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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction
Systems of quantities - as defined in ISO/IEC Guide 99 - can be treated in many consistent, but different,
ways. Which treatment to use is partly a matter of convention.

The quantities and relations among the quantities used here are those almost universally accepted for
use throughout the physical sciences. They are presented in the majority of scientific textbooks today
and are familiar to all scientists and technologists.

The quantltles and the relatlons among them are essentlally 1nf1n1te in number and are continually

evofv Y st all these
quaj t1t1es and relations in the ISO/IEC 80000 series; instead, a selectlon of the more comthonly used
qualntities and the relations among them is presented.

It if inevitable that some readers working in particular specialized fields may find that theg quantities
they are interested in using may not be listed in this document or in another(International Standard.
However, provided that they can relate their quantities to more familiar examples that arellisted, this
will not prevent them from defining units for their quantities.

The system of quantities presented in this document is named the luternational System of|Quantities
(IS®), in all languages. This name was not used in ISO 31 series, frem which the present harmonized
series has evolved. However, the ISQ does appear in ISO/IEC Gudide 99 and is the system of quantities
underlying the International System of Units, denoted “SI”, in.dll languages according to the S| Brochure.

© IS0 2022 - All rights reserved v
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Quantities and units —

Part 1:
General
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Scope

5 document gives general information and definitions concerning quantities, systems of
s, quantity and unit symbols, and coherent unit systems, especially the International
ntities (1SQ).

principles laid down in this document are intended for general use within the vario
nce and technology, and as an introduction to other parts of this International Standard.

ISO/IEC 80000 series does not, as yet, cover ordinal quantities and-nominal properties.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated réferences, only the edition cited 3
ated references, the latest edition of the referenced”document (including any amendmen

IEC Guide 99, International vocabulary of metrology — Basic and general concepts and
hs (VIM)

M The International System of Units (SI), 9th edition

Terms and definitions
the purposes of this document, the terms and definitions given in ISO/IEC Guide 99 appl
and I[EC maintaintérminology databases for use in standardization at the following add}

[SO Online brsowsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

Quantities

quantities,
System of

s fields of

bir content
pplies. For
[s) applies.

associated

(2019),

Y.

esses:

4.1

The concept of quantity

In this document, it is accepted that things (including physical bodies and phenomena, substances,
events, etc.) are characterized by properties, according to which things can be compared, in terms of
having the same property or not, such as the shape of rigid bodies or the blood group of human beings.
Some properties make things comparable also by order, so that for example winds can be compared by
their strength and earthquakes can be compared by their magnitude. Finally, some properties make
things comparable not only in terms of equivalence and order, but also in more complex ways, and
in particular by ratio, as is the case for most physical quantities, according to which the mass or the
electric charge of a body might be twice the mass or the electric charge of another body, and so on.

©IS
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Not all properties, and more specifically quantities, can be compared with each other. For example,
while the diameter of a cylindrical rod can be compared to the height of a block, the diameter of a rod
cannot be compared to the mass of a block.

Quantities that are comparable are said to be of the same kind[4l and are instances of the same general
quantity. Hence, diameters and heights are quantities of the same kind, being instances of the general

quantity le

ngth.

Itis customary to use the same term, "quantity”, to refer to both general quantities, such as length, mass,
etc.,, and their instances, such as given lengths, given masses, etc. Accordingly, we are used to saying
both that length is a quantity and that a given length is a quantity, by maintaining the specification

- "general
remove thg

When sped

4.2 Syst

A set of qu

quantity, Q" or "individual quantity, Q," - implicit and exploiting the linguistic contex
ambiguity.

ific terms are used for quantities, Annex A shall be followed.

pm of quantities —Base quantities and derived quantities

antities and their relations are called a system of quantities. Generakgquantities are reld

through equations that express laws of nature or define new general quantiti€s; Each equation betw

quantities

It is conver

s called a quantity equation.

are called base quantities. Other quantities, called derived quantities; are defined or expressed in te

of base qu3

It is a matt
matter of d

4.3 Univ

Some indiy
called univj

EXAMPLE 1
EXAMPLE 2

ntities by means of equations.

hoice which equations are used to define the derived quantities.

rersal constants and empirical constants

idual quantities are considered to be constant under all circumstances. Such quantities
ersal constants or fundamental phy/sical constants[>l.

The Planck constant, h.

The Faraday constant, Fl

Other quantities may be constdnt ‘under some circumstances but depend on others. Their values

generally @
EXAMPLE 3

The re
pendul

T=C+

btained by measurement. They are called empirical constants.

bult of measuring at a certain location the length [ and the periodic time T, for each of sev
ims, can\be’expressed by one quantity equation

[

er of choice how many and which quantities are considered to be base quantities. It is alp

t to

ted
een

ient to consider some quantities of different kinds as mutually independent. Such quantities

SUN

are

are

eral

where C is an empirical constant that depends on the location.

