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INTERNATIONAL STANDARD

1SO 31/9-1980 (E)

Quantities and units of atomic and nuclear physics

Introduction

This docume|
atomic and

nt, containing a table of quantities and units of
uclear physics, is part 9 of 1SO 31, which deals

with quantiti

s and units in the various fields of science and

technology. The complete list of parts of ISO 31 is as follows :

Part O :
symbols,

Part 1: Q

Part2: (
phenomer

Part3: Q
Part4: Q

Part5: Q

neral principles concerning quantities, units and

Lantities and units of space and time.

Duantities and units of periodic and related
a.

Liantities and units of mechanics.
Liantities and units of heat.

Liantities and units of electricity and.magnetism,

Part 6 : Quantities and units of light and related elec-

tromagne
Part7: Q

Part8: ¢
molecular

Part9: Q

jc radiations.
antities and units of .acoustics.

uantities and wnits of physical chemistry and
physics.

Lantities and units of atomic and nuclear physics.

Part 10 :

vantities and units of nuclear reactions and ioniz-

Arrangement of the tables

The tables of quantities andunitsin ISO 31 are a
the quantities are presehted on left-hand page
on corresponding right-hand pages.

All units between/two full lines belong to the
tween the corresponding full lines on the left-hg

Where the numbering of the items has been ¢
revision of a part of ISO 31, the number in the

new number for the quantity; a dash is used to i

ranged so that
and the units

quantities be-
nd pages.

hanged in the
preceding edi-

icate that the
edition.

tion is shown in parentheses on the left-hand ¥ge under the

item in question did not appear in the precedin

Tables of quantities

The most important quantities within the field of
are given together with their symbols and, i
definitions. These definitions are given merely
tion; they are not intended to be complete.

this document
N most cases,
for identifica-

The vectorial character of some quantities i pointed out,

especially when this is needed for the defin
attempt is made to be complete or consistent.

tions, but no

In most cases only one symbol for the quantity is given{l);
where two or more symbols are given for one dquantity and no
special distinction is made, they are on an equal [footing. When

a preferred symbol and a reserve symbol are gi
symbol is in parentheses.

n, the reserve

ing radiations.

Part 11 : Mathematical signs and symbols for use in the
physical sciences and technology.

Part 12 : Dimensionless parameters,

Part 13 : Quantities and units of solid state physics.

Tables of units

Units for the corresponding quantities are given together with
the international symbols and the definitions. For further infor-

mation, see aiso 1SO 31/0.

(1) When two types of sloping letters exist (for example as with 8; ¥; ¢; ¢; &; g) only one of these is given. This does not mean that the other is not
equally acceptable.



https://standardsiso.com/api/?name=9b69f32d5bcc997f143f708296e980ca

ISO 31/9-1980 (E)

The units are arranged in the following way :

1) The names of the Sl units are given in large print (larger
than text size). The Sl units and their decimal multiples and
sub-multiples formed by means of the Sl prefixes are par-
ticularly recommended. The decimal multiples and sub-
multiples are not explicity mentioned.

2) The names of non-S| units which may be used together
with Sl units because of their practical importance or
because of their use in specialized fields are given in normal
print (text size).

If plane angle and solid angle were treated as base quantities,
the units radian and steradian would be base units and could
not be considered as special names for the number 1. Such a
treatment would require extensive changes in I1SO 31.

Number of digits in numerical statements(2
All numbers in the column ’Definition’’ are exact.

In the column “Conversion factors”, the conversion factors on

3) The namegs of non-Si units which may be used tem-
porarily together with S| units are given in small print
(smaller than text size).

The units in classgs 2 and 3 are separated by a broken line from
the Sl units for the quantities concerned.

4) Non-Si unjits which should not be used together with S|
units are giver in annexes in some parts of ISO 31. These
annexes are not integral parts of the standards. They are
arranged in thfee groups :

1) Units df the CGS system with special names

It is generally preferable not to use the special names and
symbols of|CGS units together with SI units.

