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National foreword

This British Standard is identical with IEC Publication 468 ‘Method of measurement of resistivity of metallic materials’
published in 1974 by the International Electrotechnical Commission (IEC). It is published under the direction of the
General Electrotechnical Engineering Standards Committee.

This standard supersedes BS 3239 : 1960 ‘Determination of resistivity of metallic electrical conductor materials’ and
BS 4059 : 1966 ‘Methods for the determination of mass resistivity and mass conductivity of metallic electrical conductor
materials’, which will be withdrawn.

This standard is applicable to conductor and resistor materials composed of metal or metals and is not necessarily
applicable to products made from those materials.

Terminology and conventions. The text of the international standard has been approved as suitable for publication,
without deviation, as a British Standard. Some terminology and certain conventions are not identical with those used
in British Standards; attention is especially drawn to the following.

Wherever the word ‘recommendation’ appears, referring to this standard, it should be interpreted as “British Standard’.

Cross-references. At present there are no corresponding British Standards for the following international standards
referred to in the text : IEC 28, IEC 105, IEC 111, IEC 121. However, table I1I contains the selected values of
properties relating to the materials covered by those publications.

Additional information. In this standard resistivities are quoted in p€2.m. In the United Kingdom it has been common
practice to quote resistivities in p2.cm (1 pQ2.m = 100 p.cm).
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British Standard

Method of measurement of resistivity
of metallic materials

1. Scope

This recommendation gives procedures for determining the electrical volume resistivity and mass resistivity
of solid (non-stranded) metallic conductor and resistor materials, and the resistance per unit length of solid conduc-
tors (of uniform cross-sectional area) of metallic materials. It sets out both reference and routine methods of measur-
ing the resistivity of metallic materials. It is intended to cover the need for spch methods not only for copper, but
also for aluminium and any other metals and alloys that may be used for conductor purposes.

2. Object

To provide a general method of measuring resistivity of solid (non-stranded) materials with resistivities between
0.01 uQ'm and 2.0 pQ-m (6-1200 ohm-circular mil/ft), under standard conditions.

3. Method

This recommendation provides two methods: reference and routine. For the reference method, the allowed over-
all uncertainty is -+ 0.25% for volume resistivity and -+ 0.209 for mass resistivity and for resistance per unit
length. For the routine method, the allowed over-all uncertainty is + 0.65%, for volume resistivity, + 0.45%, for
mass resistivity and 4 0.40 % for resistance per unit length. Each of the determinations of the physical quantities
required for the calculation shall be made with precision and accuracy such that the over-all uncertainty, calculated
as described in Appendix B, does not exceed the limits stated above. This is achieved if the individual determinations
are made with precision and accuracy within the limits of uncertainty given in Table I. For both the reference
and routine methods, the reference temperature is 20 °C.

4. Definitions

4.1 Volume resistivity

The volume resistivity is defined as the resistance of a conductor of unit length and unit cross-sectional area.
Its value at a reference temperature f, is calculated from the following formula:

Alty) |
A1)

olty) = R(zy)
where:
o(ty) = volume resistivity at the reference temperature £,

R(t,) = resistance between the ends of the gauge length of the specimen at the reference temperature ¢,

A(t,) = cross-sectional area of the specimen at the reference temperature 7o
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4.2 Mass resistivity

The mass resistivity is defined as the resistance of a conductor of unit length and unit mass. Its value at a reference
temperature £, is calculated from the following formula:
m_ R(t)
4t0) Alty)

8(ty) =
where:
d(f)) = mass resistivity at the reference temperature f,
R(t,) = resistance between the ends of the gauge length of the specimen at the reference temperature ¢,
m = mass of the specimen
41t,) = gauge length of the specimen at the reference temperature ¢,

4(ty) = total length of the specimen at the reference temperature ¢,

4.3 Resistance per unit length
The resistance per unit length, R/(t,), at the reference temperature is calculated from the formula:

R(ty)

R /(1) =/(t)
(o

where:
R(ty) = resistance between the ends of the gauge length of the specimen at the reference temperature ¢,

At) = gauge length of the specimen at the reference temperature #,

4.4 Conductivity per cent 1.A.C.S.

The values of volume and mass resistivity for the International Annealed Copper Standards (I.A.C.S.) are defined
in IEC Publication 28 (1925), International Standard of Resistance for Copper, and are reproduced in Table II.
Publication 28 defines the conductivity of commercial annealed copper as a percentage, at 20 °C, of that of standard
annealed copper, conductivity being the reciprocal of resistivity. It is assumed that the density of commercial
annealed copper is the same as that of standard annealed copper, and hence it is immaterial whether the conduc-
tivities are mass or volume values. In the years since 1925, however, it has become common practice to refer to
the conductivity of other metals in terms of the I.A.C.S. and, since the densities may not be the same as that of
copper, it is necessary in these cases to specify the basis of the conductivity, whether volume or mass. Conductivity
per cent I.A.C.S. (volume) or conductivity per cent I.A.C.S. (mass) is then defined as 100 times the ratio of
defined resistivity (either volume or mass) of the International Annealed Copper Standard to the resistivity of
the test specimen in the same units.