Theory shows that

C

_on

Jg

where g is the local acceleration of free fall, which is another empirical constant.
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Constant multipliers in quantity equations

Equations between quantities sometimes contain constant multipliers. These multipliers depend on the
definitions chosen for the quantities occurring in the equations, i.e., on the system of quantities chosen.
Such multipliers may be purely numerical and are then called numerical factors.

EXAMPLE 1

In a system of quantities where length, mass, and time are three base quantities, the kinetic energy of a

particle in classical mechanics is

1 5

A multiplier may include one or more universal (or empirical) constants.

EXAMPLE 2

Am

Con

4.5

The
and
in g
leng
inte

T =—mv*
2

where T is kinetic energy, m is mass and v is speed. This equation contains the numerical factor

The Coulomb law for electric charges in a system of quantities with thrée’base quantities is

_n%

r2

F

where F is scalar force, q; and g, are two point-like electric charges, r is distance.

For a rationalised system of quantities with four base’ quantities, where a base quantity of 3
nature is added, the expression becomes

o1 0%
4‘7'580 rz

where ¢ is, since the 2019 redefinitiow of SI base units, an empirical constant, i.e., the electric
was formerly a universal constant].

ultiplier may also include one'or more conventional quantity values, such as ¢, in the last

stant multipliers other than numerical factors are often called coefficients (see A.2.2).

International System of Quantities, ISQ

special choice-0f base quantities and quantity equations, including multipliers, given in
IEC 80000\defines the International System of Quantities (ISQ). Derived quantities can
erms of'the base units by quantity equations, see 6.4. There are seven base quantities
rth, mass, time, electric current, thermodynamic temperature, amount of substance, an
nsity.

5

Dimensions

n electrical

constant (it

example.

ISO 80000
be defined
in the ISQ:
1 luminous

In the system of quantities under consideration, the relation between any general quantity Q and the
base quantities can be expressed by means of an equation. The equation may include a sum of terms,
each of which can be expressed as a product of powers of base quantities 4, B, C, ... from a chosen set,

sometimes multiplied by a numerical factor ¢, i.e., & A®BBcY ... , where the set of exponents , £, ¥, ... is

the

©IS

same for each term.
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The dimension of the quantity Q is then expressed by the dimensional product

dim Q = A«BA ...

where A, B, C, ... denote the dimensions of the base quantities 4, B, C, ..., respectively, and a, £, y, ... are
called the dimensional exponents.

Quantities that are of the same kind (e.g., length) have the same dimension, even if they are originally
expressed in different units (such as yards and metres). If quantities have different dimensions (such as
length vs. mass), they are of different kinds[4l[6] and cannot be compared![Zl.

A quantity]
AOBOCO ... =
to refer to
now be avq

1, where the symbol 1 denotes the corresponding dimension. There is no agreement.on
such quantities. They have been called dimensionless quantities (although this term sh
ided), quantities with dimension one, quantities with dimension number, or quantities

the unit ope. Such quantities are dimensionally simply numbers. To avoid confusionyit is helpfu

use explici
Brochure.
measurem

NOTE1 1]
those defing

In the ISQ
temperatu

tis especially important to have a clear description of any such quantity when expressi
ent result.

'hese quantities include those defined as a quotient of two quantities of the same dimension
d as numbers of entities.

e, amount of substance and luminous intensity, the dimensions of the base quantities

whose dimensional exponents are all equal to zero has the dimensional product den(i‘ted

ow
uld
vith
1 to

[ units with these quantities where possible, e.g.,, m/m, nmol/mol, rad, as\specified in the SI

g a

and

, with the seven base quantities length, mass, time{)electric current, thermodynamic

are
bral

denoted byf L, M, T, I, ®, N and ], respectively. Hence, in the ISQ, ‘the dimension of a quantity Q in gen
becomes
dim Q 3 LYMATVIS@eN¢
EXAMPLE
Quantjty Dimension
speed LT-1
frequepcy T1
force LMT-2
energy L2MT-2
entropy L2MT-20-1
electrif tepSjon  L2MT-3]-1
magneticflux L2MT-2]-1
illuminance L-2]

molar entropy L2MT-20-IN-1

efficiency 1

© IS0 2022 - All rights reserved
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Units

6.1 General

In this clause units are dealt with in relation to systems of quantities. Further guidance about units,
given in the SI Brochure, shall be followed.

