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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 whom 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 standardizati

Draft International Standards adopted by the technical committees are cwculat 9 ber bodies for
votlng Publication as an International Standard requires approval by at lezst er bodies

International Standard 1SO 80000-10 was prepared by Techpi i S 12, Quantities and units,
in co-operation with IEC/TC 25, Quantities and unjts

This first edition of 1SO 80000-10 cancels and : and SO 31-10:1992. It also
incorporates Amendments ISO 31-9:1992/Amd.1:}£ 0: 1992/Amd 1:1998. The major technical

— many definitions have been re-formulated;

— newer values for fundamental constants have been used.

ISO 80000 consists of the following parts, under the general title Quantities and units:

— Part 1: General

— Part 2: Mathematical signs and symbols to be used in the natural sciences and technology
— Part 3: Space and time

— Part 4: Mechanics
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— Part 5: Thermodynamics

— Part 7: Light

— Part 8: Acoustics

— Part 9: Physical chemistry and molecular physics
— Part 10: Atomic and nuclear physics

— Part 11: Characteristic numbers

— Part 12: Solid state physics

IEC 80000 consists of the following parts, under the general title Quantities
— Part 6: Electromagnetism
— Part 13: Information science and technology

— Part 14: Telebiometrics related to human physiology

O
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Introduction

0.1 Arrangements of the tables

The tables of quantities and units in this International Standard are arranged so that the quantities are
presented on the left-hand pages and the units on the corresponding right-hand pages.

All units between two full lines on the right-hand pages belong to the quantities between
lines on the left-hand pages.

orresponding full

definitions.

In most cases only one name and
two or more symbols are given\for
footing. When two types of italic letters. exi 3 with #and 6; ¢ and ¢; a and ¢; g and g), only one
of these is given. This dogs\no i ¢ is hot equally acceptable. It is recommended that such
variants not be given difmaning A symbol within parentheses implies that it is a reserve symbol, to
be used when, in a particula vl | is in use with a different meaning.

In this English edition, the in Freénch are printed in an italic font, and are preceded by fr. The
gender of the French pameg Is ingica
the French name.

0.3 Tables of

0.3.1 General

The names of units for the corresponding quantities are given together with the international symbols and the
definitions. These unit names are language-dependent, but the symbols are international and the same in all
languages. For further information, see the S| Brochure (8th edition, 2006) from BIPM and ISO 80000-1.

The units are arranged in the following way:
a) The coherent Sl units are given first. The Sl units have been adopted by the General Conference on
Weights and Measures (Conférence Générale des Poids et Mesures, CGPM). The coherent Sl units and

their decimal multiples and submultiples formed with the S| prefixes are recommended, although the
decimal multiples and submultiples are not explicitly mentioned.

Vi © 1SO 2009 - All rights reserved
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b) Some non-SlI units are then given, namely those accepted by the International Committee for Weights
and Measures (Comité International des Poids et Mesures, CIPM), or by the International Organization of
Legal Metrology (Organisation Internationale de Métrologie Légale, OIML), or by ISO and IEC, for use
with the SI.

Such units are separated from the Sl units in the item by use of a broken line between the Sl units and
the other units.

c) Non-SI units currently accepted by the CIPM for use with the Sl are given in small print (smaller than the
text size) in the “Conversion factors and remarks” column.

d) Non-SlI units that are not recommended are given only in annexes in some parts of this International
Standard. These annexes are informative, in the first place for the conversio tors, and are not integral
parts of the standard. These deprecated units are arranged in two groups:

1) units in the CGS system with special names;
2) units based on the foot, pound, second, and some other rel

e) Other non-Sl units given for information, especially regarding sion factors, are given in

quantities

The coherent unit for any quantity of di imepsSionless quantity, is the number one,
i " it symbol 1 is generally not written out

explicitly.

EXAMPLE 1

Prefixes shall not be us i es of this unit. Instead of prefixes, powers of 10 are
recommended.

