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PREFACE

This Standard was prepared by the Standards Australia Committee ME-071, Quantities, Units and
Conversions, to supersede AS 2900.0—1986, Quantities, units, and symbols, Part O: General
principles concerning quantities, units, and symbols.

This Standard is identical with, and has been reproduced from, 1SO 31-0:1992/Amd.1:1998,
Quantities and units, Part 0: General principles.

The amendment to 1SO 31-0:1992 is included in this document and is shown by a bar line set against
the affected text.

The objective of this Standard is to provide users with general information about principles
concerning physical quantities, equations, quantity and unit symbols, and coherent unit systems,
especially the International System of Units, Sl.

Users of this Standard are advised by Standards Australia, under arrangements with ISO and IEC, as
well as certain other Standards organizations, that the number of this Standard is not reproduced on
each page; its identity is shown only on the cover and title pages.

For the purpose of this Standard, the 1SO text should be modified as follows:

(@ Terminology The words ‘this Australian Standard’ should replace the words *this International
Standard’ wherever they appear.

(b) Decimal marker Substitute afull point for a comma where it appears as a decimal marker.

(c) References Thereference to the International Standards should be replaced by reference to the
following Australian Standard:

Reference to International Standard or other Australian Standard

Publication

ISO AS

31 Quantities and units 2900  Quantities and units

31-1 Partl: Spaceandtime 2900.1 Part1: Spaceandtime

31-3 Part 3: Mechanics 2900.3 Part 3: Mechanics

31-4 Part4: Heat 2900.4 Part4: Heat

31-5 Part5: Electricity and magnetism 2900.5 Part5: Electricity and magnetism

31-10 Part 10: Nuclear reactions and ionizing 2900.10 Part 10: Nuclear reactions and ionizing
radiations radiations

31-11 Part 11: Mathematical signs and 2900.11 Part 11: Mathematical signs and
symbols for use in the physical symbols for use in the physical
sciences and technol ogy sciences and technol ogy

31-12 Part 12: Characteristic numbers 2900.12 Part 12: Characteristic numbers

31-13 Part 13: Solid state physics 2900.13 Part 13: Solid state physics
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AUSTRALIAN STANDARD

Quantities and units —

Part O:
General principles

1 Scope

This part of 1ISO 31 gives general information about
principles concerning physical quantities, equations,
quantity and unit symbols, and coherent unit systems,
especially the International System of Units, SI.

The principles laid down in this part of ISO 31 are in-
tended for general use within the various fields of
science and technology and as a general introduction
to the other parts of ISO 31.

2 AQuantities and units

2.1 Physical quantity, unit and numerical
value

In 1SO 31 only physical quantities used for the quan-
titative description of physical phenomena are treated.
Conventional scales, such as the Beaufort scale,
Richter scale and colour intensity scales, and quan-
tities expressed as the results of conventional tests,
e.g. corrosion resistance, are not treated here, neither
are currencies nor information contents.

Physical quantities may be grouped together into cat-
egories of quantities which are mutually comparable.
Lengths, diameters, distances, heights, wavelengths
and so on would constitute such a category. Mutually
comparable quantities are called “quantities of the
same kind".

If a particular example of a quantity from such a cat-
egory is chosen as a reference quantity called the
unit, then any other quantity from this category can
be expressed in terms of this unit, as a product of this
unit and a number. This number is called the numeri-
cal value of the quantity expressed in this unit.

www.standards.com.au
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EXAMPLE

The wavelength of one of the sodium lines is
1=5896x10""m

Here 1 is the symbol for the physical quantity
wavelength; m is the symbol for the unit of
length, the metre; and 5,806 x 1077 is the
numerical value of the wavelength expressed in
metres.

In formal treatments of quantities and units, this re-
lation may be expressed in the form

A=(4)- A

where A is the symbol for the physical quantity, [A]
the symbol for the unit and {4} symbolizes the
numerical value of the quantity A expressed in the unit
[A]. For vectors and tensors the components are
guantities which may be expressed as described
above.

If a quantity is expressed in another unit which is k
times the first unit, then the new numerical value be-
comes 1/k times the first numerical value; the physical
quantity, which is the product of the numerical value
and the unit, is thus independent of the unit.

EXAMPLE

Changing the unit for the wavelength from the
metre to the nanometre, which is 10~% times the
metre, leads to a numerical value which is 10°
times the numerical value of the quantity ex-
pressed in metres.
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Thus,

1=5896x 107" m=5896 x 107" x 10° nm =
589,6 nm

REMARK ON NOTATION FOR NUMERICAL VALUES

It is essential to distinguish between the quantity it-
self and the numerical value of the quantity expressed
in a particular unit. The numerical value of a quantity
expressed in a particular unit could be indicated by
placing braces (curly brackets) around the gquantity
symbol and using the unit as a subscript. It is, how-
ever, preferable to indicate the numerical value ex-
plicitly as the ratio of the quantity to the unit.