6.2 Units and numerical values

If a particular instance of a quantity of a given kind is chosen as a reference quantity called the unit,

the

and a number. That number is called the numerical value of the quantity expressed in this u

EXAMPLE1 The wavelength of one of the sodium spectral lines is

Inf

wh¢re @, is the symbol for an individual quantity, [Q] isithe symbol for the unit and {Q,} is

for

conjponents are quantities that can be expressed.as‘described above. Vectors and tensors
expressed as a numerical value vector or tensor;respectively, multiplied by a unit.

Ifa
1/

valge and the unit, is independent of the-unit.

EXAMPLE 2

It i

be

expressed in a particular unit. The numerical value of a quantity expressed in a particular

) ~ 5,896 x 10-7 m

Here, A is the symbol for the quantity wavelength, m is the symbol for the unit of length, thq
5,896 - 107 is the numerical value of the wavelength expressed in metres.

Qa={Qa} [C]

the numerical value of the quantity @, expresséd in the unit [Q]. For vectors and t

x times the first numerical value because the quantity, expressed as the product of the

10-9 times the metre, leads)to a numerical value which is 109 the numerical value of the quantit
in metres.

Thus,

N~ 5,896 x 10=""m = 5,896 x 107 x 109 nm = 589,6 nm

essential to distinguish between the quantity itself and the numerical value of th

1 any other quantity of the same kind can be expressed in terms of this unit, as a produet|of this unit

it.

metre, and

brmal treatments, this relation between quantities and units may-be expressed(®] in the form

the symbol
bnsors, the
tan also be

gquantity is expressed in another unit that is k times the first unit, the new numerical vallie becomes

numerical

Changing the unit for the wayelength in the previous example from the metre to the nanometfre, which is

y expressed

e quantity
unit could

ndicated by placing braces (curly brackets) around the quantity symbol and using the unit as a

subscript, e.g. {A},,,. It is, however, preferable to indicate the numerical value explicitly as the ratio of

the

quantity to the unit.

EXAMPLE3 A/nm=589,6

This notation is particularly recommended for use in graphs and headings of columns in tables.

6.3 Mathematical operations

The product and the quotient of two quantities, Q; and Q,, satisfy the relations

Q1Q, ={0Q} {Q,} - [Q4] [Q]

© IS0 2022 - All rights reserved
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@ _{%} o]
Q; {0z} [Q:]
Thus, the product {Q;} {Q,} is the numerical value {Q,Q,} of the quantity Q;Q,, and the product [Q4] [Q]

is the unit [Q,Q,] of the quantity Q,Q,. Similarly, the quotient {Q,} / {Q,} is the numerical value {Q; / Q,}
of the quantity Q, / @,, and the quotient [Q,] / [Q,] is the unit [Q; / Q,] of the quantity Q; / Q. Units such

as [Q4] [@,]
EXAMPLE 1

The speed,

and [Q4] / [@,] are called compound units.

7. of a particle in uniform motion is given by

1
v=—
t
where

Thus, if

v=I/t

NOTE 4

Equations
Equations

The argunpents of exponential functions, logarithmic functjons, trigonometric functions, etc.,

numbers, 1
Clause 5).

EXAMPLE 2
exp(E / kT);

6.4 Qua

The three
equations,

value equafions are generally used; unit equations are used less frequently. Numerical value equat

(and of co
advantage
preferred ¢

EXAMPLE

A simp

is the distance travelled in the duration t.
the particle travels a distance I = 6 m in the duration t = 2 s, the speed, v, is equakto

=(6m)/(2s)=3m/s

\ quantity defined as A / B is called “quotient of A by B” or “A per B, but not “A per unit B”.

between numerical values, such as {Q;0Q,} = {Q,} {Q,}, ar® talled numerical value equati
petween units, such as [Q,0Q,] = [Q4] [@,], are called unitequations.

umerical values, or combinations of quantities with a dimensional product equal to one

In(p / kPa); sin(m / 3); cos(wt + a)

ntity equations and numerical value equations

types of equations intrédyced in 4.2 and 6.3, i.e., quantity equations, numerical v
and unit equations, aré.used in science and technology. Quantity equations and numef

irse unit equations)/depend on the choice of units, whereas quantity equations have

of being independent of this choice. Therefore, the use of quantity equations is norm
nd is strongly.récommended.

e quantity equation is

DI S.

are
see

hlue
ical
ons
the
ally

l
v=—
t

as given in 6.3, example 1.

Using, for example, kilometre per hour (symbol km / h), metre (symbol m) and second (symbol s) as the units
for speed, distance, and duration, respectively, the following numerical value equation is derived:

{V}km/ h

= 3'6'{I}m / {t}s

where {v}i,, = v/ (km/h).

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

© IS0 2022 - All rights rese
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Since numerical factors in numerical value equations depend on the units chosen, it is recommended
not to omit the subscripts in such equations. If subscripts are not used, the units shall be clearly stated
in the same context.

