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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (18O member bodies). The work of
preparing International Standards is normally carried out through SO
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 180, also fake part in the work. 180
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member hodies casting
a vote.

Amendment1 to paris 1 to 10, 12 and 13 of International Standard
IS0 31:1992 was prepared by Technical Committee ISO/TC 12, Quantities,
units, symbols, convarsion factors.
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AMENDMENT 1

Page v
Replace subclause 0.3.2 with the following text:
0.3.2 Remark on units for quantities of dimension one

The coherent unit for any quantity of dimension one is the number one, symbol 1. When the value of such a quantity
is expressed, the unit symbol 1 is generally not written out explicitly.

EXAMPLE
Refractive indexn=153x1=1,53

Prefixes shall not be used to form multiples or submultiples of this unit. Instead of prefixes, powers of 10 may be
used.

EXAMPLE
Reynolds number Re = 1,32 x 108

Considering that plane angle is generally expressed as the ratio of two lengths and solid angle as the ratio of two
areas, in 1995 the CGPM has specified that, in the International System of Units, the radian, rad, and the steradian,
sr, are “dimensionless” derived units. This implies that the quantities plane angle and solid angle are considered as
derived guantities of dimension one. The units radian and steradian may be omitted, or they may be used in
expressions for derived units to facilitate distinction between quantities of different nature but having the same
dimension.
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Foreword

18O {he International QOrganization for Standardization} is a worldwide
federation of national standards bodies (SO 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 1SO, also take part in the work, 1SO
collaborates closely with the International Electrotechnical Commission
{IEC} on all matters of electrotechnical standardization.

Dreft International Standards adoptad by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodias casting
a vots.

International Standard ISO 31-10 was prepared by Technical Committee
ISO/TC 12, Quantities, units, symbuols, conversion factors.

This third editon cancels and replaces the second edition
(ISO 31-10:1980). The major technical changes from the second edition
are the following:

— the decision by the International Committee for Weights and Measures
(Comité International des Poids et Mesures, CIPM) in 1980 concerning
the status of supplementary units has been incorporated;

— units in use temporarily have been transferred to the "Conversion fac-
tors and remarks” column;

— the annex has been deleted.

The scope of Technical Committee ISO/TC 12 is standardization of units
and symbols for quantities and units {and mathematical symbols) used
within the different fields of science and technology, giving, where
necessary, definitions of these quantities and units. Standard conversion
factors for converting between the various units alse come under the
scope of the TC. In fulfilment of this responsibility, ISO/TC 12 has pre-
pared 1SO 31.

£ IS0 1992

All rights reserved. Unlass otherwise specified, no part of this publication may be repreduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.
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ISO 31 consists of the following parts, under the general title Quantities
and units:

— Part 0: General principles

— Part 1: Space and time

— Part 2: Periodic and reiated phencmena

— Fart 3: Mechanics

— Part 4: Heat

— Part &: Electricity and magnetism

— Part 6: Light and refated efectromégri:ér."é radférlfor.?.s.
C—_ F;ért 7 Aéoustfbs .

— Part 8: Physical chemistry and molecular phys.*cs .
| — Part 9: Atbm.fc aha’ nuclesr physics

— Part 10: Nuclear reactions and ionizing radiations '

— Part 11: Mathematical signs and symbols for use in the physical
sclences and technology '

— Part 12: Characteristic numbers

— Part 13: Solid state physics
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Introduction

0.1 Arrangement of the tables

The tables of quantities and units in ISO 31 are arranged so that the
quantities are presented on the left-hand pages and the units on the cor-
responding right-hand pages.

All units between two full lines bslong to the guantities between the cor-
responding full lines on the left-hand pages.

Where the numbering of an item has been changed in tha revision of a
part of 1SO 31, the number in the preceding edition is shown in par-
entheses on the left-hand page under the new number for the quantity; a
dash is used to indicate that the item in question did not appear in the
preceding edition.

0.2 Tables of quantities

The most important quantities within the field of this document are given
together with their symbols and, in most cases, definitions, These defi- i
nitions are given merely for identification; they are not intended tc be :
complete.

The vectorial character of some quantities is pointed out, especially when
this is needed for the definitions, but no attempt is made to be complete
or consistent.

In most cases only one name and only one symbol for the quantity are
given; where two or more names or two or more symbols are given for
one guantity and no special distinction is made, they are on an equal
tooting. When two types of italic {sloping} letter exist {for example as with
3, 8; 9, ¢; g, g) only one of these is given. This does not mean that the
other is not equally acceptable. In general it is reccmmended that such
variants should not be given different meanings. A symbaol within par-
entheses implies that it is a “reserve symbol”, to be used when, in a
particular context, the main symbol is in use with a different meaning.

0.3 Tables of units

0.3.1 General

Units for the cc;rresponding quantities are given together with the inter-
national symbols and the definitions. For further information, see 1SO 31-0.