EXAMPLE 2 R

expressed as the ratio of two lengths and the solid angle as the
ified that, in the SI, the radian, symbol rad, and steradian, symbol sr,
plies that the quantities plane angle and solid angle are considered as
. The units radian and steradian are thus equal to one; they may either be
expressions for derived units to facilitate distinction between quantities of
ame dimension.

The sign = is used to denote “is exactly equal to”, the sign = is used to denote “is approximately equal to”, and
the sign = is used to denote “is by definition equal to”.

Numerical values of physical quantities that have been experimentally determined always have an associated
measurement uncertainty. This uncertainty should always be specified. In this International Standard, the
magnitude of the uncertainty is represented as in the following example.

EXAMPLE 1=2,347 82(32) m

In this example, /= a(b) m, the numerical value of the uncertainty 4 indicated in parentheses is assumed to
apply to the last (and least significant) digits of the numerical value a of the length /. This notation is used
when b represents the standard uncertainty (estimated standard deviation) in the last digits of a. The
numerical example given above may be interpreted to mean that the best estimate of the numerical value of
the length /, when [ is expressed in the unit metre is 2,347 82, and that the unknown value of / is believed to

© ISO 2009 — All rights reserved vii
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lie between (2,347 82 -0,00032)m and (2,347 82 + 0,000 32) m with a probability determined by the
standard uncertainty 0,000 32 m and the probability distribution of the values of /.

0.5 Special remarks

0.5.1 Quantities

The fundamental physical constants given in 1SO 80000-10 are quoted in the consistent values of the
fundamental physical constants published in “2006 CODATA recommended values”. See the CODATA
website: http://physics.nist.gov/cuu/constants/index.html.

0.5.2 Special units

Individual scientists should have the freedom to use non-Sl units when they
advantage in their work. For this reason, non-SI units which are relevant for ato
listed in Annex A.

O

Viii © ISO 2009 — All rights reserved


http://physics.nist.gov/cuu/constants/index.html

INTERNATIONAL STANDARD ISO 80000-10:2009(E)

Quantities and units —

Part 10:
Atomic and nuclear physics

1 Scope

ISO 80000-10 gives the names, symbols, and definitions for quantiti ic and nuclear

physics. Where appropriate, conversion factors are also given.

2 Normative references

ISO 80000-5:2007, Quan

IEC 80000-6:200

The names, symba d definitions for quantities and units used in atomic and nuclear physics are given on

the following pages.
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-1.1 atomic number, VA number of protons in an A nuclide is a species of atom with
(9-1) proton number atomic nucleus specified numbers of protons and
fr numéro (m) neutrons.
atomique, Nuclides with the same value of Z
nombre (m) de but different values of N are called
protons isotopes of an element.
The ordinal number of an element in
the periodic table is equal to the
atomic number.
10-1.2 neutron number N number of neutrons in an
(9-2) fr nombre (m) de atomic nucleus
neutrons
10-1.3 nucleon number, | 4 numberx n
9-3 mass number atomic
(-3) Nuclides with the same value of 4 are
fr nombre (m) de called isobars.
nucléons,
nombre (m) de
Pt i NN
10-2 rest mass, Q X), fox particle™X, mass Specifically,
(9-5.1) proper mass ISO80080-4:2006, item for an electron:
(9-5.2) p " t particle at rest ' 31
(9-5.3 | mf;;fs( )ay mg, =9,109 382 15(45)x 103" kg;
masse ( for a proton:
propr \ m, =1,672 621 637(83)x 107> kg;
X for a neutron:
m,, =1,674 927 211(84)x107%" kg
[2006 CODATA recommended
values].
Rest mass is often denoted m;,.
10-3 rest energy E, for a particle,
=) fr énergie (f) au E, =moc(2J
repos where my, is the rest mass
(item 10-2) of that particle,
and ¢ is the speed of
light in vacuum
(ISO 80000-7:2008, item
7-4.1)
2 © 1SO 2009 — All rights reserved
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UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-1.a one 1 See the Introduction, 0.3.2.

10-2.a kilogr@ B\ kg& OQ00>
. 1Da=1u=

dalton, on is equal to 1/12 times
Ee mass of a free carbon 12 | 1,660 538 782(83) x 1027 kg
tom, at rest and in its ground | [2006 CODATA recommended

state values].

