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INTERNATIONAL STANDARD

I1SO 31/1X-1973 (E)

Quantities and units of atomic and nuclear physics

General renparks

This docunient, containing a table of quantities and units of
atomic and nuclear physics, is the ninth part of a more
comprehengive publication dealing with guantities and units
in various flelds of science and technology. The parts of this
publication|are :

Part O General introduction — General principles
concerning quantities, units and symbols. 1)

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

Part Il :| Quantities and units of periodic andrelated
phenomeéna.

Part |11 1 Quantities and units of mechanics.

Part 1V | Quantities and units of heat:

PartV :| Quantities and uhits of electricity and
magnetism.

Part VI | Quantities and”units of light and related

electromagnetic radiations.

Part VII|: Quantities and units of acoustics.

Part VIl + Quantities and units of physical chemistry
and mollgu[ag physics,

INTRODUCTION

General information~ regarding the arrang
tables and the symbols and abbreviations
found in the “introduction to Partl, w
definitions.of base units are given as an appen

The statements in the definition column for
givensmerely for identification; they are not
complete definitions.

Special remarks

For reasons of brevity, only (rationaliz
founded on four base quantities to be used
with a unit system founded on four base u
included in the tables.

of atomic and nuclear physics, the CGS un

bment of the
used is to be
here the full
dix.

quantities are
ntended to be

bd) equations
in connection
nits have been

s for some of

As the units of the CGS system are widely u]tied in the field

ln

the ““mechanical’’ quantities are given in ad
of the International System of Units.

ition to those

For some of the “‘electrical’” quantities, equ

htions founded

on three base quantities, in particular egliations of the
(non-rationalized) symmetric system, re given in
Appendix |, together with the numerical values of certain
atomic constants expres in th i f Ithe symmetric

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

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

Part X1 : Mathematical signs and symbols for use in the
physical sciences and technology.

1) At present at the stage of draft (No. 2180).

2) The title of the first edition of this document was :
space and time”’.

CGS system.
For further details, see the introduction to Part V.

The names and symbols for the chemical elements are given
in Appendix 111,

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

“Fundamental quantities and units of the MKSA system and quantities and units of
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Quantities
9-1.1...9-8.1

9. Atomic and nuclear physics

Item
No.

Quantity

Symbol

Definition 1)

Remarks 2)

9-1.1

proton number,
atomic number

Number of protons in a nucleus,

number of electrons in a neutral atom.

This quantity.is dimensionless.

A nuclide is a species of neutral atoms
with specified number of protons and
neutrons, - i

Nuclides with the same value of Z are

called isotopes.
See also Appendix il

9-2.1

neutron number

Number of neutrons in a nucleus.

This quantity is dimens

cal i

number.

ionless.

Nuclides with the same value of N are
led isotones.

N —Z is called the-n¢utron excess

9-3.1

nucleop number,
mass npmber

Number of nucleons in a nucleus.

This quantity is\"dimens
A=7Z+ N
Nuclides)with the same
called dsobars.
See-also-Appendix Il

onless.

balue of A are

9-4.1

9-4.2

mass of atom (of a nucli-

de X),[nuclidic mass

(unified) atomic
mass constant

my, m(X)

my

Rest mass of an atom.

t/12 of the rest mass of an atom of
nuclide 2C.

For hydrogen 'H:

m(*H) = (1.67343 -+ 0.00
=(1.673 43 + 0.0G
=(1.007 82522 4

1.66044 4- 0.000

my (
(1.66044 - 0.000
u

1

m, .
—% is called relative nu
my

D 08) x 10-2"kg
008) x 10-2g
0.00000024) u

08) x 10-2" kg
08) x 10-2 g

klidic mass.

