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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 
International 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/IX (originally Draft No. 838) was drawn up by 
Technical Committee ISO/TC 12, Quantities, units, symbols, conversion factors and 
conversion tables. 

It was approved in November 1968 by the Member Bodies of the following 
countries : 

Australia 
Austria 
Belgium 
Brazil 
Bulgaria 
Czechoslovakia 
Denmark 
Egypt, Arab Rep. of 
Finland 
France 
Germany 
Greece 

Hungary 
India 
Iraq 
I reland 
Israel 
Italy 
Japan 
Korea, Dem. P. Rep. of 
Netherlands 
New Zealand 
Norway 
Poland 

No Member Body expressed disapproval of the document. 

O International Organization for Standardization, 1973 O 

Printed in Switzerland 

Romania 
South Africa, Rep. of 
Spain 
Sweden 
Switzerland 
Thailand 
Turkey 
United Kingdom 
U.S.A. 
U.S.S.R. 
Yugoslavia 
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INTERNATIONAL STANDARD IS0  31/1X-1973 (E) 

Quantities and units of atomic and nuclear physics 

INTRODUCTION 

General remarks 

This document, containing a table of quantities and units of 
atomic and nuclear physics, i s  the ninth part of a more 
comprehensive publication dealing with quantities and units 
in various fields of science and technology. The parts of this 
publication are : 

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

Part I (2nd edition) : Basic quantities and units of the SI 
and quantities and units of space and time. 2, 

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

Part I I I : Quantities and units of mechanics. 

Part IV : Quantities and units of heat. 

Part V : Quantities and units of electricity and 
magnetism. 

Part V I  : Quantities and units of light and related 
electromagnetic radiations. 

Part VI I : Quantities and units of acoustics. 

Part Vll l  : Quantities and units of physical chemistry 
and molecular physics. 

Part I X  : Quantities and units of atomic and nuclear 
physics. 

Part X : Quantities and units of nuclear reactions and 
ionizing radiations. 

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

General information regarding the arrangement of the 
tables and the symbols and abbreviations used i s  to be 
found in the introduction to Part I ,  where the full 
definitions of base units are given as an appendix. 

The statements in the definition column for quantities are 
given merely for identification; they are not intended to be 
complete definitions. 

Special remarks 

For reasons of brevity, only (rationalized) equations 
founded on four base quantities to be used in connection 
with a unit system founded on four base units have been 
included in the tables. 

As the units of the CGS system are widely used in the field 
of atomic and nuclear physics, the CGS units for some of 
the "mechanical" quantities are given in addition to those 
of the International System of Units. 

For some of the "electrical" quantities, equations founded 
on three base quantities, in particular equations of the 
(non-rationalized) symmetric system, are given in 
Appendix I, together with the numerical values of certain 
atomic constants expressed in the units of the symmetric 
CGS system. 

For further details, see the introduction to Part V. 

The names and symbols for the chemical elements are given 
in Appendix 1 1 1 .  

The names and symbols for the nuclides of the radioactive 
series are given in Appendix IV.  

1) At present at the stage of draft (No. 2180). 
2) The title of the first edition of this document was : "Fundamental quantities and units of the MKSA system and quantities and units of 
space and time". 

1 1 
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9-5.1 

9-5.2 

9-5.3 

- 
9-6.1 

- 
9-7.1 

- 
9-8.1 

L 

9. Atomic and nuclear physics Quantities 
9-1 .I.. -9-8.1 

O 

O 

Quantity Symbol Definition 1) Remarks 2) 

proton number, 
itomic number 

Z Number of protons in a nucleus, 
number of electrons in a neutral atom. 

