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we will continue to put the atomic mass number in the temperatures on a scale, are meant, the use of C® F¢
right superscript position, eg., ;N''. While adopting K° or deg C, deg F, deg K is acceptable.
the E-{l-.\ table of |m-I|xlt-;1 to r:_-prra;;nl the v.‘:]iu.u_«l||({\\'- The author of this note is the US member of the
TS len, we acce sither G as an Ve o X e, ) - A ) X
:. i U]U,‘m' ¢ accept either G or B as an abbreviation ¢\ (ommission and is the chairman of the NAS-NR(C
( 4! - . . Tatbe i

The issue of whether to say kilocycle when we mean [_u:)mmlltf_[ on Symbols, U.mt: fmd I\umt‘.n.clalurc_ He
kilocycle per second (with abbreviations ke and ke/sec)  Will welcome recommendations from physicists for fur-
is unresolved. Where temperature intervals, rather than  ther progress toward standardization in these areas,

Hugh C. Wolfe

AlP Director of Publications
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1. Physical Quantities—General Recommendations

1.1 The symbol for a physical quantity (French: 'gran-
deur physique’, German: ‘physikalische Grdsse’, American,
sometimes: ‘physical magnitude’) is equivalent to the
product of the numerical value (or the measure), a pure
number, and a unit, ie.,

physical quantity = numerical value X unit.

For dimensionless physical quantities the unit often has no
name or symbol and is not explicitly indicated.

Examples: E = 200 erg
F= 2TN

Mau. = 1.55
v =3 X 10* 5!

1.2 Symbols for physical quantities—General rules

1. Symbals for physical quantities should be single letters of
the Latin or Greek alphabet with or without modifying
signs: subscripts, superscripts, dashes, ete.

Remark:

a. An exception to this rule consists of the two letter
symbols, which are sometimes used to represent di-
mensionless combinations of physical quantities, If
such a symbol, composed of two letters, appears asa
factor in a product, it is recommended to separate
this symbol from the other symbols by a dot or by
brackets or by a space.

b. Abbreviations, i.e. shortened forms of names or ex-
pressions, such as p.f. for partition function should
not be used in physical equations. These abbreviations
in the text should be written in ordinary Roman type.

2. Symbols for physical guaniities should be printed in talic
(or sloping) type.

Remark:

It is recommended to consider as a guiding principle for
the printing of indices the criterion: only indices which
are symbols for physical quantities should be printed in
italic (sloping) type. Examples:

Upright indices

C; (g = gas)
gn (n = normal)

Sloping indices
pin Cp
nin Zatnen

pr (r = relative) x in 2 a.b,
Ey (k = kinetic) i, kin g
Xe (e = electric) xin P

3. Symbols for vectors and tensors: To avoid the usage of
subseripts it is often recommended to indicate vectors and
tensors of the second rank by letters of a special type. The
following choice is recommended ;

a. Vectors should be printed in bold type, by preference
bold italic (sloping) type, e.g. 4, a.

b Tensors of the second rank should be printed in sans
serif type, eg. S, T.

Remark:

When this is not possible, vectors may be indicated by
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an arrow and tensors by a double arrow on top of the
symbaol,

1.3 Simple mathematical operations

L. Addition and sublraction ol two physical quantities are
indicated by :

a+b and a —b

2. Multiplication of two physical quantities may be indi-
cated in one of the following ways:

ab ab a.b ab aXxb

Remark: The various products of vectors and tensors
may be written in the following ways:

scalar product of vectors 4 and B:  A.B A-B
vector product of vectors dand B: AAB AXB
dyadic product of vectors 4 and B: AB

scalar product of tensors S and T (2, :SaTw) S:T
tensor product of tensors S and T (2:S4Twu) S-T S.T
product of tensor S and vector 4 (£,SA,) S 4 S.4

J. Diwision of one quantity by another quantity may be
indicated in one of the following ways:

. a/b

=1
E a b

or in any other way of writing the product of @ and 5,

These procedures can be extended to cases where one of
the quantities or both are themselves products, quotients,
sums or differences of other quantities,

If necessary brackets have to be used in accordance with
the rules of mathematics,

If the solidus is used to separate the numerator from the
denominator and if there is any doubt where the numerator

starts or where the denominator ends, brackets should
be used.

Examples:

Expressions with a Same expressions with

horizontal bar a solidus

bi'bd a/bed

2sinke, JRT  (2/9)sinks, (1/2)RT or RT/2
% - afb—c

; i = a/(b —¢)

= _:; (@ =b)/(c —d)

=

g g ajc — b/d

(A
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Remurk: 11 is recommended that in expressions like:

sin{2wix — xu)/A)  explir — ry}/a}

expl—T(r}/kT} +/(e/c®)

the argument should always he placed between brackets,
except when the argument is a simple product of two
quantities: e.g sinky, When the horizontal bar above the
separe root s used no brackets are needed.