9-5.1

9-5.2

9-5.3

(rest) thass of electron

(rest) fhass of proton

(rest) mass of neutron

me= (9.1091 - 0.0004)
= (9.1091 - 0.0004)

[

mp

[

My

1.008 665 4--0.00

For a particle with rest
quantity mc? is called igs rest energy.

mass m the

10" kg
10~ g

(5.485 97 - 0.000 09) x 10—4u

(1.672 52 4 0.000 OB) x 10-%7 kg
(1.67252 1 0.000 OB) x 10-2 g
(1.007 276 63 + 0.0p0 000 24) u

= (1.67482 + 0.000(8) x 10-?" kg
= (1.67482 £ 0.00048) x 10~ g
= (

0013) u

9-6.1

elemerjtary charge

The electric charge of a proton.

The magnitude of the ¢
of an electron is equal
e = (1.602 10 4- 0.000 07
See also Appendix |.

lectric charge
to e.
x 10~ C

9-7.1

Planck constant

The stementary quantunT of —action:

) LI Ll DO 005N
00250 UoovuD)

= (6.6256 4- 0.0005) >
k= h/2x

10-34 J .5
10-% erg-s

9-8.1

Bohr radius

ao

Ao = 4neo i*fmee?

do

See also Appendix |.

' (5.291 67 + 0.000 07) x 10-** m
(5.291 67 1 0.000 07) x 10-° cm
(5.291 67 1. 0.000 07) x 10-* A

1) The statements in this column are given merely for identifica
2) The numerical values in this column are derived from
Constants - 1963 1.U.P.A.P. Commission on Nuclidic Masses,

tion and they are not intended to be complete definitions.
J. W. M. DuMond and E. R. Cohen, Recommended Values of the! Physical
Doc. MN 632 - Sept. 4. 1963. See also NBS Technical News Bulletin 47, 175 (1963).
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9. Atomic and nuclear physics

Units
9-4a...9-8.c
Name of unit .
Item and in certain International
No. | cases abbreviation | 5Y™bo! Definition Conversion factors Remarks
for this name for unit

9-4.2 | kilogramme | ig
9-4.b | gramme g
9-4.c | (unified) ptomic u 1 (unified) atomic mass unit | 1 u == 1.66044.X 10-*" kg

mass unidg is equal to */12 of the mass =(1.66044 x 10-* g

of an atom of nuclide 12C,

9-5.a | kilogramme | kg
9-5.b | gramme g
9-5.c | (unified) ptomic u 1u = 1.66044 x 10-?" kg

mass unit = 1.66044 x 10~ g
9-6.a | coulomb C
9-7.2 loule second s
9-7.b | erg second erg:s 1 ergls = 107 J-s (exactly)
9.8.a | metre m
9-8.b | centimetre cm
9.8.c | ingstrém A 1A =10""m 1 A = 10° m (exactly)
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9. Atomic and nuclear physics (continued)

Quantities
9-9.1...9-15.1
It .
hf :' Quantity Symbol Definition 1) Remarks 2)
— ” o .
9-9.1 | Rydberg constant R, S u— Ro = (1.0973731+0.000000 3)
8% &0 a0 he x 107 m-?
= (1.097 373 14-0.000000 3)
x 10% cm-!
R, ¢ = (3.289 8424 0.000003)
x 1013 =1
R h-c =(2.179724-0.00017) x 10-18y
=(2:1797240.00017)
X 10-"er
=(13.6054+0.000 1) eV
This qnanfif)l isalsocalled the rydberg
(Ry).
For hydrogen 'H:
Ru = Re/(1:+me/my)
‘ See also Appendix |.
1
9-10.1| magnefic moment of u The maximum exdwectation value of the | The.maximum energy [in a magnetic
particle or nucleus . component of the electromagnetic mo- | field with magnetic flux density B in
ment in the directij)n of the magneticfield. | ‘vacuo is - B
9-10.2| Bohr magneton My pp= eh2me 3 pe=(9.273210.0006) 4 10-24 A . m?
See also Appendix .
9-10.3| nucleaf magneton By #y = ehij2my = (me/mp) u fx=(5.0505-+0.0004) xJ10-2" A-m?
See also Appendix 1.
9-11.1| gyromagnetic ratio, y y= pu/lh The gyromagnetic ratiqof the proton
gyromagnetic coefficient where [ is the\particle spin quantum | is indicated by v,
number.
The quotient of the maximum expec-
tation values of the components of the | y,=(2.67519+0.00002)x 10°A-m?/(J-s)
electromagnetic moment and the angular
momentum in the|direction of the mag-
netic field.
9-12.1 g-factof of atom or g y=q KR _ g Zir These quantities are dimensionless.
electrdn h me
9-12.2| g-factor of nucleus g Y= e _ g fe__ Also called g-value.
h myp See also Appendix .
9-13.1 Larmorangularfrequency’ Wi, WL = 2; B See also Appendix |.
(]
9-13.2] nucleaf angular N wN =g i_e__ B
precession frequency myp
where B is the magnetic flux density.
9-14.1} cyclotron“angular e we = 9. See also Appendix |.
frequency n
where% is the charge to mass ratio of
the particle and B is the magnetic flux
density.
9-15.1| nuclear quadrupole Q Expectation value of the quantity