The units are arranged in the following way:

al The names of the Sl units are given in large print {larger than text size).
The 8l units have been adepted by the General Conference on Weights
and Measures {Conference Générale des Poids et Mesures, CGPM).
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The Sl units and their decimal multiples and sub-multiples are recom-
mended, although the decumal multiples and sub-multiples are not ex-
pllcmy mentloned

b} The names of nen-S| units which may be used together with Sl units
‘because of their practical importance or because of their use in spe-
cialized fields are given in normal print (text size).

These units are separated by a broken line from the SI units for the
gquantities concerned.

¢} The names of non-Sl units-which may be used temporarily together
with Sl units are given in small print {smaller than text size} in the
“Conversion factors and remarks” column.

d} The names of non-Sl units which should not be combined with 51 units
are given only in annexes in some parts of ISO 31. These annexas are
informative and not integral parts of the standard. They are arranged in
three groups:

1) special names of units in the CGS system;

2) names of units based on the foot, pound and second and some
other related units;

3) names of other units.

0.3.2 Remark on units for quantities of dimension one

The coherent unit for any quantity of dimension one is the number ong {1).
When the value of such a quantity is expressed, the unit 1 is generally not
written out explicitly. Prefixes shall not be used to form multiples or sub-
multiptes of this unit. Instead of prefixes, powers of 10 may be used.

EXAMPLES

Refractive index n=1,63x1=1,563
Reynolds number Re = 1,32 x 10°

Considering that plane angle is generally expressed as the ratic between
two lengths, and solid angle as the ratio between an area and the sguare
of a length, the CIPM specified in 1980 that, in the International System
of Units, the radian and steradian are dimensioniess derived units. This
implies that the quantities plane angle and solid angle are considersd as
dimensionless derived guantities. The units radian and steradian may be
used in expressions for derived units to facilitate distinction between
quantities of different nature but having the same dimansion.

0.4 Numerical statements

Al numbers in the “Definition” ¢olurmn are exact.

When numbers in the “Conversion factors and remarks” column are
exact, the word “exactly” is added in parentheses after the number.

0.5 Special remarks

In this part of ISO 31, the term "particle” includes particles without a rest
mass as well as particles having a rest mass.
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Several quantities given in this part of 15O 31 are spectral concentrations
sxpressad in terms of energy, speed, solid angle, etc. The subscripts E, v
and £2 are used as part of the symbo! to indicate that the quantity has the
dimension of a derivative with respect to E, v and £2 raspectively. Spectral
concentrations are also called distribution functions. The name of a quan-
tity which is a spectral concentration may be shortened by replacing the
words “spectral concentration of” by the adjective “spectral”. In general,
these distribution functions are only mentionad in the remarks column;
see for example 10-12, 10-29, 10-31 and 10-32.

In the case of cross-sections, some of these distribution functions are
given special names and are listed as separate items.

vi
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Quantities afn:-d--'un_its- —_

Part 10:

Nuclear reactions and ionizing radiations

1 Scope

This part of IS0 31 gives names and symbols for
quantities and units of nuclear reactions and ionizing
radiations. VWhere appropriate, conversion factors are
also given. '

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 31. At the time of publication, the
editions indicated were vaiid. All standards are subject
to revision, and parties t¢ agreements based on this
part of ISO 31 are encouraged to investigate the

possibility of applying the most recent edittans of the
standards indicated below. Members of IEC and 1SO
maintain registers of currently valid International
Standards.

ISO 31-6:1992, Quantities and units — Part 6: Light
and related efectromagnetic racliations. :

SO 31-9:19892, Quantities and units — Part 5; Atomfc.

and nuclear physics.

"3 Names and symbols

‘The names and symbols for quantities and units of

nuclear reactions and.ionizing radiations are. given on
the following pages.
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NUCLEAR REACTIONS AND IONIZING RADIATIONS Quantities
llt:;n Quantity Symbol Definition Remarks

107 reaction energy Q In a nuclear reaction, the sum For exathermic nuciear re-
of the kinetic and photen ener- | actions, @ > 0.
gies of the reaction products For endothermic nuclear re-
minus the surn of the kinetic actions, @ < Q.
and photon energies of the For beta disintegration, see
reactants ISC 31-8,

70-2 resonance snargy E, By Kinetic energy of an incident
particle, in the reference frame
of the target, corresponding to
a resonance in a nuclear re-
action

10-3.1 | cross-section o For a specified target entity and | The type of process is indicated
for a specified reaction or proc- | by subscripts, e.g.
8ss produced by incident absorption cross-section o,
charged or uncharged particles | scattering cross-section o,
of specified type and enargy, fission cross-section oy
the cross-section is the proba-
hility of this reaction ar process
for this target entity divided by
the incident-particle fluence