2. Units—General Recommendations
2.0 Symbols for units— General rules

1. Svmbols for unils of physical quantities should be
printed in roman (upright) type.

2. Symbols for units should not contain a final full stop and
should remain unaltered in the plural, e.g.: 7 em and not

7 cms.

3. Symbols for units should be printed in lower case roman
(upright) type. However, the symbol for a unit, derived
from a proper name, should start with a capital roman
letter, e.g.: m (metre); A (ampere); Wh (weber); Hz
(hertz ).

2.2 Prefives—General rules

1. The following prefives should be used to indicate decimal
iractions or multiples of a unit.

deci (=107 d
centi (=10"%) ¢
milli (=107") m kilo (=100 k
micro (=10"%) u mega (=10% M
nano (=1077 n giga (=10") G
pico  (=107") p tera (=10%) T
femto (=1071%) |
atto (=10""%) a

2. The use of double prefixes should be avoided when single
prefixes are available.

Not: mps, bul: ns (nanosecond)
Not: kMW, but; GW (gigawatt)
Not:  upF, but: pF (picofarad)

3. When a prehx is placed before the symbol of a unit, the
combination of prefix and svmbol should be considered as one
new symbol, which can be squared or cubed without using
brackets.

Examples:
mA?, us®

©m#,

Remark: A prehx should never be used before a unit
which is squared Thus:

cm? means always (0.01 m)* and never 0,01 m?,

2.3 Mathematical operations

1. Multiptication of two units may be indicated in one of
the following ways:

Nm N m Nom N.m

2. Division of one unit by another unit may be indicated
in one ol the following ways:

m
— m/s
- 1

m- s}
or by any other way of writing the product of m and s,
Not more than one solidus should be used. Examples:

Naot: cm/s/s, but: cm/s* = ¢m 2

Not: 1 poise = 1 g/s/em,  but: 1 poise = 1 g/s em

=lgstcm?
but: /7K mol
=] "K' mol™

Not: | /7K /mol,

3. Numbers and Figures

1. Numbers or figures should be printed in upright type.

by

. The decimal sign between hgures or numbers should be
a comma (,) or (but enly in English texts) a point.

3. The mulliplication sign between figures or numbers
should be a cross (X) or (but enly in non-English texts)
a point.

4. Division of one figure or number by another figure or
number may be indicated in the following wayvs:
136

= /273.15
7315 136/273,15

L]

or by writing it as the product of numerator and the in-
verse power of the denominator. In such cases the number
under the inverse power should alwavs be placed between
brackets,

Remark: When the solidus is used and when there is any
doubt where the numerator starts or the denominator
ends, brackets should be used, as in the case of quantities
(see 2.4).

5. To facilitate the reading of large numbers, the figures
may be grouped in groups of three, but no comma or point
should be used except for the decimal sign.

Example: 2 573, 421 736.

4. Symbols for Chemical Elements, Nuclides, and
Particles

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

Examples: Ca C H He
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2. The attached nuwmerals specilying a nuclide are:

miss numbar ”-\'.' nbema ) moloe o

Remark: The atomic number may be placed as a left
subseript, if desired. The right superscript position should
be used, il required, for indicating a state of ionization
(e.g. Ca*t, POM) or an excited state (e.g, "™Ag", He').

3. Symbols for particles and quanta.

neutron n pion T
proton P o m
deuteron  d clectron e
triton t neutring v

a-particle  « photon 4

It is recommended that the following notation should be
used:

Hyperons: Upright capital Greek letters to indicate specilic
particles, e.g. A, Z.

Upright lower case n and p to indicate neutron
and proton respectively,

Nucleons:

Mesons:  Upnight lower case Greek letters to indicate
specific particles, e.g. =, u, 7.
Leptons:  L-particles; e.g. ¢, ».

It is recommended that the charge of particles may be
indicated by adding the superscript 4, — or 0. Examples:

XVt Pl D BT
If in connection with the symbols p and e no charge is

indicated, these symbols should refer ta the positive proton
and the negative electron respectively.

The symbol ~ above the symbol of a particle has been used
to indicate the anti-particle of that particle (e.g. ¥ for
anti-neutrino) and it is recommended to use the same
indication when needed in other cases,

5. Quantum States

I. A symbol indicating the quantum state of a system
should be printed in capital roman (upright) type.

The right subscript indicates the total angular momentum
quantum number and the left superscript the multiplicity.