moment

()e) {3z — 1)
in the quantum s
spin in the field

x,y,2) dadydz
tate with the nuclear
direction; g(x,y,z) is

the nuclear charge density, ¢ is the

elementary charg%

1} See footnote 1 on page 2.
2) See footnote 2 on page 2.
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9. Atomic and nuclear physics (continued)

Units
9-9.a...9-15.b
Name of unit Int tional
Item and in certain hternationa .
cases abbreviation symbol Definition Conversion factors Remarks
for this name for unit
9-9.a | reciprocal metre | m™*
9-9.b | reciprocal cm!
| centimetre
m 9-10.a} aimpere square A-m?
metre
9-11.a| ampere sfjuare A-m2?/(J-s) 1A m?/(J's) = 1Clkﬂ
metre pef joule =1 T-.g
second
9-13.a] reciprocal second | s~
9-14.a| reciprocgl second | s~
9-15.a] square metre m?
9-15.b| square centimetre | cm?



https://standardsiso.com/api/?name=9ba4216dbeeb02a73da59a4bc12efe94

O

Quantitles 9. Atomic and nuclear physics (continued)
9-16.1...9-29.2
Item
No. Quantity Symbol Definition 1) Remarks 2)
9-16.1{ nuclear radius R The average radius of the volume in which | This quantity is not exactly defined.
the nuclear matter is included. It is approximately given by
R = Iy A*
wherer,~1.2x10-* m
9-17.1| orbital angular momentum | [, L This quantity is dimensionless.
quantum number Usually {; refers to a particle {;
L is used for the whole system,
9-18.1] spin 1ngular momentum 86 S This quantity is dimenisionless.
quantum number Usually s¢ refers/to.a| particle i;
S is used for the whole system.
9-19.1| total angular momentum | j;, J This quantity is dimensionless.
- | quangum number: Usually j; refers to a q:article i
J is used for the whole system.
9-20.1| nuclear spin quantum I This quantity is dimensionless.
number In nuclear spectroscopy J is often
used.
9-21.1| hypetfine structure F This quantity is dimensionless.
quanfum number
9-22.1| princjpal quantum number | n This quantity is dimensionless.
P
9-23.1 magn:iic quantum my, M This quantity is dlmezslonless.
number Usually mq refers to a particle i;
M is used for the whofe system.
9-24.1| fine-structure constant o a'=etfAneofic This quantity is dimensionless.
o= 1/(137.0388 - 0.0019)
= (7.297 20 4 0.000(10) x 10~
See also Appendix|.
9-25.1| electfon radius Te re = e*[4ne,mec? re = (2.81777 4 0,000 11) x 10-'5 m
‘ = (2.81777 £ 0.00Q 11) x 10-** cm
See also Appendix |.
9-26.1| Compton wave-length Ac Ac = 2rnh/mc = hjmc
where m is the rest mass of the particle.
9-27.1 | mass|excess 4 A4 = ma— Am, If the binding energy of the atomic
. : electrons is neglected, Bc? is equal
9-27.2 | mass| deféct B B =2Zm(H)+ Nmn —m, to the binding energy of the nucleus.
9-28.1 | relative mass excess Ar 4y = A/my These quantities are dimensionless.
9.28.2 | relative mass defect B B: = Bimu
9-29.1 | packing fraction [=4:/A These quantities are dimensionless.
9-29.2 | binding fraction b=DBy/A