EXAMPLE
A/nm = 589,6

NOTE 1 This notation is particularly useful in graphs and
in the headings of columns in tables.

2.2 Quantities and equations

2.2.1 Mathematical operations with quantities

Two or more physical quantities cannot be added or
subtracted unless they belong to the same category
of mutually comparabie quantities.

Physical quantities are multiplied or divided by one
another according to the rules of algebra; the product
or the quotient of two guantities, A and B, satisfies
the relations

AB = (A){B) - [A] [B]
(4] (A

A _ W W
B

(B} [B]

Thus, the product {A}{B} is the numerical value {AB}
of the quantity AB, and the product [A] [B] is the unit
[AB] of the quantity AB. Similarly, the quotient
{A}/{B} is the numerical value {4/B} of the quantity
A/B, and the quotient [A]/[B] is the unit [A/B] of the
quantity A/B.

EXAMPLE

The speed v of a particle in uniform motion is
given by

v=It

where [ is the distance travelled in the time-
interval ¢.

www.standards.com.au

Full document details: AS 2900.0-2002

Thus, if the particle travels a distance [ =6 m in
the time-interval t = 2 s, the speed v is equal to

/| _6m _~m
__3?

V=—=
! 2s
The arguments of exponential, logarithmic and trig-
onometric functions, etc., are numbers, numerical
values or combinations of dimension one of quantities
{see 2.2.6).

EXAMPLES
exp(W/kT), In(p/kPa), sin «, sin(wt)

NOTE 2  The ratio of two quantities of the same kind and
any function of that ratio, such as the logarithm of the ratio,
are different quantities.

2.2.2 Equations between quantities and
equations between numerical values

Two types of equation are used in science and tech-
nology: equations between quantities, in which a let-
ter symbol denotes the physical quantity (i.e.
numerical value x unit), and equations between
numerical values. Equations between numerical val-
ues depend on the choice of units, whereas equations
between guantities have the advantage of being in-
dependent of this choice. Therefore the use of
equations between quantities should normally be
preferred.

EXAMPLE

A simple equation between quantities is
v=It

as given in 2.2.1.

Using, for example, kilometres per hour, metres
and seconds as the units for velocity, length and
time, respectively, we may derive the following
equation between numerical values:

{V}km/h = 3'6[1}m/{t}s

The number 3,6 which occurs in this equation
results from the particular units chosen; with
other choices it would generally be different.

if in this equation the subscripts indicating the
unit symbols are omitted, one obtains

{v} =3.6{1}/{¢}
an equation between numerical values which is
no longer independent of the choice of units and
is therefore not recommended for use. If, nev-
ertheless, equations between numerical values

are used, the units shall be clearly stated in the
same context.
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2.2.3 Empirical constants

An empirical relation is often expressed in the form
of an equation between the numerical values of cer-
tain physical quantities. Such a relation depends on
the units in which the various physical quantities are
expressed.

An empirical relation between numerical values can
be transformed into an equation between physical
quantities, containing one or more empirical con-
stants. Such an equation between physical quantities
has the advantage that the form of the equation is
independent of the choice of the units. The numerical
values of the empirical constants occurring in such an
equation depend, however, on the units in which they
are expressed, as is the case with other physical
guantities.

EXAMPLE

The results of measuring the length / and the
periodic time T at a certain station, for each of
several pendulums, can be represented by one
quantity equation

T=C-1'?
where the empirical constant C is found to be

C = 2,006 s/m'?

12

(Theory shows that C = 2rg™ '“, where g is the

local acceleration of free fall.)

2.2.4 Numerical factors in quantity equations

Equations between quantities sometimes contain
numerical factors. These numerical factors depend on
the definitions chosen for the gquantities occurring in
the equations.

EXAMPLES

1 The kinetic energy E, of a particle of mass m and
speed v is

E, = L om?

2

2 The capacitance C of a sphere of radius r in a
medium of permittivity ¢ is

C = 4rer
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2.2.5 Systems of quantities and equations
between quantities; base quantities and derived
quantities

Physical quantities are related to one another through
equations that express laws of nature or define new
guantities.

For the purpose of defining unit systems and intro-
ducing the concept of dimensions, it is convenient to
consider some quantities as mutually independent,
i.e. to regard these as base quantities, in terms of
which the other quantities can be defined or ex-
pressed by means of equations; the latter quantities
are called derived quantities.