10-3.2 | total cross-section | g o7 The sum of all cross-sections In the case of 2 narrow

corresponding to the various
reactions or processes be-
tween an incident particle of
specified type and energy and
a target particle

unidirectional beam of incident
particles, this is the effective
cross-section for the removal
of an incident particle from the
beam,

See remark on 10-16.
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Units _ NUCLEAR REACTIONS AND IONIZING RADIATIONS
Itom . international o
No Nams of unit symbol for -+ - Definition : - Conversion factors and remarks
) unit '
1012 [joule - .- . |J
10-1.b electronvoltl | eV | : ' 1TeV=(160217733+
Y I . - 0,000 000 49) x 107'%y ¥
Quantity 10-1 is usually expressed in
electronvolts.

1) CODATA Bulletin 63 {1986).

1022 ljoue . . |4
102b |electronvolt | ev - 1eV=(1,60217733 +

. 0,000 000 49) x 10~19 gV
Ouantity 10-2 is usually expressed in.
electronvolts.

1) CODATA Bulletin 63 (1986).

103.a | square metre” | m? | barn (b), 1 b= 1072 m’
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities
'ﬁ: Quantity Symbol Dafinition Remarks
10-4 angular ag Cross-section for ejecting or Quantities 10-4, 10-5 and 10-6
cross-section scattering a particle into an ele- | are someatimes cailed differen-
ment of solid angle, divided by | tial cross-sections,
this element. in accordance with conventions
c=fospdR used in other parts of 1SO 31,
angular and spectral cross-
sections are indicated by the
106 spectral fg Cross-section for a process in use of subscripts. Information
cross-section which the energy of the ejected | about incoming and cutgoing
or scattered particie is in an el- | particles rmay be added be-
ement of energy, divided by tween parentheses, e.g.
this slement. o £(nEy. PES) or '
o={ogdE g, (k. P) OF og g(n. P).
The cross-section for a process
in which an incoming neutron
10-6 spectral angular Co E Cross-section for gjecting or of energy E, causes the

crass-section

scattering a particle into an ele-
ment of solid angle with energy
in an element of energy, div-
ided by tha product of these
two elements.
o=[{ag;dR2dE

ejection of a proton within the
energy interval (E, £ + dE) and
in the element of sofid angle
dq, about the scattering angle
§is

oq p(NEo PES) d2 dE.
Sormetimes the incoming and
outgoing particles are indicated
by subscripts, in which case
the subscript 22 or E indicating
the angular or spectral charac-
ter could be placed in the
superscript position, e.g.
oE(Eg) or o2 F

If, however, the subscripts £2
or E are omitted completely
from the cross-section symbol,
the angular or spectral charac-
tar of tha cross-section then
foliows only from the occur-
rence of the variable & or E for
the outgoing particles batween
the parentheses, e.g.

&y, olEp. ES) Or o, (ES}.

These variabies should then
never be omitted.
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 Units NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued)

h International

hf;“ Name of unit symboaol for . Definition - Conversion factors and remarks

) unlt o

10-4.a | square metre per | m¥jsr -

- steradian - '
“105.a | square metre per m?1J
: joule
10-6.a | square metre per| m%/(sr.J) |

steradian joule
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities
‘ﬁ:‘ Cuanthty Symbol Definitlon Remarks
10-7.1 | volumic z Surmn of the cross-sections fora | £ =moq + ... + mo; + ...
cross-section, reaction or process of a speci- | where »; is the number density
Macroscopic fied type over all atoms in a and ¢, is the cross-section for
cross-section given volume, divided by that atoms of type i. Whan the tar-
volume get particles of the medium are
at rest, £ =1/I, where [ is the
mean free path {see 10-39).
10-7.2 | volumic total Ziw E7 Sum of the total cross-sections | See remark on 10-13.
cross-section, for all atoms in a given volume,
macroscopic total divided by that volume
cross-section
108 particle fluence P At a given point in space, the Usually the word particle is re-
number of particles incident on | placed by the name of a spe-
a small sphere, divided by the cific particle, for example
cross-sectional area of that proton fluence,
sphere
10-9 particle fluence ) Q= %ﬁ See also 10-31, where distrib-
rate, f ution functions are also in-
{particle flux cluded in the “Remarks”
density) column.
10-10 energy fluence ¥ Af a given point in space, the
sum cof the energies, exclusive
of rest energy, of all the parti-
cles incident on a small sphere,
divided by the cross-sectional
area of that sphere
10-11 energy fluence rate, | ¢ Y= %—IP
{energy flux density) d
10-12 | current density of FANES! Vector quantity, the integral of | § is recommended when there
particles whose normal component over | is a possibility of confusion with |
any surface is equal to the net | the symbeol J for electric current |
number I of particles passing density. For neutron ¢urrent
through that surface in a small | density, the symbol J is gener-
time interval divided by that in- | alty used. The distribution func-
terval, tions expressed in terms of
{J-e, dA =dids speed and energy, J, and J,
) are related to J by
vmvr;i;e e, d4 is a surface sle- J={J,dv=JdE.
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Units

NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued)

em
No.

