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Foreword 
IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards institutes (IS0 member bodies). The work of developing Inter- 
national Standards is carried out through IS0  technical committees. Every member 
body interested in a subject for which a technical committee has been set up 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0  Council. 

International Standard IS0 31 /9 was developed by Technical Committee ISO/TC 12, 
Quantities, units, symbols, conversion factors and conversion tables, and was cir- 
culated to the member bodies in July 1979. 

It has been approved by the member bodies of the following countries : 

Australia 
Austria 
Belgium 
Brazil 
Bulgaria 
Canada 
Cuba 
Czechoslovakia 
Denmark 
Egypt, Arab Rep. 
Finland 

France 
Germany, F.R. 
India 
Israel 
Italy 
Japan 
Mexico 
Netherlands 
New Zealand 

Poland 
of Norway 

Portugal 
Romania 
South Africa, Rep. of 
Spain 
Sweden 
Switzerland 
United Kingdom 
USA 
USSR 

No member body expressed disapproval of the document. 

This second edition cancels and replaces the first edition (i.e. IS0  31/9-1973). 

O International Organization for Standardization, 1980 0 

Printed in Switzerland 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 31

-9:
19

80

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


INTERNATIONAL STANDARD IS0 31/9-1980 (E) 

Quantities and units of atomic and nuclear physics 

Introduction 

This document, containing a table of quantities and units of 
atomic and nuclear physics, is part 9 of IS0 31, which deals 
with quantities and units in the various fields of science and 
technology. The complete list of parts of IS0 31 is as follows : 

Part O : General principles concerning quantities, units and 
symbols. 

O 

Part 1 : Quantities and units of space and time. 

Part 2 : Quantities and units of periodic and related 
phenomena. 

Part 3 : Quantities and units of mechanics. 

Part 4 : Quantities and units of heat. 

Part 5 : Quantities and units of electricity and magnetism. 

Part 6 : Quantities and units of light and related elec- 
tromagnetic radiations. 

Part 7 : Quantities and units of acoustics. 
O 

Part 8 : Quantities and units of physical chemistry and 
molecular physics. 

Part 9 : Quantities and units of atomic and nuclear physics. 

Part 10 : Quantities and units of nuclear reactions and ioniz- 
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. 

Arrangement of the tables 

The tables of quantities and units in IS0 31 are arranged so that 
the quantities are presented on left-hand pages and the units 
on corresponding right-hand pages. 

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

Where the numbering of the items has been changed in the 
revision of a part of IS0  31, the number in the preceding edi- 
tion is shown in parentheses 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. 

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 definitions are given merely for identifica- 
tion; they are not intended to 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 symbol for the quantity is given('); 
where two or more symbols are given for one quantity and no 
special distinction is made, they are on an equal footing. When 
a preferred symbol and a reserve symbol are given, the reserve 
symbol is in parentheses. 

Tables of units 

Units for the corresponding quantities are given together with 
the international symbols and the definitions. For further infor- 
mation, see also IS0  31 /O. 

(1) 
equally acceptable. 

When two types of sloping letters exist (for example as with 8; 19; q; @; g; g) only one of these is given. This does not mean that the other is not 

1 
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IS0 31/9-1980 (E) 

The units are arranged in the following way : 

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

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

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

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

4) Non-SI units which should not be used together with SI 
units are given in annexes in some parts of IS0 31. These 
annexes are not integral parts of the standards. They are 
arranged in three groups : 

1) 

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

Units of the CGS system with special names 

2 )  
some other units 

Units based on the foot, pound and second and 

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 IS0 31. 

Number of digits in numerical statementsQ1 

All numbers in the column "Definition" are exact. 

In the column "Conversion factors", the conversion factors on 
which the calculation of others is based are normally 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. Generally, this means that in such 
cases the last digit only is in doubt. When, however, 
experiment justifies more than seven digits, the factor is usually 
rounded off to seven significant digits. 

The other conversion factors are given to not more than six 
significant digits; when they are exactly known and contain six 
or fewer digits, and where it is not obvious from the context, 
the word "exactly" is added. 

Numbers in the column "Remarks" are given to a precision ap- 
propriate to the particular case. 

3) Other units 
Special remarks 

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

Remark on supplementary units 

The General Conference of Weights and Measures has 
classified the SI units radian and steradian as "supplementary 
units", deliberately leaving open the question of whether they 
are base units or derived units, and consequently the question 
of whether plane angle and solid angle are to be considered as 
base quantities or derived quantities.(l) 

In IS0 31, plane angle and solid angle are treated as derived 
quantities (see also IS0 31/01. In IS0 31, they are defined as 
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 fundamental physical constants given in this document 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 the 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 IS0  3115. 

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

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 in 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. 

2 

O 

O 
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9. Atomic and nuclear physics Quantities 
9-1.1 . . . 9-7.1 I - 

Item 
No. 