6.5 Coherent systems of units

Units might be chosen arbitrarily but making an independent choice of the unit for each quantity would
lead to the appearance of additional numerical factors in the numerical value equations.

It is possible, however, and in practice more convenient, to choose a system of units in such a way

tha

t the numerical value eguations have evactly the same form including the numerical
T " 7 =]

factors, as

the
uni
call
acc
der

quantities, including the equations in question.

In 4

in question, i.e., the expression of the unit is obtained by replacing the-symbols for base di

the
nun
uni

7
7.1

7.1
Sy

sy
cap
as fl

Thd
of t

The
sen

Not|

b
suk}}cripts or other modifying signs.)Symbols for characteristic numbers, such as the Ma

corresponding quantity equations in a chosen system of quantities. To establish such) 4
s, first, one and only one unit for each base quantity is defined. The units of the base qu
ed base units. Then, the units of all derived quantities are expressed in terms of the bd
rdance with the equations in the system of quantities. The units of the derived quantitie
ved units. A system of units defined in this way is called coherent with respect to thg

coherent system of units, the expression of each unit corresponds to the dimension of t

quantity dimension by those for the base units, respectively. In'such a coherent system
nerical factor other than 1 ever occurs in the expressions for the derived units in terms
s.

Printing rules

Symbols for quantities

1 General

ols for quantities are generally.single letters from the Latin or Greek alphabet, some

bol Ma, are, however, written with two letters from the Latin alphabet, the initial of whig
tal. It is recommended thafisuch two-letter symbols be separated from other symbols if]
hctors in a product.

quantity symbols shall be written in italic (sloping) type, irrespective of the type used
he text.

quantity symbol is not followed by a full stop except for normal punctuation, e.g., at t
fence.

ptions for vector and tensor quantities are given in ISO 80000-2.

Sym

[EC

system of
intities are
se units in
5 are called
system of

e quantity
ensions in
bf units, no
of the base

times with
th number,
h is always
they occur

in the rest

he end of a

00-12 and

Bols for quantities are given in ISO 80000-3 to ISO 80000-5 and ISO 80000-7 to ISO 80

80000-6 and IEC 560000-13.

No recommendation is made or implied about the font of italic type in which symbols for quantities are
to be printed.

7.1.

2  Subscripts

When, in a given context, different quantities have the same letter symbol or when, for one quantity,
different applications or different values are of interest, a distinction can be made by use of subscripts.

The following principles for the printing of subscripts apply.

— A subscript that represents a physical quantity or a mathematical variable, such as a running
number, is printed in italic (sloping) type.

© IS0 2022 - All rights reserved
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— Other subscripts, such as those representing words or fixed numbers, are printed in roman (upright)

type.
EXAMPLE
Italic subscripts Roman subscripts
Gy (p: pressure) Cq (g: gas)
C; (i: running number) C3 (3: third)
X, a,d, (1 running number) O (n:normal]
F, (x: x-component) Uy (r: relative)
ik (i, k: running numbers), n is the running S, (m: molar)
number, and i and k are the running ordi-
nal number
I, (A: wavelength) T/, (1/2: half)

7.1.3 Combination of symbols for quantities

When symbols for quantities are combined in a product of two or mbre quantities, this combinatid
indicated ih one of the following ways:

ab,ab,la-b,axb

NOTE 1

Division oflone quantity by another is indicated in ene of the following ways:
%, a/b, ab™! , a-b!

Writing ab[! with a space between a and'b~1, as a b1, avoids misinterpretation as (ab)1.

NOTE 2

These prodedures can be extended to cases where the numerator or denominator or both are themse
products of quotients. In'such a combination, a solidus (/) shall not be followed by a multiplication
or a divisidn sign on the'same line unless parentheses are inserted to avoid any ambiguity.

IIn some fields, e.g., vector algebra, distinction is made between a - b and a x b.

The solidus "/" can easily*bé confused with the italic upper-case "I" or the italic lower-case "II"
particular When sans serif fonts are used. The horizontal bar is often preferable to denote division.

EXAMPLE 1
a—b:ab/c:abc_1
c
a/b_ 4 _(asb)/c=a/(bc), nota/b/c
c bc
a/b_ad
c/d bc

iza/(b-c), nota/b-c
bc

nis

ves

—

ign

The solidus can be used in cases where the numerator and the denominator involve addition and
subtraction, provided parentheses are employed when required to avoid ambiguity. Multiplication

8
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and division have priority over addition and subtraction in compound expressions. Exponentiation
(powering) has priority over multiplication and division and over unary operations, for example -a? is
equal to —(a?), not (-a)?.