Example: *Py (J = }, multiplicity: 2)

2. A'symbol indicating the quantum state of a single par-
ticle should be printed in lower case roman (upright) type.

The right subscript may be used to indicate the total angu-
lar momentum quantum number of the particle in the case
of j— coupling.

Example: py—electron

J. The letter symbols corresponding to the angular mo-
mentum quantum number should be:

0 S3 4 Gg BT
1P 3 Hh 9 Mm
2 Dd 6 I, 100 N,n
3 it e 11 0,0
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6. Nomenclature
L. Use of the word specific.

The word ‘specitic’ in English names for physical quantities
should be restricted to the meaning ‘divided by mass'.

Lxamples:

specihe volume volume/mass

specihic energy cnergy/mass
specilic heat capacity heat capacity /mass

2. Nolation for covariant character of coupling

S Scalar coupling A Axial vector coupling

V' Vector coupling ' Pseudoscalar coupling

T Tensor coupling

3. Abbreviated notation for a nuclear reaction.

The meaning of the symbolic expression indicating a
nuclear reaction should be the following:

ncoming

particle(s)
or quanta ,

outgoing
particle(s)
or gquanta

final !
nuclide

mnitial
nuclide
Examples:

UN (a,p)"O
ANaf(+,3n)*Na

“Co(n,y)"Co
P (v, pn )¥Si

4. Character of transilions

Multipolarity of transition:

electric or magnetic monopole  E0 or MO

i A " dipole E1 or M1

i ' b quadrupole E2 or M2

i i 1 octupole  E3 or M3

AR b 2r-pole En or Mn
parily change in transition: {
transition with parity change: ves !
transition without parity change: no Y

5. Nuclide: A species of aloms, identical as regards atomic

number and mass number should be indicated by the word :

nuclide, not by the word isotope. !
Different nuclides having the same atomic number

should be indicated as gsotopes or wsolopic nuclides.
Different nuclides having the same mass number should

be indicated as isebars or isobaric nuclides.

6, Sign of polarization vector (Basel Convention)

In nuclear interactions the positive polarization of par-
ticles with spin } is taken in the direction of the vector

roduct
i ki X ko,

where ki and kg are the circular wave vectors of the incom-
ing and outgoing particles respectively.
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7. Recommended Symbols for Physical Quantities

Remark:

(1) Where several symbols are given lor one quantity,
and no special indication is made, they are on equal

footing.

(2) In general no special attention is paid to the name of

the quantity.

7.0 Space and time

length

breadth

height

radius

diameter: d = 2r
path: L = [ds
drea

volume

plane angle

solid angle

wave length
wave number: o = 1/A

circular wave number: & = 2x/\

time
period
frequency:» = 1/T

angular frequency, pulsatance: w = 27»

velocity : v = ds/di
angular velocity: w = dg/dt
acceleration: a = dv/dt

angular acceleration: a = dw/dt

gravitational acceleration

standard gravitational acceleration

v/c

7.2 Mechanics

madass

density: p = m/V

reduced mass

momentum: p = my

moment of inertia: I = [ridm

force

weight

moment of force

pressure

normal stress

shear stress

gravitational constant:
Fir) = G mmy/r?

modulus of elasticity, Young's modu-

lus: ¢ = E AlJl
shear modulus: »r = G gy

compressibility: xk = — (1/V)dV/dp

bulk modulus: K = 1/«

VISCOsIty

L8
Ay
V,v
a, B, v, 0,08 ¢

£

=i
*

Ll

S AR SRR R
-

H e
L3
e

W e B B E

E
G
K
K
n

kinematic viscosity: » = n/p
friction coefficient
surface tension
energy

potential energy
kinetic energy

work

power

cfficiency
Hamiltonian function
Lagrangian function
relative density

7.3 Molecular physics

number of molecules

number density of molecules: n=N/V

Avogadro's constant

molecular mass

molecular velocity vector with
components

molecular position vector with
components

molecular momentum vector with

components
average velocity
most probable speed
mean free path
molecular attraction energy

interaction energy between molecules

¢t and j
velocity distribution function:
n = [fdec.deyde,
Boltzmann's function
generalized coordinate
generalized momentum
volume in y phase space
thermodynamic temperature
Boltzmann's constant
1/kT in exponential functions
gas constant per mole
partition function
diffusion coefficient
thermal diffusion coefficient
thermal diffusion ratio
thermal diffusion factor
characteristic temperature

Debye temperature: Op = hvp/k
Einstein temperature: ®g = hve/k
rotational temperature: ©, = h*/8x*Ik
vibrational temperature: ©, = hw/k

7.4 Thermodynamics

quantity of heat

work

temperature

thermodynamic temperature

_‘“’E_‘E_h:é b
abmal

h.{--.;:.a 5,‘—:

Na

i e

& (Csy Cyy'Ca)
w, (uz, ty, )

ry (x93, 8)
P, (Pn Plu P:)

Co, g, &, @

2,1

@
-

b R
N

]
PPPos Ny

Gy

W, A
T, (©)

* 7 is exclusively used in molecular spectroscopy.