1) See footnote 1 on page 2.

2) See footnote 2 on page 2.
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9. Atomic and nuclear physics (continued)

Units
9-16.2...9-27.c
Name of unit
Item and in certain international .
No. | cases abbreviation symbol Definition Conversion factors Remarks
for this name for unie
9-16.a] metre m The quantity 9-16.1 is usually
) expressed in femtometre.
9-16.b| centimetre cm 1fm=10"Bm
9-25.a] metre m
9-25.b| centimetfe cm
9-26.a] metre| m
9-26.b| centimetfe cm
9.27.a| kilogramme. [ kg
9-27.b | gramme g
9-27. ified) aromit -t——1-66044—10= g-27-are usually
¢ S::slslin)lt 0 = 1.66044 x 10-% g expressed in (unified) atomic
mass units.
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9. Atomic and nuclear physics (end)

Quantities
9-30.1...9-39.1
I;le:‘ Quantity Symbol Definition 1) Remarks

0

coefficient,
internal conversion factor

version electrons to the number of
gamma quanta emitted by the atom in the
de-excitation of a nucleus.

9-30.1} mean life T For exponential decay, the average time
: required to reduce the number N of atoms
or nuclei in a specified state to NJe.
1 9:31.1| level width r r="
T
E 9-32.1| activity, A Thenumberof nuclear transformations ar | ies are not al-
: transitions occurring in a certain amount | ways unambiguous unless the radio-
of a radionuclide or in a radiocactive | nuclide or the radiGactiye source and
source in a smali time interval divided | the type of transformation or transi-
by that interval. tion are specified:
For exponential decay gqf a nuclide,
A= —dNidt'= AN
See 9-34.1
9-33.1| specificlactivity of a sample | a The activity of a radiocactive nuclide
present in a sample divided by the total
mass of the sample.
9-34.1| decay cpnstant, A For exponential decay, 1
P A=
disintegration constant dN[dt = — AN .
where N is the number of radioactive
atoms at time\{.
9-35.1} half-life] T‘/ For exponential decay, the average time Tl/ = (In2)/A
! required for the decay of one half of the '
atoms of a sample of a radioactive nuclide. =7in2
9.36.1 alpha-djsintegration 0, The sum of the kinetic energy of theecpar- | The “ground state alpha-disintegra-
energy ticle produced in the disintegration pro- | tion energy”, Qq,,, includes also the
cess and the recoil energy of the product | energy of possible gamma radiation.
atom in the reference frame in which the
emitting nucleus is at rest before its dis-
integration.
9-37.1| beta maximum energy y) The maximum energy of the energy
i spectrum in a beta-disintegration
process.
9-38.1| beta-difintegration Qa The sum of the beta maximum energy EB For positon emitters the energy for
energy and the recoil energy of the produced the production of an electron‘ pair
atom in the reference frame in which the | has to be added to the sym mentioned
rr:tegration. The “groun;\,d state beta-disintegra-
tion energy”, Qg,o, includes also the
energy of possible gamma radiation.
9-39.1| internal conversion o The ratio of the number of internal con- | This quantity is dimensionless.

The quantity of(x+ 1) is also used
and may be called internal conversion
fraction. .