This quantity is dimensionless. 
A nuclide i s  aspecies of neutral atoms 
with specified number of protons and 
neutrons. 
Nuclides wi th  the same value of Z are 
called isotopes. 
See also Appendix II. 

ieutron number N Number of ne.utrons in a nucleus. This quantity is dimensionless. 
Nuclides wi th  the same value of N are 
called isotones. 
N - Z  is  called the neutron excess 
number. 

iucleon number, 
mass number 

A Number of nucleons in a nucleus. This quantity i s  dimensionless. 
A = Z + N  
Nuclides with the same value of A are 
called isobars. 
See also Appendix II. 

nass of atom (of a nucli- 
Je X), nuclidic mass 

Rest mass of an atom. For hydrogen 'H : 
n(lH)= (1.67343 $0.000 08) x10-17k 

= (1.673 43 0.000 08) x 10-24g 
=(1.00782522f 0.00000024) I 

mu = (1.66044 f 0.00008) x kg 
= (1.66044~0.00008) x g 
= l u  

[unified) atomic 
mass constant 

' I t a  of the rest mass of an atom of 
nuclide '?C. 

mu 

ma - is called relative nuclidic mass. 
mu 

For a particle with rest mass m the 
quantity mcz i s  called i t s  rest energy. 
me= (9.1091 I 0.0004) x kg 

= (9.1 091 
= (5.485 97 & 0.000 09) x 1 O-4 U 

0.0004) x 1 O-28 g 
:rest) mass of electron 

:rest) mass of proton 

:rest) mass of neutron 

mD= (1.672 52 f 0.000 08) x 1 O-27 kg 
= (1.672 52 f 0.000 08) x g 
= (1,007 276 63 & 0,000 O00 24) U 

mRn= (1.674 82 & 0.000 CE) x 
= (1.674 82 f 0.000 C8) x 

kg 
g 

= (1 .O08 665 4&0.000 001 3) U 

The magnitude of the electric charge 
of an electron i s  equal t o  e. 
e = (1.602 10 .& 0.000 07) x 1 O-'v C 
See also Appendix I. 

elementary charge e The electric charge of a proton. 

Planck constant h The elementary quantum of action. / I  = (6.6256 & 0.0005) x 1 O-34 J . s 
= (6.6256 3- 0.0005) Y erg. s 

A = h/2E 

a,,- (5.291 674 0.00007) x I O - "  m 
cm = (5.291 67 f 0.000 07) x 

= (5.291 6 7 1  O . O O O ~ ~ )  IO-' a 
See also Appendix I. 

Bohr radius a. 

2 
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9. Atomic and nuclear physics Units 

a 

C 

- 
tern 
No. 

- 

- 

- 

- 
L4.a 

b4.b 

b4.c 
......... 

- 

M.a 

9-5. b 

......... 
9-5.c 

- 
9-6.1 

9-7.a 

9-7.b 

9-8. a 
9-8.b 
9-8. c 

7 

Name of unit 
and in certain 

:ases abbreviation 
for this name 

kilogramme 

gramme 

(unified) atomic 
mass unit 

kilogramme 

gramme 

.............................. 
(unified) atomic 
mass unit 

coulomb 

joule second 

erg second 

metre 
centimetre 
Bngstrijm 

J 

iternational 
symbol 
for unit 

Definition 

................................................ 
1 (unified) atomic mass unit 
i s  equal t o  'Ira of the mass 
of an atom of nuclide '*C. 

J*S 

ergas I 
m 
cm 
A I A 1 1 ~ 1 0  m 

9-4.a. . .9-8.c 

Remarks onversion factors 

......................................................................................................... 
I U = 1.66044 x kg = 1.66044 x IVu g 

.................................................................................................. 

1 erg. s = IO-' J * s (exactly) 
~ 

I A pI 1040 m (exactly) 
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Quantities 
9-9.1. . .9-I 5.1 

Quantity 

3-10.1 magnetic moment of 
particle o r  nucleus 

940.2 

M0.3 

Bohr magneton 

nuclear magneton 

9-11 .l gyromagnetic ratio, I gyromagnetic coefficient 

b12.1 

b12.2 

3-13.1 

3-13.2 

g-factor of atom or  
electron 

g-factor of nucleus 

Larmor angular frequency 

nuclear angular 
precession frequency 

9-14.1 

7 9-15.1 nuclear quadrupole 

cyclotron angular 
frequency 

1) See footnote 1 on page 2. 
2) See footnote 2 on page 2. 