** In physics : ».
t Preferred symbal: G.

* Preferred symbol: T,
** Preferred symbol: &
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entropy

internal energy

Helmhaltz function, [ree energy
F=U-TS

enthalpy: H = U 4 pV

Gibbs function: G = U + pl” — T'S

linear expansion coefficient

cubic expansion coefficient

thermal conductivity

specific heat capacity

malar heat capacity

Joule-Thomson coefficient

ratio of specific heats

7.5 Electricity and magnetism

quantity of electricity

charge density

surface charge density

electric potential

electric held

electric displacement
capacitance

permittivity: e = D/E
permittivity of vacuum
relative permittivity: & = €/

dielectric polarization: D = E + P *

electric susceptibility
polarizability

electric dipole moment

electric current

electric current density
magnetic field

magnetic induction

magnetic flux

permeability: u = B/H
permeability of vacuum

relative permeability : pr = u/uo
magnetization: B = u(H + M) *
magnetic susceptibility
electromagnetic moment :

(dimension: M /n)

magnetic polarization: B = pH + J *

magnetic dipole moment :

(dimension: J/n)
resistance

reactance

impedance: Z = R + iX
admittance: V= 1/Z = G + B
conductance

susceptance

resistivity

conductivity : 1/p

self inductance

mutual inductance

phase number

loss angle

number of turns

power

My
M, M
X

w, 4, m,om

;'” o L 1"
m

13

N

1

* Written in rationalized, 4-dimensional form, See section 10,
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Poynting vector
vector potential

7.0 Light, radiation

quantity of light

luminous flux

luminous intensity : div/duw
lumination : da/dS
luminance: df/dS cos
luminous emittance: db/dS
quantity of radiant energy
radhant lux

radiant intensity

irradiance

radiance

radiant emittance
absorption factor: &, /dy
reflection factor: &, /dy,
transmission factor: &g /dy
absorption coefheient
extinction coefficient

speed of light in empty space
relractive index: n = ¢/e,

7.7 Acoustics

velocity of sound

velocity of longitudinal waves
velacity of transversal waves
group velocity

sound energy flux

reflection factor: P,/ Py

acoustic absorption factor: I — p
transmission factor: P/ Py
dissipation factor: a, —
louduness level

7.8 Atomic and nuclear physics

atomic number, proton numher

mass number

proton number: P = Z

neutron number; N = .1 — Z

charge ol positon

electron mass

proton niass

neuLron medass

MEson mass

nuclear mass

ALOMIC mass

relative atomic mass: M, /my

(unified ] atomic mass constant:
my = M, (RC)/12

magnetic moment of particle

Ill:lglll:lit‘ moment ol proton

magnetic moment ol neutron

magnetic moment of electron

Bohr magneton

Planck constant

principal quantum number

25

i,

oy, (o) J

Ly, (A)

Z 1
A !
IJ H
N l
S

m, ni,

ny

Ny g
Mg, My

My, M

My

m

Hp

M

Mo

i,

h \
n, n;
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orbital angular momentum quantinm
number

spin quantum number

total angular momentum quantim
ninmber

nngnetic quantuym namber

nuclear spin gquantum number

hvpertne quantum numiber

rotational quantum number

vibrational gquantom number

quadrupole moment

Rydberg constant

Bohr radiys: as = W /me*

tine structure constant: a = /e

mass excess: M, — Admy

packing fraction: A/dm,

nuclear radius; R = rel!

nuclear magneton

g-factor: eg. ¢ = p/lux

gyromagnetic ratio:
v =u/lh=glux/h)

Larmor (angular) frequency

level width

mean life

reaction energy

cross section

macroscopic cross section: £ = ne

impact parameter

scattering angle

internal conversion coefheient

disintegration energy

half life

decay constant, disintegration constant

activity

Compton wavelength: N = h/mc¢
electron radius: r, = e*/me?
linear absorption coefficient
atomic absorption coefficient
mass absorption coefficient
linear stopping power

atomic stopping power

linear range

recombination coefficient

7.9 Chemical physics

amount of substance

molar mass of substance B

molar concentration of subst, B

mole fraction of subst. B

mass [raction of subst, B

volume fraction of subst. B

mole ratio of solution

molality of soliution

chemical patential

absolute activity of subst. B
(dimensionless )

relative activity

Hy M
Ha

Him
8,8
S

R, R
A

v, N
Mp

H

xn, Xn
Wy

¥l

r

"