9-1.1 
- 

9-2.1 

Quantity Symbol Definition Remarks 

proton number, 
stomic number 

Z Number of protons in an atomic 
nucleus. 

This quantity is dimensionless. 
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 in the periodic 
table is equal to the proton number. 
See also annex B. 

This quantity is dimensionless. 
Nuclides with the same value of N 
are called isotones. 
N - 2 is çalled the neutron excess 
number. ,' 

neutron number Number of neutrons in an atomic 
nucleus. I 

4 

O 

O 

9-3.1 nucleon number, 
mass number 

4 This quantity is dimensionless. 
A = Z + N  
Nuclides with the same value of A 
are called isobars. 
See also annex B. 

Number of nucleons in an atomic 
nucleus. 

9-4.1 

9-4.2 

mass of atom (of a 
nuclide XI, 
iuclidic mass 

Rest mass of a neutral atom in the 
ground state. 

For hydrogen 'H 
m('H)  = (1,6735594 f 0,0000086) 

x 10-27 kg 
= (1.007 825 036 
f 0,000oO0011) U 

mu = (1,660 565 5 f 0,000 008 6) 
x 10-27 kg 

= l u  
ma . 
mu 
- IS called relative nuclidic mass. 

[unified) atomic 
mass constant 

1/12 of the rest mass of a neutral 
atom of the nuclide l2C in the 
ground state. 

For a particle with rest mass m the 
quantity m P  is called its rest energy. 
me = (0,9109534 f 0,0000047) 

= (5,485 802 6 f 0,000 002 1) 

mp = (1,6726485 f 0,00000861 
x 10-27 kg 

= (1,007 276 470 
f 0,000000011) U 

x 10-27 kg 

f 0,000 O00 037) U 

x 10-30 kg 

x 10-4 U 

mn = (1,674 954 3 f 0,000 008 6) 

= (1,008665012 

(rest) mass of 
electron 

(rest) mass of 
proton 

(rest) mass of 
neutron 

9-5.1 

9-5.2 

9-5.3 

The electric charge of a proton. 9-6.1 elementary charge e The electric charge of an electron is 
equal to (- e ) .  
e = (1,602 189 2 f O,oO0 004 6) 

x 10-19 c 
h = (6,626 176 f 0,oOO 036) 

R = h l 2 ~  
x 10-34 J.s 

= (1.054 588 7 f 0,000 005 7) 
x 10-3 J.s 

~~ 

The elementary quantum of action. 9-7.1 

- 

Planck constant h 
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O 

O 

Item 
No. - 

9-4.a 

--- 
9-4.b 

9.5.a 

_ - -  
9-5.b 

- 
9-6.a 

9-7.a 

Name of unit 

kilogram 

- - - - - - - - - 
(unified) atomic 
mass unit 

kilogram 

(unified) atomic 
mass unit 

coulomb 

joule second 

9. Atomic and nuclear physics 

nternational 
symbol 
for unit 

Definition 

------------ 
I (unified) atomic mass 
unit is equal to 1/12 of 
the rest mass of a neu- 
tral atom of the nuclide 
12C in the ground 
state. 

IS0 31/9-1980 (E) 

Units 
9-4.a . . . 9-7.a 

Conversion factors Remarks 

------------- 
I U = 1,6605655 

x 10-27 kg 

5 
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IS0 31/9-1980 (E) 

9. Atomic and nuclear physics (continued) 
Quantities 
9-8.1 . . . 9-16.1 

Item 
No. 

9-8.1 

9-9.1 

Quantity Remarks Symbol Defihition 

uo = 4neOh2/mee2 3ohr radius 90 = (0,529 I77 O6 f 0,000 O00 44) 
x 10-10 m 

a0 

R 
(00 

Eh 

e2 R -  I -  8neoaohc 
oy) 

R - (1,097373177 f 0,000OOO083) 
x 107m-1 

For hvdroaen 'H 

3ydberg constant 

3-10.1 
( - 1  

iartree energy Eh = e2/4n&oao = 2R .hc 

Expectation value of the component 
of the electromagnetic moment in 
the direction of the magnetic field in 
the quantum state with maximum 
magnetic quantum number. 
U~ = eR/2me 

nagnetic moment of 
)article or nucleus 

P 

PB 

PN 

The energy in a magnetic field with 
magnetic flux density B, in the quan- 
tum state with maximum magnetic 
quantum number, in vacuo, is equal 
to -puB. 