4 

9. Atomic and nuclear physics (continued) 

Symbol 

Fc 

Y 

Q 

I 

Definition 1) 

e2 H,= ~ 

8x: a. hc 

I l 

The maximum exbectation value of the 
component of t h  electromagnetic mo- 
ment In the direct& of the magneticfield. 

wB = eli/2mp 
, 

I 
where I is the article spin quantum 
number. li v =  PlIh 

netic field. 

where B is the mdgnetic flux density. 

arge t o  mass ratio of 

the particle and 
density. I 

is the magnetic flux 

~ 

- 
Remarks 2) 

H, := (1 .O97 373 1 &O.OOOOOO 3) 

= (1 .O97 373 1 &O.OOOOOO 3) 
x 107 m-I 

x IO5 cm-I 
R,* c = (3.289842&0.000003) 

R,*h * c = (2.17972~0.00017) x 1 O-'', 
= (2.17972&0.000 17) 

x 10'5 S-1 

x IO-l'erg 

This quantity is also called the rydberg 

For hydrogen l H : 
RH = R, / ( l+  melmp> 
See also Appendix I. 

The maximum energy in a magnetic 
field with magnetic flux density I? in 
vacuo is p .  B 

,UB= (9.2732&0.0006)~10-~ A *  m2 
See also Appendix I. 

= (13.6054&0.000 1) eV 

(RY). 

p~=(5.0505&0.0004) x lO-*'A-m* 
See also Appendix I .  