[

A
LAt

* a ig used in chemistey, » may be used as an alternative 1o n, when n

i= nsed Tor number density of particles.

activity coeflicient

OSIIOLIC Pressure

osmotic coefficient

stoichiometric number of molee, 13

afhimity

extent of reaction

copuilibriam constand

charge number ol ion

Faraday constant

fonie strength

activity of substance 13
(dimension al nuniber density )

Tl
i
¥

41}

u......:_lti :.:rn:_‘

8. Recommended Mathematical Symbols

8.1 General symbols

cqual to

not (:l']ll'.l.] K4

identically equal to
corresponds to
approximately equal 1o
proportional to
approaches

larger than

smaller than

much larger than

much smaller than
larger than or equal to
smaller than or equal to
plus

minus

plus or minus

a multiphied by b

a divided by b

a raised to the power »
magnitude of a

square root of a

mean value of a
factorial P

binomial coefficient: ul/plin — p)!

inhnity

= | Al
1

!
A

Y

IA IV

ab, a.b,abaXb

a
afh, B

a*

|e |

Va, v a, !
i, {a)

p!

()

w

8.2 Letter symbols and letter expressions for mathe
matical operations should be written in roman or

upright) tvpe

exponential of x

base of natural logarithms
logarithm to the base a of x
natural logarichm of «
decadic logarithm of ¥
binary logarithm of v
summation

procuct

finite increase of x

Y In case of ambiguity loge x.
B Greek capital delta, not triangle,

exp v, ef

(&

lt}gn X

Inx

lg x, log &
Ib x, logs x
=

11

Ay
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variation of x 3
total differential of dx
function of x FonrElkts)
limit of f(x) lim f(x)
8.8 Trigonometric functions

sine of x ST
cosine of x COs X

tan x, g x
cot x, clg x

tangent af x
cotangent ol x
secant of x
cosecant of x

SCC X
COSCC X

Remarks:

a, 1t is recommended to use Tor the inverse coremdur Tine-
tions the symbolic expressions for the corresponding
circular function preceded by the letters: arc,

Examples: arcsin x, arccos x, arctan x or arctg v, cle.
Sometimes the notation sin™! x, tan™ v, et is used.

=

It is recommended to use for the hyperbolic functions
the symbalic expressions for the corresponding circu-
lar function, followed by the letter: h.

Examples: sinh x, cosh v, tanh x or tgh x, etc.

c. It is recommended to use for the inverse hyperbolic
functions the symbolic expression for the correspond-
ing hyperbolic function preceded by the letters: ar.

Examples: arsinh x, arcosh x, etc.

8.4 Complex quantities

imaginary unit (2 = — 1) i, ]
real part of s Resz, s
imaginary part of = {

Im's, s
modulus of = I5]
argument of z: z = |zlexpig args, ¢

complex conjugate of =, conjugate of = =*

Remark: Sometimes the notation 2 is used for the complex
conjugate of s,

8.5 Vector calculus. (see also 1. 2. 3)

absolute value | 4], 4

differential vector operator ajor, ©

gradient grade, Ve
divergence divd, v A

curl curld, rotd, VXA
Laplacian PAN R
d'Alembertian Oe

8.6 Matrix calculus.
transpose of matrix A
complex conjugate of A
Hermitian conjugate of .1

.'Ti; =4 I .'-[
(A*)i;=(A:)* A*
(1 1“}5.,1’_.,- At
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9. International Symbols for Units

9.0 Unit systems

1. A coherent system of unifs is a system based on a certain
set ol "basic units,"" Trom which all “derived units" are
obtained by multiplication or division without introducing
numerical factors, In addition there are *
units,"”

‘dimensionless
in particular the radian, symbol: rad, for plane
angle and the steradian, symbol: sr, for solid angle,

2. The CGS system or cni-g-s system is a coherent system
ol units based on three basie units for the three basic

quantities length, mass and time respectively :

centimelre cun
granmime [
second 5

L the tield of mechanics the Tollowing units of this system
have special names and symbaols, which have been approved
by the General Conference on Weights and Measures:

1 by I centimetre cim

t second §

n gramme I
for hertz (= s71) Hz
F dyne (= g.em/s?) dvn
U0 W, A erg (= g.om?/s?) erg
P microbar (= dyn/cm?®) ubar
n poise (= dyn, s/cm?) P