It is a matter of choice how many and which quan-
tities are considered to be base quantities.

The whole set of physical quantities included in
[SQ 31 is considered as being founded on seven base
quantities: length, mass, time, electric current,
thermodynamic temperature, amount of substance
and luminous intensity.

In the field of mechanics a system of quantities and
equations founded on three base quantities is gener-
ally used. In 1SO 31-3, the base quantities used are
length, mass and time.

In the field of electricity and magnetism a system of
quantities and equations founded on four base quan-
tities is generally used. In 1SO 31-5, the base quan-
tities used are length, mass, time and electric current.

In the same field, however, systems founded on only
three base quantities, length, mass and time, in par-
ticular the "Gaussian” or symmetric system, have
been widely used. {See I1SO 31-5:1992, annex A))

2.2.6 Dimension of a quantity

Any quantity 0 can be expressed in terms of other
quantities by means of an equation. The expression
may consist of a sum of terms. Each of these terms
can be expressed as a product of powers of base
quantities A, B, C, ... from a chosen set, sometimes
multiplied by a numerical factor ¢, i.e. EA“BRCY ..,
where the set of exponents («, 8, v, ...) is the same
for each term.

The dimension of the quantity Q is then expressed by
the dimensional product

dim Q = A*Bf¢e...

where A, B, C, ... denote the dimensions of the base
quantities A, B, C, ..., and where «, 8, y, ... are called
the dimensional exponents.
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A quantity all of whose dimensional exponents are
equal to zero is often called a dimensionless quantity.
its dimensional product or dimension s
A°B®CP. =1. Such a quantity of-dimension one is
expressed as a number.

EXAMPLE

If the dimensions of the three base gquantities
length, mass and time are denoted by L, M and
T respectively, the dimension of the quantity
work is expressed by dim W = L?°MT 2 and the
dimensional exponents are 2, 1 and -2.

In the system founded on the seven base quantities
length, mass, time, electric current, thermodynamic
temperature, amount of substance and luminous in-
tensity, the base dimensions may be denoted by L,
M, T, 1, ®, N and J respectively and the dimension of
a quantity Q becomes in general

dim Q = L"MPT%@*N"J"

EXAMPLES
Quantity Dimension
velocity Lt
angular velocity T
force LMT 2
energy L2MT 2
entropy L’MT %™’
electric potential LMT 3
permittivity L=3m 1742
magnetic flux L2M173~!
illuminance L2
molar entropy L’MT %@~ 'N™!
Faraday constant TINT
relative density 1

fn 1SO 31, the dimensions of the quantities are not
explicitly stated.

2.3 Units

23.1 Coherent unit systems

Units might be chosen arbitrarily, but making an in-
dependent choice of a unit for each quantity would
lead to the appearance of additional numerica! factors
in the equations between the numerical values.

it is possible, however, and in practice more con-
venient, to choose a system of units in such a way
that the equations between numerical values have

exactly the same form (including the numerical fac-
tors) as the corresponding equations between the
quantities. A unit system defined in this way is called
coherent with respect to the system of quantities and
equations in question. The Sl is such a system. The

corresponding system of quantities is given in
(SO 31-1 to 1S0-31-10 and in 1SO 31-12 and
ISO 31-13.

For a particular system of guantities and equations, a
coherent system of units is obtained by first defining
units for the base quantities, the base units. Then for
each derived guantity, the definition of the corre-
sponding derived unit in terms of the base units is
given by an algebraic expression obtained from the
dimensional product (see 2.2.6) by replacing the
symbols for the base dimensions by those of the base
units. In particular, a quantity of dimension one ac-
quires the unit 1. In such a coherent unit system no
numerical factor other than the number 1 ever occurs
in the expressions for the derived units in terms of the
base units.

EXAMPLES
Quantity Equation Dimen- Symbol
sion for
derived
unit
speed v = d—i LT’ m/s
’ 2
force F=m a1 MLT 2 kg - m/s?
dr?
kinetic 1 2 2+-2 2,.2
E =-L ML“T™ kg-m°/s
energy < 27" g-m7y
potential E, = mgh MLZT2 kg m?[s?
energy
energy E= % mv? + mgh ML?T—2 kg - m?/s?
relative /4
d=— 1 1
density Qo

2.3.2 Sl units and their decimal multiples and
sub-multiples

The name International System of Units (Systéme
International d'Unités), with the international abbrevi-
ation S/, was adopted by the 11th General Conference
on Weights and Measures {Conférence Générale des
Poids et Mesures, CGPM) in 1960.

This system includes
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