Name# of unit

International
symbol for
unit

- Definition

Conversion factors and remarks;

10-7.a

reciprocal metre, -

metre to the
power minus
one

m—‘l

__ 10-8.a

reciprocal sguare
metre,

metre to the -
power minus
two

-2

109.a

reciprocal square
metre per
second,

metre to the
power minus
two per second

m™4s

10-10.2

joule per square .
- metre

J[mz

10-11.8

watt per square
metre

10-12.8

reciprocal square
metre per
second,

metre to the
power minus
two per second
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NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued) Quantities
Item Q .
No. uantity Symbol Definition Remarks
10-13 | linear attenuation o, Hy p=— (147} dijdx g is equal to the macroscopic
coefficient where J is the current density | total cross-section X, for re-
of a beam of particles parallel to | moval of particles from the
the x-direction beam.
10-14 | mass sttenuation o The linear attenuation coeffi-
coefficient cient divided by the volurnic
mass of the substance.
Hn = ple
10-16 | molar attenuation He pe = wic
coefficient where ¢ is the amount-of-
substance concentration
10-16 | atomic attenuation | pg, pg fy = ffn H, is equal to the total cross-
cosfficient where n is the number density | section g, for removal of par-
of the atoms in the substance | ticles from the beam.
(see also 10-27)
10-17 | half-thickness, ayp, Thickness of the attenuating For exponertial attenuation,
half-value thickness layer that reduces the current | d;, = {In 2)/p.
density of a unidirectional beam | Other half-value thicknesses,
to one-half of its initial value such as that for attenuation of
absorbed dose rate, are also
used.
10-18 | total linear stopping | S, S, For an ionizing charged particle | Also calted stopping power.
power of energy £ moving in the x-di- | Both collision lossee and radi-
rection, ation losses are included.
§=—dEfdx The ratio of the total linear
stopping power of a substance
to that of & reference sub-
stance is called the relative fin-
ear stopping power.
See also 10-64.
10-19 | total atomic S, 5, =8/n
stopping power where n is the number density
of the atoms in the substance
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‘Units | NUCLEAR REACTIONS AND IONIZING RADIATIONS (continued)
| International . _
“NG:" Name of unit symbol for Definition " Coriversion factors and remarks
: unit

.10-13:a | reciprocal metre, | m™

‘metre to the
power minus
one

10-14.3 | metre squared m?/kg

per kilogram
10-16.a | metre squared mZ/mol
per mole : '
10-16.a | metre squared m?

10-17.a | metre m

10-18.a | joule per metre Jim

10-18.b electronvolt_per_" levim 1eVim=(1,60217733 %
metre _ _ 0,000 000 49) x 10™*° Jjm "V

1} CODATA Bulletin 83 {1986).

10-18.a | joute metre J-m
" squared '
A10-19.b | electronvolt metre | eV - m? 1eV.m?= {1,602 177 33 +

squared ] | | 0,000 000 49) x 107y - m? ©

1) CODATA Bulletin 63 {1986},
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NUCLEAR REACTIONS AND IONIZING RADIATIONS {continued) Quantities
i;leom Quantity Symbol ~ Definition Remarks
10—20 totat mass stopping | S, Total linear stopping power div- | The ratic of the total mass
power ided by the volumic mass of the | stopping power of a substance
substance, to that of a reference sub-
S.=3jo stance is called the relative
mass stopping power.
10-21 mean linear range R, R Distanc"e that a particle péne-
trates in a given substance un-
der specified conditions
| averaged over a group of parti-
cles having the same indtial en-
ergy
10-22 | mean mass range | R, (R, Mean finear range multiplied by
the volumic mass of the sub-
stance.
R,=R-p
10-23 | linear ionization by | Ny Number of elementary charges | lonization due to secondary
' a particle of the same sign produced over | ionizing particles, etc., is in-
an element of length of the cluded.
path of an ionizing charged par-
ticle, divided by that element
10-24 | total ionization by a | N, Totat number of elementary N, =[Ny di
particle ' charges of the same sign prod- | See remark on 10-23.
uced by an ionizing charged
particle along its entire path
10-25 | average energy loss | W, Initial kinetic energy of an The quantity S;/N;, sometimes
per ionh pair ionizing charged particle, div- called the average energy per
formed, ided by the total ionization ian pair formed, should not be
(average energy produced by that particle confused with W
loss per
elementary charge
of the same sign
produced)
10-26 | mobility U Average dnift velocity imparted

to a charged particle in a me-
dium by an electric field, div-
ided by the field strength

10