2) Units hased on the foot, pound and second and
some other units

3) Other gnits

These are diven for information, especially regarding the
conversion factor. The use of those units marked with f
is deprecated.

Remark on supplementary units

The General Cdnference of Weights\and Measures has
classified the Si ynits radian and steradian as “supplementary
units”, deliberately leaving opencthe question of whether they
are base units or flerived units,\and consequently the question
of whether plane pngle and.solid angle are to be considered as
base quantities of derived quantities.(!

In 1ISO 31, plane jpngle and solid angle are treated as derived

which—thecafcutatiomrofothersTsbasedare ormaty given to
seven significant digits. When they are exact and ‘contain seven
or fewer digits, and where it is not obvious from’'tHe context,
the word “exactly” is added, but when they ‘can be terminated
after more than seven digits, they may be\given in full. When
the conversion factors are derived from” experiment, they are
given with the number of significant_digits justified [by the ac-
curacy of the experiments. Genérally, this means that in such
cases the last digit only «is_in doubt. When, | however,
experiment justifies more than seven digits, the factar is usually
rounded off to seven significant digits.

significant digits; when they are exactly known and gontain six
or fewer digits, ‘and where it is not obvious from the context,
the word ‘‘exactly”’ is added.

The other conversion-factors are given to not mo;F than six

Numbers’in the column ""Remarks” are given to a prgcision ap-
prapriate to the particular case.

Special remarks

The fundamental physical constants given in this doqument are
either quoted in or calculated from the consistent values of the
fundamental physical constants published in CODATA Bulletin
11, 1973.

For some of the "electrical”’ quantities, equations founded on
three base quantities, in particular equations of thd Gaussian
system, are given in Annex D, together with the|numerical
values of certain atomic constants expressed in the units of the
Gaussian CGS system. For further details, see the introduction
to 1SO 31/5.

The names and symbols of the chemical elements afe given in
annex A.

quantities (see also T they
ratios of two lengths and of two areas respectively, and conse-
quently they are treated as dimensionless quantities. Although
in this treatment the coherent unit for both quantities is the
number 1, it is convenient to use the special names radian and
steradian instead of the number 1 in many practical cases.

The names and symbols for nuclides of the radioactive series
are given in annex C.

In this standard, annexes A and B are integral parts of the stan-
dard. Annexes C, D and E are not integral parts of the standard.

(1) However, in October 1980 the International Committee of Weights and Measures decided to interpret the class of supplementary units ir? the In-
ternational System as a class of dimensionless derived units for which the General Conference of Weights and Measures leaves open the possibility of
using these or not in expressions of derived units of the International System.

{2) The decimal sign is a comma on the line. in documents in the English language, a comma or a dot on the line may be used.
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9. Atomic and nuclear physics