EXAMPLE 2

Bin

(a + b) (c + d), parentheses are required
a+b-c+d=a+ (b-c)+d parentheses are not required

(a + b) / (c + d), parentheses are required

a+b/c+d=a+(b/c)+d, parentheses are not required

doeps not apply in case of unary operators, as in 17,3 (see further in 7.2).

Par

mathematical operations.

EXAMPLE 3

In x +y=(Inx) +y, notin(x +y)

hry operators, for example +, -, (but not /), shall be preceded and followed by thin.Spacef. This rule

entheses may also be used to remove ambiguities that arise from thevuse of ceftain other

Note that, in this example, the ambiguity could also be removed by altering the order of operatidns.

Othler mathematical signs and symbols recommended foruse in sciences and technology afre given in

ISO

80000-2.

Synpbols, but never words or abbreviations, for quantities shall be used in mathematical gxpressions
and equations (see 7.1.4).

EXAMPLE 4

Wri

7.1

fe speed is equal to distance per duratieivor v =1/t, but not speed = distance / duration or v=1p

4 Expressions for quantities

b1 L.

If the quantity to be expressed'is a sum or a difference of quantities, then either parentheges shall be

use

 to combine the numericeal values, placing the common unit symbol after the completg numerical

valye, or the expression shall be written as the sum or difference of expressions for the quantities.

EXAMPLE 1

[=12m-7Zm=(12-7)m=5m,not12-7m

U=280"(1+5%)V=230-105V=242V,notU=230V+5%

Descriptive terms or names of quantities shall not be arranged in the form of an equation. Names of
quantities or multi-letter abbreviated terms, for example, presented in italics or with subscripts, shall

not

be used in the place of symbols.
EXAMPLE 2
. m , mass X
Write p = — and not density = I' Zgensity = _~mass
4 volume Vvolume

©IS

02022 - All rights reserved


https://standardsiso.com/api/?name=52e02448b5f9b40ad5ee2fc2b4549cc8

ISO 80000-1:2022(E)

7.1.5 Expressions for dimensions

The symbol of any base quantity of the ISQ is a single upright uppercase character, as listed in Clause 5.
The dimension of a derived quantity Q of the ISQ is expressed as

dim Q =

where A, B, C, ...

A*BACY...

are symbols of dimensions of base quantities. The symbol of a dimension with

exponent 0 is usually omitted. The dimension of a quantity such that the exponents of all its dimensions
are 0 is written 1.

7.2 Nunlbers

7.21 Ge

Numbers s

No recommendation is made or implied about the font of roman type in which symbols for numbers

to be print

neral

hall be printed in roman (upright) type, irrespective of the type used in thé'rest of the te

bd.

Kt.

are

To facilitatle the reading of numbers with many digits, these may be separated into groups of thiree,

counting fi
digits. Wh
space and 1

EXAMPLE 1
1234,567 8

In the casq
right-most

EXAMPLE 2
In the numh

The separ3
e.g.1SO 80

The year shall always be writterrwithout a space, e.g., 1935.

A plus or 1
aunary op
operations
the examp
shall also h

om the decimal sign towards the left and the right. No group shall contain more than th

ot by a point or a comma or by any other means.

rather than 1 234,5678 0,567 8 rather than 0;5678

where there is no decimal part (and thus\no decimal sign), the counting shall be from
digit towards the left.

er “1 234", the right-most digit is that underlined.

tion into groups of three should not be used for ordinal numbers used as reference numb
D00-1.

inus sign befotéya number (or a quantity), used to indicate “same sign” or “change of sign
erator and shall not be separated from the number by a space (see Example 3). However

signs amd, Symbols, there shall be a space on both sides of the sign or symbol, as show
es givensin Example 4. See also 7.1.3. For signs denoting a relation, such as =, < and >, tf
e aspace on both sides.

ree

bre such separation into groups of three is used, the groups shall be separated by a small

the

ers,

" is

for
h in
lere

EXAMPLE

A Celsius temperature from -7 °C to +5 °C.

EXAMPLE 4
5+2 5-3

7.2.2 De

ntl1,6 D<2mm >5mm

cimal sign

The decimal sign is either a comma or a point on the line. The same decimal sign should be used

consistentl

10

y within a document.
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If the magnitude (absolute value) of the number is less than 1, the decimal sign shall be preceded by a
Zero.

EXAMPLE
0,567 8

NOTE1 In the ISO/IEC Directives, Part 2, 2021, Rules for the structure and drafting of International Standards,
the decimal sign is a comma on the line in International Standards.

NOTE 2  The General Conference on Weights and Measures (Fr: Conférence Générale des Poids et Mesures) at
its meeting in 2003 passed unanimously the following resolution:

“The decimal marker shall be either a point on the line or a comma on the line.”
In practice, the choice between these alternatives depends on customary use in the langtiageconcerned.