U B  = (9,274078 k O,ooOO36) 
x 10-24~.m2 

U N  = (5,050 824 f 0,OOO 020) 
x 10-27 A.m2 

3-11.1 
9-10.1) 

9-1 1.2 
9-10.2) 
9-1 1.3 
9-10.3) 

9-12.1 
9-1 1.1 ) 

3ohr magneton 

uN = eh?2mp = (me/mp)pB iuclear magneton 

Y y = pIJR 
where J is the angular momentum 
quantum mumber. 

iyromagnetic 
:oeff icient, 
gyromagnetic 
.atio) 

The gyromagnetic coefficient of the 
proton is indicated by yp. 
yp = (2,675 198 7 f 0,OOO 007 5) 

x 108 A.mn1J.s. 

These quantities are dimensionless. 
They are also called g-values. 

3-factor of atom or 
?lectron 

3-factor of 
iucleus or 
iuclear particle 

9-13.1 
9-12.1) 

9-13.2 
9-12.2) 

9-14.1 
9-13.1) 

9-14.2 
9-13.2) 

9-15.1 
19-14.1 ) 

9-16.1 
(9- 15.1 

L1R e 

PN e 
y = g- = g- 

R 2 mP 

VL = WL12K 
is called the Larmor frequency. 

Larmor angular fre- 
quency, Larmor circu- 
ar frequency 

wclear precession 
sngular frequency, 
nuclear precession cir- 
cular frequency 

ON = yB 
where B is the magnetic flux density. 

v, = Wc/2n 
is called the cyclotron frequency. 

cyclotron angular fre- 
quency, cyclotron cir- 
cular frequency 

4 
m 
4 
m 

wC = - B  

where - is the charge to mass ratio 

of the particle and B is the magnetic 
flux density. 

~~ 

Expectation value of the quantity 
( I l e l  (322 - P)@(x,y,z) dxdydz 
in the quantum state with the 
nuclear spin in the field ( z )  direc- 
tion; e(x,y,z)  is the nuclear charge 
density, e is the elementary charge. 

The electric nuclear quadropole 
moment is eQ. 

nuclear quadrupole 
moment 

Q 
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IS0 31/9-1980 (E) 

9. Atomic and nuclear physics (continued) 
Units 

9-8.a . . . 9-16.a 

International 
symbol 
for unit 

Item 
No. 

9-8.a 

9-8.b 

Name of unit Definition Conversion factors Remarks 

1 A = 10-10 m 
(exactly) 

I O A  = I nm 

9-9.a reciprocal 
metre, metre 
to the power 
minus one 

m-1 

9-10.a ioule J 

ampere 
square metre 

A.m2 9-1 1 .a 

9-12.a ampere 
square metre 
per joule 
second 

O 
reciprocal 
second, 
second to the 
power minus 
one 
radian per 
second 

. - - - - - - - - 

s- 1 9-14.a 

9-14.b 

See the introduction. 

See the introduction. 

___________________________l 

9-15.a 

9-15.b 

reciprocal 
second, 
second to the 
power minus 
one 
radian per 
second 

9-16.a square metre m2 

7 
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IS0 31/9-1980 (E) 

9. Atomic and nuclear physics (continued) 
Quantities 
9-17.1 . . . 9-29.2 

I tem 
No. Quantity Definition Remarks Symbol 

R 9-17.1 
9-16.1) 

nuclear radius The average radius of the volume in 
Nhich the nuclear matter is included. 

This quantity is not exactly defined. 
It is approximately given by 
R = roA1l3 
where ro = 1,2 x 10-15 m. 

9-18.1 
9-17.1) 

orbital angular 
momemtum quantum 
number 

This quantity is dimensionless. 
Usually li refers to a particle i; L is 
used for the whole system. 

9-19.1 
9-18.1) 

spin angular momen- 
tum quantum number 

This quantity is dimensionless. 
Usually si refers to a particle i; S is 
used for the whole system. O 

O 

9-20.1 
9-19.1 ) 

ij, J This quantity is dimensionless. 
Usually ji refers to a particle i; J is 
used for the whole system. 

This quantity is dimensionless. 
In nuclear and particle physics J is 
often used. 

total angular momen- 
tum quantum number 

9-21.1 
9-20.1) 

nuclear spin quantum 
number 

I 

This quantity is dimensionless. 9-22.1 
9-21.1) 

hyperfine structure 
quantum number 

F 

9-23.1 
9-22.1 ) 

n This quantity is dimensionless. principal quantum 
number 

magnetic quantum 
number 

9-24.1 
9-23.1) 

This quantity is dimensionless. 
Usually mi refers to a particle i; M is 
used for the whole system. 
Subscripts L,  S, J ,  etc. as appro- 
priate may be added to indicate the 
angular momentum involved. 

This quantity is dimensionless. 
a = (0,007 297 350 6 

f 0,OOO O00 O06 O) 
l l a  = 137,036 O4 & 0,OOO 1 1  

9-25.1 
:9-24.1) 

fine-structure constant a x = e 2 1 4 x ~ ~ h c  

9-26.1 
19-25.1 ) 

electron radius re = (2,817 938 O f 0,000 007 O )  
x 10-15 m. 