Quantities
9-1.1...97.1
| .
lt\le:' Quantity Symbol Definition Remarks
9-1.1 proton number, VA Number of protons in an atomic | This quantity is dimensionless.
atomic number nucleus. A nuclide is a species of atoms with
specified numbers of protons and
neutrons.
Nuclides with the same value of Z
are called isotopes.
The atomic number if-the periodic
tabie is equal to the'proton number.
See also annex B:
9-2.1 neutrgn number N Number of neutrons in an atomic | This quantity‘is dimensionless.
nucleus. Nuclides_with the same value of N
are called isotones.
N —ZJis called the neutrgn excess
number, ~
9-3.1 nuclepn number, A Number of nucleons in an atomic < This quantity is dimensionless.
mass humber nucleus. A=Z+ N
Nuclides with the same vdiue of A4
are called isobars.
See also annex B.
9-4.1 | mass pf atom (of a mg, m(X) Rest mass of a neutral\atom in the | For hydrogen 'H
nuclide X), ground state. m('H) = (1,673559 4 + 0,000 008 6)
nuclidic mass x 1027 kg
= (1,007 825 036
+ 0,000 000 011} u
9-4.2 | (unifigd) atomic m, 1/12 of-the rest mass of a neutral | m, = (1,660 5655 + 0,000 008 6)
mass ponstant atomoof the nuclide '2C in the x 10727 kg
ground state. =1u
m
2 is called relative nucliflic mass.
u
For a particle with rest mdss m the
quantity mc2is called its rest energy.
9-5.1 | {rest) mass of m, mg = (0,910 953 4 + 0,000 004 7)
electrpn x 1030 kg
= (5,485 802 6 + 0,000 002 1)
x 104 u
9-5.2 | (rest) |mass of mg m, = (1,6726485 + 0,000 008 6)
proton X 1077 kg
= (1,007 276 470
+ 0,000 000 011) u
9-5.3 | (rest) mass of m, m, = (1,674 954 3 £ 0,000 008 6)
neutron x 1027 kg
= (1,008 665 012
+ 0,000 000 037) u
9-6.1 elementary charge e The electric charge of a proton. The electric charge of an electron is
equal to (— e).
e = (1,602 189 2 + 0,000 004 6)
x 10718 C
9-7.1 Planck constant h The elementary quantum of action. | A = (6,6263176 + 0,000 036)
x 10734 J.s
h = h/2n
= (1,054 588 7 + 0,000 005 7}
x 10-34 J.s
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Units
94.a...97a
Item International
No Name of unit symbol Definition Conversion factors Remarks
) for unit
9-4.a | kilogram kg
"94b | (ufified atomic  |u | 1(unified)atomic mass | 1u = 1,6608655 | |
mgss unit - unit is eqéal'to 1/12 of x 1077 kg
the rgst mass of a neu-
tral atom of the nuclide
2¢ in the ground
state.
9.6.a | kilogram kg
_____ S N S i N Ay ) Py P U
9-56.b | (unified} atomic u 1u = 1,660 565 5
m{ss anit x 1027 kg
9-6.a | coulomb c
9-7.a | joule second J.s
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. 9. Atomic i i
Quantities tomic and nuclear physics (continued)
9-8.1...9-16.1
| ‘ . ,
't“e;n Quantity Symbol Definition Remarks
9-8.1 | Bohr radius ag ay = dnegh?/mye2 ap = (0,529 177 06 % 0,000 000 44)
x 10710 m
9-9.1 Rydberg constant R( _ e2 sz (1,097 373177 £ 0,000000083)
o 'L 871:8000”6' Za 137 LR +
20 For hydrogen 'H
Ry = Rel{l + mo/mylo A~
The quantity Réfe s called the
Rydberg energy{Ry). _
9-10.1 | Hartrep energy E, Ey, = €?/4negay = 2R(.hc E, = 4,359-81\x 10-18
(=) >
9-11.1 | magngtic moment of u Expectation value of the component | The.enérgy in a magnetic field with
{8-10.1) | particle or nucleus of the electromagnetic moment in | magnetic flux density B, in the quan-
the direction of the magnetic field in | tum state with maximum magnetic
the quantum state with maximum-J{ quantum number, in vacuo} is equal
magnetic quantum number. to —uB.
9-11.2 | Bohr fnagneton Ug ug = eh/2m, ug = (9,274 078 + 0,000 0B6)
{9-10.2) x 10724 A.m2
9-11.3 | nucledr magneton Un un = ehl2my, = (mg/ns\tig uy = (6,050 824 + 0,000 (20)
{9-10.3) x 1027 A.m2
9-12.1 | gyromagnetic y y = ulJh
1 9-11.1) | coeffigient, where J is the-angular momentum | The gyromagnetic coefficignt of the
(gyromagnetic quantum mumber, proton is indicated by y,.
ratio) ¥p = (2,675 198 7 + 0,000(007 5)
x 108 A.m2/J.s.
9-13.1 | g-factpr of atom or g Ug- e These quantities are dimengionless.
(9-12.1) | electrgn ' Y="857 =8 2m, They are also called g-valugs.
9-13.2 | g-factpr of g BN e
{9-12.2) | nucleys or y=8g— =28 2m,
nuclegr particle
9-14.1 | Larmdr angular fre- wy € g VL= w /27
(9-13.1) | quendy, Larmor circu- =3 Mg is called the Larmor frequepcy.
lar frefluency
9-14.2 | nuclegr precession wy wy = VB
(9-13.2) | angulgr frequency, where B is the magnetic flux density.
nuclegr precession cir-
cular frequency
9-16.1 cyclot'ron angular fre- We _ 4 B Vo = W/ZR
{9-14.1) | quency, cyclotron cir- We = m is called the cyclotron frequency.
cular frequency q. .
where p is the charge to mass ratio
of the particle and B is the magnetic
flux density.
9-16.1 | nuclear quadrupole Q Expectation value of the quantity The electric nuclear quadropole
{9-15.1) | moment (1/e) s (322 — R)g(x,y,7) dxdydz | momentis eQ.
in the quantum state with the
nuclear spin in the field {(z) direc-
tion; elx,y,z) is the nuclear charge
density, e is the elementary charge.
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Units
98a...916.a
It International
em N £ uni bol . .
No. ame of unit symbo Definition Conversion factors Remarks
for unit
9-8.a | metre m
385 | angaom A 1A=1010m | 1A=100m  |10A=1em
{exactly)
9-9.a | reciprocal m-1
metre—metre
tq the power
nfinus one
9-10.a | jdule J
9-11.a | ampere A.m2
square metre
9-12.a | ampere A.m2/{J.s) 1 Am2/(J.s)|= 1 C/kg
square metre = 1Ttg!
per joule
s¢cond
9-14.a | rgciprocal s See the intrdduction.
second,
s¢cond to the
ppwer minus
ope
9-14.b | rgdian per rad/s
se¢cond
9-15.a récrpTUt:ai 51 See-the-introduction.
second,
second to the
power minus
one | b
9-16.b | radian per rad/s
second
9-16.a | square metre m2
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9. 'Atomic and nuclear physics (continued)