It i§ customary to use the decimal point in most documents written in the English language, and
the|decimal comma in documents written in the French language (and a number of other European
languages), except in some technical areas where the decimal comma is always used.

7.2{3 Multiplication and division

The sign for multiplication of numbers is a cross (x) or a half-high dot (). There shall be a space on both
sidgs of the cross or the dot (see also 7.1.3). The multiplication cross (x) or half-high dot (-) siall be used
to ipdicate the multiplication of numbers and numerical values (as shown in Examples 1 angdl 2), and in
vector products and Cartesian products. The multiplication cross (x) or half-high dot (-) shpll be used
both to denote multiplication of numbers and as a partof the number in exponential notatioh. The half-
high dot () shall be used to indicate a scalar productof vectors and comparable cases. It may also be
usef to indicate a product of scalars and in compound units and is preferred for the multiplication of
lettpr symbols.

EXAMPLE 1
[=2,5x%x103m
EXAMPLE 2
A=80mm x 25 mm

[S0|80000-2:2019, Item 2-10.5, gives an overview of multiplication symbols for numbers. IJO 80000-2
alsq contains examples®of vector products, scalar products and Cartesian products of sets.

In spme cases, the'multiplication sign may be omitted, e.g., 4c - 5d, 6ab, 7(a + b), 3 In 2.

If the pointds)'used as the decimal sign, the cross and not the half-high dot should be ysed as the
multiplication sign between numbers expressed with digitsD. If the comma is used as the dgcimal sign,
both thé ¢ross and the half-high dot may be used as the multiplication sign between numberd expressed
with digitsD.

EXAMPLE 3
4711.32x0.3512 4711,32x0,3512 4711,32-0,3512

1) “Numbers expressed as digits” refers to numbers such as “12”, as opposed to “twelve”.

©1S0 2022 - All rights reserved 11
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Division of

a

one number by another is indicated in one of the following ways:

a/b ab? a-b1

Negative exponents should be avoided when the numbers are expressed with digitsl), except when the

base is 10.
EXAMPLE 4

10-3 is acceptable 33 should be avoided

These proyisions can be extended to cases where the numerator, denominator or both are thenise
products of quotients. In such a combination, a solidus (/) shall not be followed by a multiplicationh

on the sa

724 Er

When anu
is rounded
shall be fo
between 4
401 008 is
off the last
value betw
40,100 8 is
value betw

Digits of a

ves
ign

— e

line unless parentheses are inserted to avoid any ambiguity.

"or and uncertainty

mber is given without any further information, it is generally interpreted:so that the last ¢
with a rounding range equal to 1 in the last digit. Rules for rounding, as given in Anne
lowed. Thus, for example, the number 401 008 is generally assumed to represent a v
PD1 007,5 and 401 008,5. In this case, the maximum magnitude,of the error in the nunjber
0,5. However, in some applications rounding is replaced by truncation (i.e., by simply cutfing
digits), e.g., 401 008,91 becomes 401 008. In this casesthe number 401 008 represenits a
reen 401 008,0 and 401 009,0 and the error is between 0 and 1. Similarly, the nunjber
generally assumed to represent a value between 40,100 75 and 40,100 85 or sometimps a
een 40,100 80 and 40,100 90.

igit
x B,
hlue

humber are called significant digits if the corsesponding number is considered to lie within

the errorl

Considert
most thred
to indicate

L

its of the last digit(s).

number 401 000. Here, 401 contains‘three significant digits, but it is not known if the ri
zeros are significant or are just used:to indicate the order of magnitude. It is recommen|
that distinction in the followingway:

401 x{103 three significant digits
401,0|x 103 four significant dijgits
401,00 x 103 five significant digits
401,0E0 x 103 six significant digits
All digits after a dec¢imal sign are considered to be significant.
Numerical|values-of quantities are often given with an associated standard uncertainty. Provided
that the agstmed distribution for the corresponding quantity is normal, a numerical value and|the
associated urrcertaimty ray beexpressed; as exemptifiedforteng EdSUTEIEt, by:
[=a(b) m
where
I isalength expressed in the unit metre, m;
a isthe numerical value;
b denotes a standard uncertainty (see ISO/IEC Guide 99) expressed in terms of the least signifi-
cant digit(s) in a.
EXAMPLE

12
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In the expression

1=23,4782(32) m
I is the length expressed in the unit metre, m;
23,478 2 is the numerical value;

32 represents a standard uncertainty equal to 0,003 2.

