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FOREWORD 

IS0  (the International Organization for Standardization) i s  a worldwide federation 
of national standards institutes ( I S 0  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 I S 0  Council. 

International Standard I S 0  31/V was developed by Technical Committee 
ISOITC 12, Quantities, units, symbols, conversion factors and conversion tables, 
and was circulated to the member bodies in October 1975. 

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

Australia 
Austria 
Belgium 
Brazil 
Bulgaria 
Canada 
Czechoslovakia 
Denmark 
Finland 
France 

Germany, F. R. 
Ghana 
Hungary 
India 
Israel 
Italy 
Mexico 
Netherlands 
Norway 
Poland 

Romania 
South Africa, Rep. of 
Sweden 
Switzerland 
Turkey 
United Kingdom 
U.S.A. 
Yugoslavia 

The member bodies of the following countries expressed disapproval of the 
document on technical grounds : 

Japan* 
U.S.S.R. 

Disagreement concerning the decimal marker only 

This International Standard cancels and replaces I S 0  Recommendation R 31 /V-1965, 
of which it constitutes a technical revision. 

O International Organization for Standardization, 1979 O 

Printed in Switzerland 
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INTERNATIONAL STANDARD I S 0  3 1 N - 1 9 7 9  (E) 

Quantities and units of electricity and magnetism 

INTRODUCTION 

This document, containing a table of quantities and units 
of electricity and magnetism, is part V of I S 0  31, which 
deals with quantities and units in the various fields of 
science and technology. The complete l i s t  of parts of 
I S 0  31 is as follows : 

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

Part I : Quantities and units of space and time. 

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

Part I1 I : Quantities and units of mechanics. 

Part IV : Quantities and units of heat. 

Part V : Quantities and units of electricity and 
-- magnetism. 

1.- Part VI : Quantities and units of light and related 
electromagnetic radiations. 

Part U I I : Quantities and units of  acoustics. 

Part VI1 I : 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. 

Part X I  I : Dimensionless parameters. 

Part X I  I I : 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 
between the corresponding full lines on the left-hand page. 

Where the numbering of the items has been changed in the 
revision of a part of I S 0  31, the number in the preceding 
edition i s  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 pot 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 identification; they are not intended to be complete. 

The vectorial character of some quantities i s  pointed out, 
especially when this i s  needed for the definitions, but no 
attempt is  made to be complete or consistent. 

In most cases, only one symbol for the quantity i s  given1 );  
where two or more symbols are given for one quantity and 
no special distinction is  made, they are on an equal footing. 

~ 

1) When two types of sloping letters exist (for example as with O ,  8 ;  9, @;g, g), only one of these is given; this does not mean that the other is 
not equally acceptable. 

1 
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IS0 31/V-1979 ( E )  

Tables of units 

Units for the corresponding quantities are given together 
with the international symbols and the definitions. For 
further information, see also Part O. 

The units are arranged in the following way : 

1 )  The names of the SI units are given in large print 
(larger than t e x t  size). The SI units and their decimal 
multiples and sub-multiples formed by means of the 
SI prefixes are particularly recommended. The decimal 
multiples and sub-multiples are not explicitly 
mentioned. 

2) The names of non-SI units which may be used 
together with SI units because of their practical import- 
ance 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 
temporarily 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 
I S 0  31. The annexes are not integral parts of the stan- 
dards. They are arranged in three groups : 

a) Units of the CGS system with special names 

It i s  generally preferable not to use CGS units with 
special names and symbols together with SI units. 

b) Units based on the foot, pound and second and 
some other units 

c) Otherunits 

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

Remark on supplementary units 

The General Conference for Weights and Measures has 
classified the SI units, radian and steradian, as "supplemen- 
tary units", deliberately leaving open the question of 
whether they are base units or derived units, and 
consequently the question of whether angle and solid angle 
are to be considered as base quantities or derived quantities. 

In IS0 31, plane angle and solid angle are treated as derived 
quantities (see also Part O). In IS0 31, they are defined as 
ratios of two lengths and two areas respectively, and 
consequently they are treated as dimensionless quantities. 
Although in this treatment the coherent unit for both 
quantities i s  the number 1, it i s  convenient to use the 
special names radian and steradian instead of the number 1 
in many practical cases. 

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 I S 0  31. 