The gyromagnetic ratio of the proton 
is indicated by y p  

yp=(2.67519+0.00002) x 10eA*m*/(J.s 

~~~ 

These quantities are dimensionless. 

Also called g-value. 
See also Appendix I. 

See also Appendix I .  
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- 
em 
Io. 

- 
9. a 

9.b 

- 
-1 o. 

- 
1-1 1 

- 

- 
)-I 3 

- 
9-14 

- 
9-1 

9-1 

Name of unit 
and in certain 
ses abbreviation 
for this name 

?ciprocal metre 

xi procal 
antimetre 

mpere square 
metre 

~ 

impere square 
netre per joule 
iecond 

reciprocal second 

reciprocal seconc 

square metre 

square centimetl 

eernational 
symbol 

f o r  unit 

-< 

n-' 

9. Atomic and nuclear physics (continued) Units 
9-9.a.. .9-15.b 

Definition 

;--t 

~ 

Conversion factors Remarks 
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Quantities 
9-16.1.. .9-29.2 

9. Atomic and nuclear physics (continued) 

Item 
No. Quantity 

9-16.1 nuclear radius 

9-17.1 orbital angular momentum 
quantum number 

9-18.1 spin angular momentum 
quantum number 

949.1 total angular momentum 
quantum number 

9-20.1 nuclear spln quantum 
number 

9-21 .I hyperfine structure 
quantum number 

9-22.1 principal quantum number 

9-23.1 magnetic quantum 
number 

9-24.1 fine-structure constant 

9-25.1 electron radius 

9-26.1 Compton wave-length 

9-27.1 mass excess 

9-27.2 mass defect 

9-28.1 relative mass excess 

938.2 relative mass defect 

9-29.1 packing fraction 

9-29.2 binding fraction 

) See footnote 1 on page 2. 
2) See footnote 2 on page 2. 

6 
I 

Symbol 

R 

lit L 

si, s 

j r ,  J 

I 

F 

n 

mi, M 

O! 

AC 

A 

B 

Ar 

Br 

f 
b 

Definition 1) Remarks 2) 

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

This quantity is not exactly defined. 
It is approximately given by 
R = ro A* 
where rom I .2x IO-" m 

This quantity is dimensionless. 
Usually Ir refers t o  a particle i; 
L i s  used for the whole system. 

This quantity is dimensionless. 
Usually $( refers t o  a particle i; 
S is  used for the whole system. 

This quantity is dimensionless. 
Usualiyji refers t o  a particle i; 
J is used for the whole system. 

This quantity is dimensionless. 
in nuclear spectroscopy J is  often 
used. 

This quantity is dimensionless. 

1 This quantity is dimensionless. 

This quantity is dimensionless. 
Usually mg refers t o  a particle i; 
M is used for the whole system. 

This quantity is dimensionless. 

O! = 1 /(I 37.0388 f 0.0019) 

See also Appendix 1. 
= (7.297 20 f 0.000 I O )  x IO-' 

r e  = (2.81777 5 0,000 11) x 

See also Appendix 1. 

m 
= (2.81777 f 0.000 11) x IO-" cm 

AC = 2xh/mc = h/mc 
where rn is the rest mass of the particle. 

i 

A =ms-Arnu 

B = Zm ('H) + Nmn -rnr 

If the binding energy of the atomic 
electrons is neglected, Bc* is  equal 
t o  the binding energy of the nucleus. 

Ar = A/mu 

Br - Blrn, 

These quantities are dimensionless. 

f = ArlA These quantities are dimensionless. 

bSBrIA 
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Item 
No. 

Name of unit 
and in certain 

cases abbreviation 
for this name 

9-16.a metre 
9-16.b centimetre 

I- 

+ 
9-25.a metre 
9-25.b centimetre 

9-26. a 

9-26.t 

metre 
centimetre 

9-27.a 

9-27. b . ......... 
9-27.c 

kilogramme 
gramme 

(unified) atomic 
mass unit 

................ I..... ......... 

9. Atomic and nuclear physics (continued) 

nternational 
symbol 

for unit 
Definition Conversion factors 

m 

cm 

I m 

cm I 
kg 

1 g ........... I........., ,....... I...... ............. ........a.. 
U I 

...... " ...... * .......... S..... ..................... . 
1 U = 1.66044 x kg 

= 1.66044 x g 

Units 
9-1 6.a. . .9-27.c 

Remarks 

The quantity 9-16.1 i s  usually 
expressed in  femtometre. 
1 fm = 1O+m 

...............*............... I .......... .... ..... . 
The quantities 9-27 are usuali) 
expressed in (unified) atomic 
mass units. 

I I 

7 
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9. Atomic and nuclear physics (end) Quantities 
9-30.1.. -9-39.1 - 

Item 
No. 

- 
9-30.’ 

- 
9-31 .( 

- 
9-32.’ 

Quantity Symbol Definition 1) Remarks 

r mean life :or exponential decay, the average time 
-equired t o  reduce the numberNofatoms 
)r nuclei in a specified state t o  N/e. 

f i  re- 
r 

level width 

~~ ~ 

Valuesgiven for activities are not al- 
ways unambiguous unless the radio- 
nuclide o r  the radioactive source and 
the type of transformation o r  transi- 
t ion are specified. 
For exDonential decay of a nuclide. 

activity The number of nuclear transformations o r  
:ransitions occurring in a certain amount 
,f a radionuclide o r  in a radioactive 
iource in a small time interval divided 
,y that interval. 

4 

A = dNldt  = IN’  
See 9-34.1 

9-33.’ specific activity of a sample The activity of a radioactive nuclide 
,resent in  a sample divided by the total 
nass of the sample. 

9-34., decay constant, 
disintegration constant 

a For exponential decay, 

where N i s  the number of radioactive 
itoms at time t .  
j N / d t  = - I N  

1 
A = 

9-35. 

- 
9-36. 

- 
9-37. 

half-life For exponential decay, the average time 
required for the decay of one half of the 
itoms of a sample of a radioactive nuclide. 

T, = (in2)/l 
I S  

= r I n 2  

alpha-disintegration 
energy 