Partial conversion coefficients refer-
ring to various electron shells K, L,
... are indicated as Ok, QL +...

ox/ay is called the K to L internal,

conversion ratio.

1) See footnote 1 on page 2.
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9. Atomic and nuclear physics (end)

Units
9-30.a...9-38.c
Name of unit i .
ltem | and in certain | International .
No. | cases abbreviation symbol Definition Conversion factors Remarks
for this name for unit
9-30.a] second s
9-31.3] joule J
9-31.b| erg erg 1 erg = 10~7 J (exactly)
9-31.c electronvolt eV 1eV = 1.60210 x101? y
9-32.a| reciprocal second | <!
9-32.b| curie Ci 1 Ci= 3.7 x 10105~ 1 Ci = 3.7 x 105~ (exactly)
1} 9-33.a] reciprocal st kg

second rediprocal

kilogramme
9.33.b reciprocal st.g!

second regiprocal

gramme
9-33.c| curiepergramme | Cifg | | N
9-34.a| reciprocal pecond | s~
9-35.a| second s
9-36.3| joule J
9-36.b| erg erg
9-36.c| electronvojt eV 1 eV — 1.60210 x 10—y The quantity 9-36.1 |s usually

‘ expressed in electronyolts.
9-37.a| joule J
9-37.b| erg erg
9-37.c| ele¢tronvdlt eV 1 eV =1.60210 x 1017y The quantity 9-37.1 jis usually
expressed in electronvolts.

9-38.a| joule J
9-38.b| erg erg
9-38.¢| electronvolt eV 1eV =1.60210 > 10* g The quantity 9-38.1 is usually

expressed in electronvolts.
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Appendix I !

Examples of relations in different systems of equations

»ltem Ratipnalize'd system of. Non-rationalized symmetric
No. Subject equations with four basic system of equations with |
quantities three basic quantities
1 Bohr radius o = 4neokit/me e? Ao = F2/me e?
2 Rydberg constant Ry = mee*/(47)% £62 B Ry = moes* [4ntli%c
3 Bohr magneton e = ehif2me HuBs = esfij2mec
4 nuclear magneton ux = ekij2my Hxs = eshi/2mp ¢
5 relation between gyromagnetic ratio and g-factor of nucleus vy =gun/l=gel2my Vs = g uxs/h = g es/2mpe
6 | Larmorangular frequency wr=(eldme-B— | wr="(erfdmcc) B,
7 cyclotfon angular frequency (of electron) we = (e/me) B we = (eg/Mmec) By
8 | fine-stfucture constant & = e3/4rne, fic @ = ‘e;2/hc
9 | electron radius re = e?/4neom, c? ré = es*/mec?
10 Compton wavelength Ac = hime = 2rnhi/mc Ac = hime =|2n/i/mc

Q

1) Quantities ofcurring in the second column of equations which differ from the corresponding quantity in the first column
h a suffix s (symmetric). The values of some of the quantities expressed in units of.the “symmetric”’ CGS sy

provided wit
duction to |

es — (4.802 ¢
fims — (9.27;
MUNs — (5.05
Vos — (2675

O/R 31/Part V) are as foliows:

8 - 0.000 20) x 10-3° electrostatic CGS unit of charge
2 4-0.0006) x 10-2 erg per gauss

S 4 0.0004) x 10-2¢ erg per gauss

19 4 0.00002) x 10¢ reciprocal second reciprocal gauss, where y,, is the.gyromagnetic ratio p, of the proton.

Appendix Il

Symbols for Chemical Elements and Nuclides

Symbols for chemical elements should be written in roman (upright)

type. The symbol is not followed by a full stop.

Ezxamples: H He Ca C

The attached-numerals specifying a nuclide or molecule should have

the following meaning:

nucleon number 14N
2 atoms per molecule

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

subscript position.

10

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*

Nuciear excited state: “°Ag* or 10Agm

bf equations are
tem (see Intro-
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