In the held of electricity and magnetism several variants of
the CGS unit system have been developed, in particular
the electrostatic CGS system and electromagnetic CGS system.
Special names and symbols for some of the units of the
second system are:*

" oersted (= cm!t, ¢f, 571 Oc
B gauss (= cm! gh s71) G
" maxwell (= em.g!) s Mx

For further information about the units and unit systems
in electricity and magnetism see section 10,

3. The MKSA system or m-kg-s-A system is a coherent
system of units for mechanics, electricity and magnetism,
based on four basic units for the four basic quantities length,
mass, time and electric current intensity :

metre m
kilogramme kg
S H"I -]

ampere A

Remark: The system based on these four units was
given the name Giorgi system by the International Elec-
trotechnical Committee in 1958, The mechanical system,
which is based on the first three units only, has the name
MKS system,

* (See also 10.3.)
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The tollowing units of the MIKSA system have special
mames and symbols, which have been approved by the
Ceneral Conterence on Weights and Measures:

b h metre "
t second 5
i Lkilogramme kg
v [ hertz (= s Iz
I newton (= kg.a/s4) N
5 joule (= kg.m?*/s*) |
P watt (= |/s) \\
/ ampere \
(] coulomb (= As) [ 3o
I’ volt (= W/A) Y
G farad (= C/V) I
I3 ohm (= V/A) Y]
i henry (= Vs/A) B
i} weber (= Vis) Wh
B tesla (= Wbh/m?) T

4. In the beld of thermodynamics one wntroduces an addi-
tional basic unit, corresponding to the basic quantity:
thermodynamic temperature, the unit being the degree
Kelvin, symbaol: “IK,
When the customary temperature 1s used, defined by
t =T — T where To = 273.15 °K, this is usually ex-
pressed in degrees Celsius, svmbol: "C. For temperature
interval the name degree, symbaol @ deg, is often used, the
indications “"Kelvin" or "Celsius," indicating the zero-
point of the temperature scale used, being irrelevant in
this case,

5. In the tield of photometry one introduces an additional
basic unit, corresponding to the basic quantity: luminous
sntensity, this unit being the candela, symbol: ed.

Special names for units in this held are:

I candela vd
W lumen Im
E lux (= lm/m?) Ix

6. The International System of Units, For the system based
on the six basic units:

metre m ampere A
kilogramme kg degree Kelvin ‘K
second s candela el

The name International Svstem of 'nits has been recom-
mended by the Conférence Générale des Poids et Mesures
i 1960 :

7. I the held of chemical and molecular physics, in addition
to the basic quantities delined above having heen defined
by the Conférence Géndrale des Poids et Mesures, amount
of substance is also treated as a basic quantity, The recom-
mended basic unit is the mole, svmbol: mol. The mole is
defined as the amount of substance, which contains the
same number of molecules (or 16ns, or atoms, or electrons,
as the case may be), as there are atoms in exactly 12
grammes of the pure carbon nuclide #C,

9.2 Incolerent units

/ dnigstrom A
@ barn (= 107 ¢m?) I

I litre |

PO T i e min
4ord) hour h

L, r, T} tay |

| A year a

P datmosphere atm
i kilowatt-hour kWh
) calorie cal
(0] kilocalorie keal
E, () clectronvolt eV
1t ton (= 1000 kg ) t
M., m (unihed ) atomic mass unit u

P bar (= 10* dyn/cm?) bar

Remark: The (unihed) atomic mass unit is defined as
—l-'ajih ol the mass of an atom of the 2C nuclide,

APPENDIX.* Systems of Quantities and Units in
Electricity and Magnetism

The CGS unit system with three basic units and the
MIKSA unit system with four basic units correspond re-
spectively to two different sets of equations in the field of
electricity and magnetism, which are developed starting
from three and from four basic quantities respectively.
These systems are denoted as three and four “dimensional”
systems of equations respectively.

1. Systems of equations with 3 basic quantities

Three distinct sets of equations with three basic quan-
tities** have been developed in the field of electricity and
magnetism, These are:

(1.a) The “electrastatic svstem'* of equations, defining the
electric charge on the basis of Coulomb's law for the
force hetween two electric charges, by taking the per-
mittivity in vacuo equal to a dimensionless quantity, the
number unity.

(1.b) The “eclectromagnetic system" of equations, defining
the electric current on the basis of the interaction law for
the force hetween two electric current elements, by tak-
ing the permeahility in vacuo equal to a dimensionless
quantity, the number unity.

(1.0) The “symmetrical system’ of equations, using uf”
clectric quantities from system (1.a) and the magnetic

* The SUN commission, after reproducing in the previous chwl:ﬂ
all the recommendations on symbols, units and nomencl:;lllll! n‘r.:
proved by the IUPAP, gives in this Appendix some fac:h Geld of
mation about existing systems of quantities and units in the
electricity and magnetism.