5. Units

The International System (S.L) of units is used throughout this recommendation. Since common commercial
practice still makes use of units related to the * foot-pound * system or to the * centimetre-gram-second *’ (cgs)
system, these are given in parentheses or additionally where appropriate.

The unit of volume resistivity is Q'm2?/m = Q-m. For practical reasons, a submultiple unit is commonly used,
viz. Q-mm?/m, which corresponds to pQ-m, representing the resistance in ohms of a conductor of cross-sectional
area 1 mm* and length 1 m (in the * foot-pound > system, commonly used units are ohm-circular mil/ft or
ohm-square mil/ft, representing the resistance, in ohms, of a conductor of cross-sectional area 1 circular mil or
1 square mil, and length 1 ft).

The unit of mass resistivity is Q-kg/m?2. For practical reasons, a submultiple of this unit is commonly used, viz.
Q-g/m* (in the “ foot-pound * system, a commonly-used unit is Q-1b/mile?).

The unit of resistance per unit length is Q/m (in the “ foot-pound ” system, Q/mile or sometimes Q/BO cuments
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6. Reference method
6.1 Test method

6.1.1 Apparatus for resistance measurement

A four-terminal method shall be used with specimens of resistance of 10 Q or less, while with specimens of resis-
tance greater than 10 Q, a two-terminal method may be used.

6.1.2 Test specimen

6.1.2.1 Form

The test specimen may take the form of any shape possessing smooth, straight sides and of substantially uniform
cross-sectional area, such as wire, strip, rod, bar or tube. Wherever possible, it shall be the full cross-section of the
material it represents, such that the uniformity of the cross-section can be accurately determined. * Substantially
uniform ”, as used above, means that the relative standard deviation of five or more measurements made at equal
intervals along the gauge length would not exceed 1 7.

In cases where it is required to determine the mass per unit length of a specimen, care shall be taken that the ends
of the specimen are flat, perpendicular to the longitudinal axis, and free from burrs, flashes and radiused edges.

If the test specimen is cut from material in bulk, care shall be taken that the properties of the material are not
appreciably altered in preparing it. Thus, plastic deformation may work-harden a material and tend to raise the
resistivity, while heating tends to anneal the material with a consequent reduction in resistivity.

6.1.2.2 Characteristics

The test specimen shall have the following characteristics:

1. A resistance of not less than 0.00001 Q (10 w.Q) in the gauge length between potential contacts.
2. A gauge length of at least 0.3 m or 1 ft.

3. Other dimensions suitable to the limitations of the apparatus.

4. No surface cracks or defects visible to the unaided normal eye for specimens whose largest transverse dimension
is 1 mm (0.04 in) or more, or under 20 times magnification for smaller specimens. The surface shall be substan-
tially free from scale, dirt and grease, particularly where current and potential contacts are to be made. Cleaning,
if necessary, should be done before measuring the dimensions of the specimen.

5. No joints or splices.

6.1.3 Procedure

6.1.3.1 Resistance

Resistance measurements shall be made in an apparatus for which the over-all uncertainty is within 4 0.159;
including that from the calibration of the reference standard, that from the comparison of the test specimen to this
standard, that from contact potentials and thermal e.m.f.’s and that from heating of the specimen by the measuring
current. Where potential contacts are used, they should consist of substantially sharp knife edges, parallel to each
other and perpendicular to the long axis of the specimen, or of sharp needle points. The gauge length at the measure-
ment temperature, /;(¢), between potential contacts shall be determined to an accuracy of 4- 0.057(. The distance
from each potential contact to the corresponding current contact shall be not less than 1.5 times the cross-sectional
perimeter of the specimen. When a form of Kelvin (Thomson) double bridge is used, the yoke resistance (between
reference standard and test specimen) shall be appreciably smaller than that of either the reference standard or
the test specimen, unless a suitable lead compensation method is used, or it is known that the coil and lead ratios

are sufficiently balanced so that variation in yoke resistance will not decrease the bridge accuracy below stated
requirements.
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