Quantities
9-17.1...929.2
I't“e:1 Quantity Symbol Definition Remarks
9-17.1 | nuclear radius R The average radius of the volume in | This quantity is not exactly defined.
(9-16.1) which the nuclear matteris included. | It is approximately given by
R = ,.OA1/3
where rg = 1,2 x 1015 m,

9-18.1 | orbital[angular l, L This quantity is dimensionldss.
(9-17.1) | momemtum quantum Usually /; refers to a particle i; L is
numbdr used for the whole system.

9-19.1 | spin aigular momen- Si S This quantity is dimensionlgss.
(9-18.1) | tum q@iantum number Usually s; refers to a particle i; S is
used for the ‘whole system.
9-20.1 | total a'[lgular momen- Ju J This guantity is dimensioniess.
(9-19.1) | tum gliantum number Usually j; refers to a partide i; J is
used for the whole system.
9-21.1 | nucleaf spin quantum I This gquantity is dimensionlgss.
(9-20.1) | numbgr In nuclear and particle physics J is
often used.
9-22.1 | hyperfine structure F This guantity is dimensionléss.
(9-21.1) quantLIm number
9-23.1 | princigal quantum n This quantity is dimensionigss.
{9-22.1) | numbsgr :
9-24.1 magneJtic quantum m, M This quantity is dimensionlgss.
(9-23.1) | numbsgr Usually m; refers to a particle i; M is
used for the whole system.
Subscripts L, S, J, etc. as appro-
priate may be added to indjcate the
angular momentum involvefl.
9-25.1 | fine-stfucture constant | « a = e2/4neyhc This quantity is dimensionléss.
(9-24.1) a = (0,007 297 350 6
+ 0,000 000 006 0)
1/a = 137,036 04 + 0,000|11
9-26.1 | electrgn radius. re re = €2/4nggmyc? ro = (2,817 9380 + 0,000 P07 0)
(9-25.1) x 10715 m.
9-27.1 | Compton-wavelength Ae Ac = 2nh/me = h/imc For the proton, Ac , = (1,321 4099
(9-26.1) where m is the rest mass of the par- + 0,0000022) x 10°®m.
ticle. For the neutron, Ac , = (1,3195909
+ 0,000 002 2) x 10-15 m.
9-28.1 | mass excess A4 4 =my; — Am If the binding energy of the atomic
(9-27.1) electrons is neglected, Bc? is equal
9.28.2 | mass defect B B = Zm(H) + Nm, — m, to the binding energy of the nucleus.
(9-27.2)
9-29.1 | relative mass excess A, 4, = Alm, These quantities are dimensionless.
{9-28.1)
9-29.2 | relative mass defect B, B, = B/m,
{9-28.2)
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9. Atomic and nuclear physics (continued)
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Units
9-17.a...928b
Item International
No Name of unit symbol Definition Conversion factors Remarks
' for unit
9-17.a | metre m The quantity 9-17.1 is
usually expressed in fem-
tometres.
1fm = 10-15m
9-26.a | metre m
9-27.a | metre m
9-28.a | kilogram kg
P i ; 1u = 1,660 5655 The quantities 9-28 are
-28. d) at u . h .
5-28.b ::;:)Zeur)’ita omie x 10727 kg usually expressed in {(uni-
fied) atomic mass units.
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9. 'Atomic and nuclear physics (concluded)