Q.7 Thesum of the kineticenergyoftheapar- 
:ide produced in the disintegration pro- 
:ess and the recoil energy of the product 
atom in  the reference frame in which the 
emitting nucleus is at rest before its dis- 
integration. 

The “ground state alpha-disintegra. 
t ion energy”. Qor,o, includes also thc 
energy of possible gamma radiation. 

beta maximum energy The maximum energy of the energy 
spectrum in a beta-disintegration 
process. 

9-38. 

- 
9-39. 

- 

beta-disintegration 
energy QP The sum of the beta maximum energy Ep 

and the recoil energy of the produced 
atom in the reference frame in which the 
emitting nucleus is at rest before i t s  dis- 
integration. 

For positon emitters the energy fol 
the production of an electron pail 
has t o  be added t o  the sum mentionec 
in  the definition. 
The “ground state beta-disintegra 
t ion energy”, Q B , ~ ,  includes also thi 
energy of possible gamma radiation. 

This quantity is dimensionless. 
The quantity (y./((y. + 1) is also uset 
and may be called internal conversiol 
fraction. 
Partial conversion coefficients refer 
ring to various electron shells K, 1 ... are indicated as OLK, OLL, .... 
a K / a ~  is  called the K t o  L interna 
conversion ratio. 

~~ 

The ratio of the number of internal con- 
version electrons t o  the number of 
gamma quanta emitted by the atom in the 
de-excitation of a nucleus. 

internal conversion 
coefficient, 
internal conversion factor 

(y. 

1) See footnote 1 on page 2. 

8 
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9. Atomic and nuclear physics (end) 
Units 
9-30.a.. .9-38.c 

I 

Conversion factors Remarks 

1 erg = IO-' J (exactly) ........................................................................................................... 
1 eV = 1.602 $0 X IO- ' *  J 

Item 

9-30. i a 

~ 

~ 

Name of unit 
and in  certain 

cases abbreviatior 
for this name 

International 
symbol 
for unit 

Definition 

second S 

.............................................. 
eV 

I S-' 

m....... .............. 
C i  

......................................... 
)-32.b curie 1 Ci = 3.7 x 10qOs-' 1 Ci = 3.7 x IO'Os-' (exactly) 

C sr' . kg -' 

5-9 . g -1 

1-33.a reciprocal 
second reciprocal 
kilogramme 

1-33.b reciprocal 
second reciprocal 
gramme 

1-33.c curie per gramme 
....................................... 

1-34. a reciprocal second s- ' 

S 1-35.a second 

J 1-36.a joule 

1-36.b erg erg 
eV 
...................... ............................................................................................................ 

1 eV - 1.60210 x 10-'9J The quantity 9-36.1 is usually 
exDressed in electronvolts. 

1-36.c electronvolt I 
1-37.a joule 

1-37.b erg ........................................................................................................... 
1 eV == 1.60210 x 10-'9J The quantity 9-37.1 is usually 

expressed in electronvolts. 
1-37.c eleetronvolt eV 

1-38.a joule 

1-38.b erg ........................................ 
eV 1 eV = 1.60210 x I o q 9  J The quantity 9-38.1 is usually 

expressed in electronvolts. 
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- 
Item 
No. 

- 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 - 

Appendix I 
Examples of relat ions in dif ferent systems of equations 

Subject 

Bohr radius 

Rydberg constant 

Bohr magneton 

nuclear magneton 

relatlon between gyromagnetic ratio and g-factor of nucleus 

Larmor angular frequency 

cyclotron angular frequency (of electron) 

fine-structure constant 

electron radius 

Compton wavelength 

Rationalized system of 
equations with four basic 

quantities 

a. = 4~sOPlme ea 

R, = me e ' l ( 4 ~ ) ~  soa hac 

PB = eh/2me 

PN = eh/2mp 

y = g p ~ l h  = g ePmp 

WL = (el2me) B 

W O  = (elme) B 
01 = ea/4xso hc 

re = ea/4xcome ca 

AC = h/mc = 2xh/mc 

Non-rationalized symmetric 
system of equations wi th  

three basic quantities 

1) Quantities occurring in the second column of equations which differ from the corresponding quantity in the f i r s t  column of equations are 
provided with a suffix s (symmetric). The values of some of the quantities expressed in units of the "symmetric" CGS system (see Intro- 
duction t o  ISO/R31/Part V) are as follows: 
es - (4.802 98 & 0.000 20) x 10-:0 electrostatic CGS unit of charge 
p~~ - (9.2732 & 0.0006) x10-21 erg per gauss 
 UN^ - (5.0505 & 0.0004) x I O 2 '  erg per gauss 
yPr - (2.675 19 & 0.000 02) x I O 4  reciprocal second reciprocal gauss, where ypa is the gyromagnetic ratio ys  of the proton. 

Appendix II 
Symbols for Chemlcal Elements and Nuclides 

Symbols for chemical elements should be written in roman (upright) 
type. The symbol is not followed by a full stop. 

Examples: H Hl3 Ca C 

The attached numerals specifying a nuclide or molecule should have 
the following meaning : 

nucleon number 14 
'2 atoms per molecule 

The proton number (atomic number) may be indicated in the left 
subscript position. 

'The right superscript position should be reserved to indicate if necessary 
a state of ionization or an excited state. 

Examples : 
State of ionization: Na', PO:- 

Electronic excited state: He*, NO* 

Nuclear excited state : lloAg* or 11OAg" 

10 
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