NOTE Uncertainties are often expressed in the following manner: (23 478 2 + O 003 2) m. This

7.3

Synpbols for chemical elements shall be printed in roman (upright) type, irrespective of the t}

the
is a
exc
EXA
H H

Att
and|

The

The

NO'I
The

metrically dispersed around 23,478 2 thus encompassing all values between and incly
ts.

Chemical elements and nuclides

rest of the text. The symbols consist of one or two letters.from the Latin alphabet. The i
capital and a following letter, if any, is lower case. Thie' symbol shall not be followed byj
bpt for normal punctuation, e.g., at the end of a sentence.

MPLE 1
le C Ca

hiched subscripts and superscripts specifying a nuclide or molecule shall have the followin

positions.

nucleon number (mass number) of a nuclide is shown in the left superscript position, e.g
14N

number of atoms éfanuclide in a molecule is shown in the right subscript position, e.g.
14N2

E Ifthe number of atoms is equal to 1, it is not indicated, e.g. H,0.

proton number (atomic number) of a nuclide is shown in the left subscript position, e.g.

is, however,
nipt all values
be avoided
high level of

a zone (i.e.
P - 0,003 2)
ding those

pe used in
nitial letter
a full stop

p meanings

oad

The state of ionization and the state of electrical excitation are shown in the right superscript position.
The state of nuclear excitation is shown with the symbol * in the left superscript position and for a
metastable nuclide is indicated by adding the letter m (in roman type) to the mass number of the
nuclide.

EXAMPLE 2

State of ionization: Na*, PO?}_ or (PO, )3_

State of electrical excitation: ~ He", NO*

© IS0 2022 - All rights reserved
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State of nuclear excitation: 127*Xe or, when metastable, 133mXe,

7.4 Greek alphabet

14

Table 1 — Greek letters

Name Roman type Italic type
alpha A a A a
beta B B B B
gamma r Y r y
delta A ) A 6
epsilon E €€ E g€
zeta Z ¢ Z ¢
eta H n H n
theta ¢] 9,0 (0] 9,60
iota I L I L
kappa K K K ", K
lambda A A A A
mu M 11 M U
nu N v N %
xi = 13 & 3
omicron 0] 0 0 0
pi I1 M, © I1 T, @
rho P pd P p o
sigma X o P o
tau T T T T
ypsilon Y v Y v
phi @ OO P ()
chi X X X X
psi vy ] Y Y
omega Q w 0 w
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Annex A
(normative)

Specific terms used for quantities

A.1

General
=enera:

1:2022(E)

If no special name for a quantity exists, a name is commonly formed in combination {

likel coefficient, factor, parameter, ratio, constant, etc. Similarly, terms like specifid, den
confentration, etc., are added to names of physical quantities to indicate other ‘related

qualntities. Just as in the choice of an appropriate symbol, the naming of a physical quantit]

neef some guidance.

It ignot the intention of this annex to impose strict rules to eliminate theselatively frequent
which have been incorporated in the various scientific languages. Howeéver, the principles
shold be followed when naming new quantities. Furthermore when reviewing exist

devjations from these principles should be critically examined.

Sin¢e quantities are themselves always independent of the unitin which they are expressed
nanpe shall not reflect the name of any corresponding unit:However, there are a few except
gen

other than English. Also see the term “molar” in A.5.5NOTE.

NOT
new

E1l
recommendations.

NOTI
Eng

E2
ish.

A.2 Coefficients, factors

A.2{1

eral rule, such as voltage. The name “electric tension” corresponds to voltage in many
Most of the examples in this annex are drawi from existing practice and are not intended

Names of terms are strongly language-dependent and these recommendations apply

If, under certain_conditions, a quantity A is proportional to another quantity B, t

vith terms
bity, molar,
or derived
y may also

deviations
presented
ing terms,

a quantity
ons to this
languages

o constitute

r mainly to

his can be

expressed by the multiplicative relation A = k - B. The quantity k that occurs as a multiplier in this

equiation is often called-a coefficient or a factor.

A.2
dim

2 The term “coefficient” should be used when the two quantities A and B hav
ensions:

EXAMPLE1

b different

Hattcoeffictent Ry E=pJFRg(BXJ)
dl/I=a;dT
J

Sometimes, the term “modulus” is used instead of the term “coefficient”.

linear expansion coefficient: a;

diffusion coefficient: D -Dgradn

NOTE

EXAMPLE 2

modulus of elasticity: E

© IS0 2022 - All rights reserved

15


https://standardsiso.com/api/?name=52e02448b5f9b40ad5ee2fc2b4549cc8

ISO 80000-1:2022(E)

A.2.3 The term “factor” should be used when the two quantities A and B have the same dimension.