Quantities
9-30.1...9-40.1
item . .
No. Quantity Symbol Definition Remarks
(32211) packing fraction f f=4,/A4 These quantities are dimensionless.
9-30.2 | binding fraction b = B,/A
(9-29.2)
9-31.1 | mean life T For exponential decay, the average
{(9-30.1) time required to reduce the number
N of atoms or nuclei in a specified
state to N/e.
9-32.1 | level width r h
(9-31.1) =7
9-33.1 | activity A The average number of spontaneous | 4 = ~.dN/dr
(9-32.1) nuclear transitions from a particular | For exponential decay, A 5 AN.
energy state occurring in an amount | Here. A is the decay constant, see
of a radionuciide in a small time J 9-35.1.
interval divided by that interval.
9-34.1 | specifi¢ activity in a a The activity divided by the total
(9-33.1) | samplg mass of the sample.
9-35.1 | decay fonstant, A The decay constantiis the probability | For exponential decay,
(9-34.1) | disintegration constant of decay in a small time interval, di- | dN/dt = — AN
vided by that_interval. where N is the number of [radioac-
tive atoms at time ¢, and A|= 1/7.
9-36.1 | half-life T2 For exponential decay, the average | Ty = (In2)/4
(9-35.1) time_required for the decay of one =1in2
half of the atoms of a sample of a
radioactive nuclide.
9-37.1 | alpha dlisintegration Q. The sum of the kinetic energy of the | The ground state alpha diintegra-
(9-36.1) | energyf a particle produced in the disintegra- | tion energy, Q, g, includes[also the
tion process and the recoil energy of | energy of possible gamma rhdiation.
the product atom in the reference
frame in which the emitting nucleus
is at rest before its disintegration.
9-38.1 | maximum beta particlé. | Ep The maximum energy of the energy
(9-37.1) | energy spectrum in a beta disintegration
process.
9-39.1 | beta d|sinfegration o The sum of the maximum beta par- | For emitters of positive ejectrons,
(9-38.1) | energy ticle eﬂ'e‘l'gV'EB_aﬂd'fthUﬂ'ETTE'lgy the—energy-for-theproduction of an
of the produced atom in the refe- | electron pair has to be added to the
rence frame in which the emitting | sum mentioned in the definition.
nucleus is at rest before its disinte- | The ground state beta-
gration. disintegration energy, Qgo in-
cludes also the energy of possible
gamma radiation.
9-40.1 | internal conversion a The ratio of the number of internal | This quantity is dimensionless.
(9-39.1) | factor conversion electrons to the number | The quantity /(o + 1} is also used
of gamma quanta emitted by the | and may be called internal conver-
atom in a given transition. sion fraction.
Partial conversion factors referring
to various electron shelis K, L, ... are
indicated as ay, o, ...
ag/ay_ is called the K to L internal
conversion ratio.

10
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