10-3.a joule J

(continued)
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ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
10-4.1 atomic mass, m(X), rest mass my . ]
(9-4.1) | nuclidic mass " (ISO 80000-4:2006, item | . i called the relative atomic
fr masse () a 4-1) of a neutral atom or a !
) nuclide X in the ground mass.
atomique,
state
masse (f)
nucléidique
10-4.2 unified atomic my, 1/12 of the mass m, = 1,660 538 782(83) x 1027 kg
(9-4.2) mass constant (1ISO 80000-4:2006, item [2006 CODATA fecommended
4-1) of a neutral atom of
fr constante (f) 12 values].
oo the nuclide '4C in the
unifiée de d state at rest
masse ground state at res
atomique
10-5.1 elementary e negative of electric charge
(9-6) charge (IEC 80000-6:2008,
fr charge (f) item 6-2) of the electr
élémentaire
10-5.2 charge number, c
(—) ionization | if its charge number is equal
number to zero.
The charge number of a particle can
fr noclzsrree(m) de be positive, negative, or zero.
ge, The state of charge of a particle may
charge (f) :
ioniaue be presented as a superscript to the
qa symbol of that particle, e.g.
<> H*, He™, A%, CIm, 87 N~
10-6.1 Planck constant ,{| 4 e M quantum of h =6,626 068 96(33) x 10734 J s
(9-7) fr constante ( action(ISO 80000-4:2006, |[2006 CODATA recommended
iter4-37) values].

N Energy E of harmonic vibration of
frequency f can change for
multiples of AE=hf =#hw only.

10-6.2 reduced Planck h h h =1,054 571 628(53) x 10734 J s
(—) constant h=—_— [2006 CODATA recommended
21
lues].
fr constante (f) . va
de Planck \év::srtzrﬁ (Ii‘:' ;:181?_%”,? ;( 7 is sometimes known as hbar or the
reduite : Dirac constant.
4 © 1SO 2009 — All rights reserved
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UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-4.a kilogram kg
10-4.b dalton, Da, u 1 dalton is equal to 1/12times |1 Da=1u=
unified atomic the mass of a free carbon 12 1,660 538 782(83) x 1027 kg
mass unit atom, at rest and in its ground | [2006 CODATA recommended
state values].

10-5.a coulomb C

/s

e
P

(continued)

© 1SO 2009 — All rights reserved 5



ISO 80000-10:2009(E)

ATOMIC AND NUCLEAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
1 g-g Bohr radius ag  Amegh? ag = 0,529 177 208 59(36) x 1010 m
%8 |4 rayon (m) de Sl [2006 CODATA recommended
Bohr e values].
where & is the electric The radius of the electron orbital in
constant the H-atom in its ground state is aj in
(IEC 80000-6:2008, item g 0
the Bohr model of the atom.
6-14.1),
71 is the reduced Planck
constant (item 10-6.2),
m, is the rest mass of
electron (item 10-2), and
e is the elementary
charge (item 10-5.1)
10-8 Rydberg constant
(9-9)
fr constante (f)
de Rydberg
tity R, =R, hc is called
rg energy.
10-9 Hartree energy “\WZ\\, E, &2 Ey =4,359 743 94(22) x 1018 J
100 4 sifecgiotthde En=— [2006 CODATA recommended
0%
Ha values].
where e. 's the elementary The energy of the electron in
charge (item 10-5.1), o .
. , H-atom in its ground state is —F,.
gq is the electric constant
(IEC 80000-6:2008, item Ey=2R., - hcy.
6-14.1), and
ag is the Bohr radius (item
10-7)
6 © 1SO 2009 — All rights reserved
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UNITS ATOMIC AND NUCLEAR PHYSICS
Item No. Name Symbol Definition Conversion factors and remarks
10-7.a metre m angstrom (A), 1 A= 10"0m
10-8.a metre to the m-1 \ \>

power minus

one
10-9.a oule \ M
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