For the proton, = (1,321 409 9 

For the neutron, AC,n = (1,3195909 
f 0,OOO 0022) x lO-15m. 

f 0,OOO 002 2) x 10-15 m. 

If the binding energy of the atomic 
electrons is neglected, Bc2 is equal 
to the binding energy of the nucleus. 

.Ic = 2xhImc = hlmc 
where m is the rest mass of the par- 
ticle. 

9-27.1 
19-26.11 

Compton wavelength 

A = ma - Am, 

B = Zm(’H) + Nm, - ma 

mass excess 

mass defect 

A 

B 

9-28.1 
(9-27.1 ) 

9-28.2 
(9-27.2) 

9-29.1 
(9-28.1 ) 

9-29.2 
(9-28.2) 

~~ 

A ,  = Alm, These quantities are dimensionless. relative mass excess 

relative mass defect B, = Blm, 
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IS0 31/9-1=0 (E) 

O 

O 

Item 
No. 

9-17.a 

9-26.a 

9-27.a 

9-28.a 

9-28. b 

Name of unit 

metre 

metre 

metre 

kilogram 

(unified) atomic 
mass unit 

9. Atomic and nuclear physics (continued) 
Units 

9-17.a . . . 9-28.b 

International 
symbol Definition Conversion factors 
for unit 

1 U = 1,6605655 
x 10-27 kg 

U I 

Remarks 

The quantity 9-17.1 is 
usually expressed in fem- 
tometres. 
1 fm = 10-15 m 

- - - - - - - - - - - - - - 
The quantities 9-28 are 
usually expressed in (uni- 
fied) atomic mass units. 

9 
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I S 0  31/9-1980 (E) 

9. Atomic and nuclear physics (concluded) 
Quantities 
9-30.1 . . . 9-40.1 

I tem 
No. Quantity Symbol Definition Remarks 

3-30.1 
9-29.1) 
3-30.2 
9-29.2) 

lacking fraction f 

b 

These quantities are dimensionless. f = A , / A  

linding fraction b = B,/A 

3-31.1 
9-30.1 ) 

nean life t For exponential decay, the average 
time required to reduce the number 
N of atoms or nuclei in a specified 
state to N l e .  

3-32.1 
9-31.1 I 

eve1 width r R r = -  
t 

3-33.1 
9-32.1 ) 

jctivity A The average number of spontaneous 
nuclear transitions from a particular 
energy state occurring in an amount 
of a radionuclide in a small time 
interval divided by that interval. 

A = - dNldt  
For exponential decay, A = A N .  
Here A is the decay constant, see 
9-35.1. 

3-34.1 
9-33.1) 

;pecific activity in a 
;ample 

a The activity divided by the total 
mass of the sample. 

9-35.1 
9-34.1 ) 

jecay constant, 
lisintegration constant 

L The decay constant is the probability 
of decay in a small time interval, di- 
vided by that interval. 

For exponential decay, 

where N is the number of radioac- 
tive atoms at  time I, and A = 11s. 

dNldt  = - A N  

9-36.1 
9-35.1 ) 

ialf-life TlI2  = (In 2111 
= t I n 2  

T1/2 

QCY 

For exponential decay, the average 
time required for the decay of one 
half of the atoms of a sample of a 
radioactive nuclide. 
The sum of the kinetic energy of the 
a particle produced in the disintegra- 
tion process and the recoil energy of 
the product atom in the reference 
frame in which the emitting nucleus 
is at rest before its disintegration. 
The maximum energy of the energy 
spectrum in a beta disintegration 
process. 

The ground state alpha disintegra- 
tion energy, Qa,o, includes also the 
energy of possible gamma radiation. 

9-37.1 
9-36.1) 

3lpha disintegration 
mergy 

O 

maximum beta particle 
mergy 

9-38.1 
9-37.1) 

9-39.1 
:9-3%. 1 I 

beta disintegration 
mergy 

Qb The sum of the maximum beta par- 
ticle energy Eb and the recoil energy 
of the produced atom in the refe- 
rence frame in which the emitting 
nucleus is at rest before its disinte- 
gration. 

For emitters of positive electrons, 
the energy for the production of an 
electron pair has to be added to the 
sum mentioned in the definition. 
The ground state beta- 
disintegration energy, Qb,o, in- 
cludes also the energy of possible 
aamma radiation. 

The ratio of the number of internal 
conversion electrons to the number 
of gamma quanta emitted by the 
atom in a given transition. 

This quantity is dimensionless. 
The quantity al(a + 1) is also used 
and may be called internal conver- 
sion fraction. 
Partial conversion factors referring 
to various electron shells K, L, . .. are 
indicated as aK, aL, . . . 
aK/aL is called the K to L internal 
conversion ratio. 

internal conversion 
factor 

9-40.1 
(9-39.1 I 

a 
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