonly appreciated metric
units. But as the definitions of the standard
foot and the standard pound are rarely thought
about by those who use the British foot-pound
system of measurement in everyday practice,
so will SI units gradually come into use with-
out consideration for the scientific definitions
just cited. It is clearly desirable, however, that
the scientific background of the more common
ST units should be generally appreciated if
only because it constitutes one of the reasons
why the ultimate universal use of the Systéme
International can be confidently predicted.

*Newton (N): SI unit for force, derived from the basic units
and defined as that force which, applied to a mass of 1 kg,
gives it an acceleration of lm/secssec.
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CONVERSION FACTORS

British to
Metric Unit British Unit Metric to British Metric
kilometre (km) 0.621 mile
mile 1.609 km
Length metre (m) 3.281 1t
foot (ft) 0.305 m
millimetre (mm) 0.0394 in
inch (in) 25.400 mm
kilogram (kg) 2.205 Ib
pound (Ib) 0.454 kg
Mass gram (g) 0.035 oz
ounce avoirdupois (0z) 28.350 g
square kilometre 0.386 mile?
(km?)
square mile (mile?) 2.590 km
hectare (ha) 2.471 acre
acre 0.405 ha
Area square metre (m?) 10.764 ft?
square foot (ft?) 0.093 m?
square millimetre 1.550 00 X 10-3 in?
(mm?)
square inch (in?) 645.16 mm?
cubic metre (m?) 35.315 ft?
Volume cubic foot () 0.028 m?
. litre (1) 0.220 gal
Capacity UK gallon (UKgal) 15461
newton (N) 0.225 1bf
Force pound-force (Ib1) 4448 N
newton per square 1.4504 X 10- Ibf/in?
metre (N/m?)
Pressure, stress pound-force per square inch 6894.8 N/m?
(Ibf/in?)
kilogram per
cubic metre 0.062 Ib/ft?
(kg/m?)
Density . pound per cubic foot (Ib/ft3) 16.019 kg/m?
r er i
(mamuchume) | S o o018
(g/cm?)
pound per cubic inch (Ib/in?) 27.680 g/cm?

Reprinted with permission from: A Guide for the Use of the Metric System in the Construction Industry.
British Standards Institution, PD 6031, February 1967.
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