EXAMPLE

coupling factor: k

quality factor: Q

friction factor: u

Lyn=kyL, L,
1X] = QR
F=u-F,;

A.3 Parameters, numbers, ratios

A.3.1 Coinbinations of quantities which occur as such in equations are often considered to consti

new quant

EXAMPLE

therm

ties. Such quantities are sometimes called parameters.

dynamic Griineisen parameter: y y=0Ky /(Cyp)

A.3.2 SOEe combinations of quantities of unit one, such as those occurring in the descriptio

ute

h of

transport phenomena, are called characteristic numbers [ISO 80000<k1] and carry the term “number”
in their names.
EXAMPLE

Reynolds number: Re Re=pv/n

Prand{l number: Pr Pr=v/a
A.3.3 Quptients of two quantities of the samekind are often called ratios:
EXAMPLE 1

heat cdpacity ratio: y y=C,/Cy

thermal diffusion ratio: ky ky=Dy/ D

mobility ratio: b b=u_/u,
Sometimeg, the term “fraction” is used for ratios smaller than one.
EXAMPLE 2

amourtzof-substance fraction of B: x;  xg=ng/n

packing fraction: f f=4,/A

The term “index” is sometimes used instead of ratio. Extension of this usage is not recommended.

EXAMPLE 3

refractive index: n

n=cy/c

A.4 Constants

A.4.1 A quantity that is considered to have the same value under all circumstances is called a

universal c

16

onstant or a fundamental physical constant, see CODATAL=I.
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A.4.2 A quantity that has the same value under all circumstances for a particular substance is called
a constant of matter. Provided no special name exists, the name of such a quantity includes the term
“constant”.

EXAMPLE decay constant for a particular nuclide: A
A.4.3 Other quantities that keep the same value under particular circumstances or that result from

mathematical calculations are also sometimes given names including the term “constant”. Extension of
this usage is not recommended.

EXAMPLE

equilibrium constant for a chemical reaction (which varies with temperature): K,

Madelung constant for a particular lattice: @

A.§ Terms with general application

A.5|1 The adjective “specific” is often added to the name of a quantity\td indicate the quotjient of that
quaintity and mass.

EXAMPLE
specific heat capacity: ¢ c=C/m
specific volume: v v=V/m
specific entropy: s s=5/m
specific activity: a a=AY'm

NOTE1 The adjective “mass” is sometimes.used instead of the adjective “specific”.

NOTE 2 Insome fields, such as acoustics, the adjective "specific" can refer to other quantities tharf mass.

A.5{2 The noun “density” is-added to the name of a quantity to indicate the quotient of thpt quantity
and| the volume. See also A.5.3and A.5.4.

EXAMPLE
mass density;'p p=m/V
electriccharge density: p p=Q/V
energy density: e e=E/V

A.5.3 The term "surface ... density” is added to the name of a quantity to indicate the quotient of that
quantity and the area. Also, the noun “area” is occasionally used.

EXAMPLE 1
surface mass density: p4 pa=m/A
surface electric charge density: p, p,=Q/A

The noun “density” is added to the name of a quantity expressing a flux or a current to indicate the
quotient of such a quantity and the surface area. See also A.5.2.

EXAMPLE 2

©1S0 2022 - All rights reserved 17
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density of heat flow rate: g g=®/A
electric current density: J J=1/A
magnetic flux density: B B=9®/A

A.5.4 The term “linear ..

indicate the quotient of that quantity and the length. Also, the noun “line” is occasionally used.

EXAMPLE 1
linear mass density: p; py=m/l

The term [‘linear” is also added to the name of a quantity solely to distinguish between sim

quantities.

EXAMPLE 2
mean linear range: R R=>R; /n
mean I\ass range: R, R,=Rp
linear pxpansion coefficient: q; a;=11dl/dT
cubic gxpansion coefficient: ay, ay = V-1dv/dT
linear pttenuation coefficient: u u=—-J1dj/dx
mass dttenuation coefficient: y,, Up=HU/P

A.5.5 Th

b adjective “molar” is added to the namelef a quantity to indicate the quotient of that quan

. density” or the adjective “linear” is added to the name of a quantity to

ilar

tity

the

na

and the anfount of substance.
EXAMPLE
molar polume: V| V,=V/n
molar |nternal energy: U, U,=U/n
molar mass: M M=m/n
NOTE The word “molar” violates the principle that the name of the quantity should not be mixed with
name of the|unit (moleiin this case). See A.1.
A.5.6 The¢ tetm “concentration” is added to the name of a quantity, especially for a substance
mixture, tq indicate the quotient of that quantity and the total volume.
EXAMPLE
amount-of-substance concentration of B: cg=ng/V
CB
molecular concentration of B: Cy Cg=Ng/V
mass concentration of B: pg pg=mg/V

The term “spectral concentration” is used in English to denote a spectral distribution function.

18
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