“ Often length, time and mass are chosen as basic quantities, :5“:3:
other choices, e.g. length, time and energy or length, time a
have been used,
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quantities from system (1.b). As a result of combining
the two sets of quantities the velocity of light in vacuo
appears explicitly in some of the equations interrelating
electric and magnetic quantities,

The equations in these three systems are usually written
in the “wonrationalized” form, which is called “non-
rationalized,” because in these equations often factors 2r
or 47 appear in situations not involving circular or spherical
symmetry respectively, These equations are sometimes
written in a “rationalized” form, in which these factors
appear only in those equations, where they could be ex-
pected from the geometry of the system. However this
rationalized form is only rarely used. The nonrationalized
symmetrical system of equations (1.c) is commonly used
in theoretical physics.

2. Systems of equations with I basic quantities

In the equations with four basic quantities at least one
quantity of electric or magnetic nature is included in the
basic set. In such a system the permittivity and the per-
meability in vacuo appear explicitly as physical quantities
in the relevant equations,

Two different sets of equations are in use:

(2.a) The "“nonrationalized system" of equations, in which
the factors 47 and 27 often appear at unexpected places.

(2.b) The “rationalized system'" of equations, in which these
factors only appear in those equations, where they could
be expected from the geometry.

When four-dimensional equations are used, one commonly
writes these equations in the rationalized form (2.b).

Some characteristic equations of the three-dimensional
“symmetric system’ (1.¢) and the corresponding four-
dimensional equations in the nonrationalized form (2.a)
and the rationalized form (2.b) are given in the table. The

29

quantities of the three-dimensional “symmetric system”
ol equations (1.¢) have been indicated with an asterisk (*),
those of the nonrationalized four-dimensional equations
(2.a) with a prime ('), as far as they are different from
those of the system (2.h).

Remark on the rationalization:

The basis of these considerations in which the ra-
tionalization is connected with the writing of the equa-
tions between physical quantities is in agreement with
the resolution accepted by the TUPAP in 1951 in
Copenhagen :

“The General Assembly of the Union of Physics con-
siders that, in the case that the equations are rational-
ized, the rationalization should be effected by the intro-
duction of new quantities.”

(“L"Assemblée Générale de I'Union de Physique con-
sidére que, dans le cas on les équations sont rationalisées,
la rationalisation doit étre obtenue par l'introduction de
grandeurs nouvelles.")

3. CCS system of units

(3.a) The electrostatic CGS system of units forms a coherent
syvstem of units in combination with the three-dimen-
sional “electrostatic system'’ of equations (La).

(3.b) The electromagnetic CGS system of units forms a
coherent system of units in combination with the three-
dimensional “electromagnetic system' of equations (1.b).

(3.c) The mixved CGS system of unts, consisting of the set
of electrostatic units of the electrostatic CGS system on
the one hand and the set of magnetic units of the electro-
magnetic CGS system on the other hand, form together
also a coherent system of units, when used in combina-
tion with the three-dimensional “symmetrical system™ of
equations (1.c).

Symmeltrical equations wilh
3 basic quantities

Nonrationalized eq. wilh
4 basic quantilies

Rationalized eq. with
4 basic quantilies

crot E* = —aB*/at rot E= —aB/at rot E= —aB/ot

div D* = 4rp div D' = 4rmp divD =p

div B* = 0 divB =0 divB =0

crot H* = 47i* + aD* /ot rot H' = 4xi + o'/t rot I =i + ab/ol
F=QE*+ Q% X B*/c F=0QFE+QoXDB F=QE+QuXB
w = (E*-D* + B*-H*)/8x w= (ED' + B.H')/8x w= (ED+4 BH)/2
S = ¢(E* X H*)/4x S = (EXH)/Ar S=(ExMH)

E* = —grad V*—(1/c)0A* /ot E = —grad '—ad/ol E = —grad V—ad/it
B* = rot A* B = rot A B=rot A

«E* = D* aw'eoE=¢E=D woE=¢E=D

E* = D*—4xP* «'E=D'—4xP «E = D-P

B* =y, H* B = u'H = p/udll B = ull = pudl

B* = H* + 4xM*

B = u/(H' + 4xM)

B = pu(H+ M)
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L physics this mixed or syimmetrical CGS system of units

combined with the three-dimensional “symmetrical sys-
" " "

tem”™ of equations, is commonly used,

I. MKSA system of units

The NMIKSA system of units forms o coherent system of
units i either of the four-dimensional systems of equations
mentioned noder 2.

The MKSA system s, however, most commonly  sed
together with the rationalized  (four-dimensional) equa-
tionis (2.,

Go ventimetre-gramme-second-franklin syvstem and
centimelre-gramme-second-biot system

Several iny |‘-I'|;.;.|l||rw have |HIi!![L‘II Ul over nuny vears
the advantages, which result from the use of the four-
dimensional equations, e, equations with four basic quan-
tities of which at least one is of electrical nature. These
advantages are partly of a didactical nature, but many
investigators consider the usage of four basic quantities
also important for developing a clear representation of the
field of electricity and magnetism.

It has often been considered as a disadvantage that the
trunsition from the three- to the four-dimensional svstem
ol equations should be tied to the transition from the CGS
svstem of units to the MKSA system of units as explained
under 3, and 4, which as a consequence would lead o a
change in the numerical value of many well known physical
quantities.

IFor that reason several investigators have advocated the
introduction of a four-dimensional system of units, which
15 a generalization of the CGS system. This unit-system is
chosen so that to any unit of the CGS system (with three
basic units) there corresponds one particular unit of this
“generalized CGS system'’ (with four basic units), such
that the numerical values of the physical quantities in the
field of electricity are invariant,

The introduction of such a “generalized CGS svstem’
his the advantage that the relation between the units of
this “generalized CGS system™ and the units of the MKSA
system can be expressed by ordinary conversion relations.

The use of the four-dimensional system of equations
twith four basic quantities) accompanied by the usage of
such a “generalized CGS system" of units (with four basic
units) is therefore of advantage as an intermediate repre-
sentation in this period of coexistence of the CGS system
and the MKSA system, where transitions from one system
to the other often have to be made.

As a result of all these considerations the TUPAP iy the
General Assembly of the IUPAP, Copenhagen, 1951, reso-
lution 5, approved the introduction of the following two
“generalized CGS systems”” based on four basic units:

(5.a) The system with the centimelre, pramme, second and
the electrostatic unil of charge, as basic units,

(5.b) The system with the centimetre, grammre, second and
the electromagnetic unit of current, or deca ampere, as
hasic units,

L practical applications of these systems it is of ad-
vantage to indicate the basic electrical unit in each of
these two systems with a name and symbaol,

The name franklin was proposed in 1941 for the electro-
static unit of electric charge considered as a basic unit
of the system (5.a), The franklin, symbol: Fr, is thus
telined as:

The franklin is that charge, which exerts on an equal
charge at a distance of 1 centimetre in vacuo a force of
1 dyne.

According to this definition 1 franklin = (10/§) coulomb,
where © = 200793 > 10" is the numerical value of the
y

velocity of light in vacaum, measured in cm/s,

FFor the electromagnetic unit of electric current, con-
sidered as a basic unit of the system (5.b), the name biot
has been used. The biot, symbol: Bi, is thus defined as:

The biot is that constant current intensity, which, when
maintained in two parallel rectilinear conductors of in-
fhinite length and of negligible circular section, placed at
a mutual distance of 1 centimetre apart in vacuo, would
produce between these conductors a force of 2 dyne per
centimetre length.

According to this definition 1 biot = 10 amperet.

These unit systems (5.a) and (5.b) are referred to as
cm-g-s5-Fr system and cm-g-s-Bi system respectively.

The definitions of the franklin in the system (5.a) and
that of the biot in the system (5.b) which closely corre-
spond to the electrostatic CGS unit of charge and the
electromagnetic CGS unit of current respectively, ensure
that the quantities of the nonrationalized Tour-dimensional
system of equations (second column, table p. 29), when
expressed in these units, have the same numerical value as
the corresponding quantities of the nonrationalized three-
dimensional system of equations (first column, table p. 29),
when expressed in the corresponding CGS units.

Some of the units of the three-dimensional CGS system
and the corresponding units of the two four-dimensional
svstems are given in the table:

corresponding
three-dimensional four-dimensional
CGS unit unit
Q* ergh. cm!t Q I'r
ergh, em ! Vv erg/Fr
E* erg. em 1 E dvn/Fr
n' ergh. em—i n Fr/em*
c* cm (¢ Fr#/erg
5y 1 & Fr?/erg.om
I* dynt I Bi .
n G B dyn/Bi.em
H* O H' Bi/cm
b 1 u dyn/Bi

| The wording of this definition is, except for the replacement °[l!ﬂ¥uu:
by 1 centimetre and of 2 newton per metre by 2 dyne per Cl““ :‘u“p!"
the exact translation of the original french text defining the
(C.R. 9me Conf. Gen. Poids et Mesures, 1948, p. 49).
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