Number of digits in numerical statements' ) 

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 i s  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 accuracy of the 
experiments. Generally, this means that in such cases the 
last digit only i s  in doubt. When, however, experiment 
justifies more than seven digits, the factor i s  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" i s  added. 

Numbers in the column "Remarks" are given to a precision 
appropriate to the particular case. 

SPECIAL REMARKS 

Items in the field of electrotechnology in this document 
are generally in conformity with the recommendations 
in IEC Publication 27-1. If a name or a symbol in a table 
is not in accordance with what i s  given by IEC, this i s  
indicated in the Remarks column. 

Equations and quantities 

For electricity and magnetism, different systems of 
equations have been developed depending on the number 
and the particular choice of base quantities on which the 
system of equations is  founded. For the purpose of 
explaining this document, only the following systems 
need be mentioned : 

I. System of equations with four base quantities 

In the four-dimensional system of equations with four 
base quantities, one electric quantity is included in the 
base set. The base quantities are chosen to be : length, 
time, mass and electric current. In this system the 
permittivity and the permeability appear as dimensional 
quantities in the relevant equations. 

The equations are always written in a form which is  called 
rationalized, because in the equations factors 4 rt and 2 rt 
appear only in cases involving spherical or circular 
symmetry respectively. 

d' 

1 )  The decimal sign i s  a comma on the line. In documents in the English language, a comma or a dot on the line may be used. 

2 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 31

-5:
19

79

https://standardsiso.com/api/?name=942f412934b09030af48e018fb612971


I S 0  31/V-1979 (E) 

This rationalized system of equations based on four base 
quantities i s  most commonly used in practical calculations 
in physical sciences and technology. 

The use of this system is  especially recommended. 

II. Systems of equations with three base quantities 

These are presented for information in annexes A and B, 
which are not integral parts of the International Standard. 
They are not given by IEC in Publication 27-1. 

Units 

The quantities which belong to  the four-dimensional 
system should be measured in units of the sub-system of 

the International System of Units') with the four base 
units : 

metre, kilogram, second and ampere. 

Alternating current technology 

Items 5-40.1 to 5-44.1 in the table deal with sinusoidally 
varying quantities. For such quantities, lower-case letters 
are used for instantaneous values, upper-case letters are 
used for effective (root-mean-square) values, and lower-case 
letters with a subscript m are used for maximum values. 
For other choices of symbols and for further information, 
including cases where the quantities are not sinusoidal, 
see IEC Publication 27. 

1 1 See also I S 0  1000. 
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IS0 31/V-1979 ( E )  

Item 
No. 

5-1.1 

5-2.1 

5-3.1 

5-4.1 

5-5.1 

5-6.1 

5-6.2 

5-6.3 

5-7.1 

i 

4 

Quanti t i es  
5-1.1 . . . 5-7.1 

5. Electricity and Magnetism 

Quantity Symbol Definition Remarks 

67 electric current I In alternating current tech- 
nology, i i s  used for the instan- 
taneous value of electric current 

52 electric charge, 
quantity of 
electricity 

Q Integral of electric current over 
time 

IEC does not give "charge 
density" 

54 

- 
53 

volume density of 
charge, charge density 

Charge divided by volume 

surface density of 
charge 

U Charge divided by surface area 

electric field strength Force, exerted by electric field 
on an electric point charge, 
divided by the electric charge 

55 

56 

57 

58 

electric potential For electrostatic fields, a scalar 
quantity, the gradient of which, 
with reversed sign, i s  equal to 
the electric field strength 

The potential difference between 
point 1 and point 2 i s  the line 
integral from 1 to 2 of the 
electric field strength : 

2 

cp1 -v2 = $ 4  ds 
1 

The electromotive force of a 
source i s  the energy supplied by 
the source divided by the elec- 
tric charge transported through 
the source 

I EC gives cp as reserve symbol 

In alternating current tech- 
nology, U i s  used for the instan- 
taneous value of potential 
difference. 

IEC also gives "voltage" 

potential difference, 
tension 

electromotive force 

electric flux density, 
displacement 

D The electric flux density i s  a 
vector quantity, the divergence 
of which is  equal to the charge 
density 

See 5-10.1 60 
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IS0 31N-1979 (E) 

5. Electricity and Magnetism Units 
5-1.a. . . 5-7.a 

lnternationa 
symbol 
for unit 

Item 
No. 

- 
5-1 .a 

Name of unit Definition Conversion factors Remarks 

ampere A The ampere i s  that con 
stant electric curreni 
which, if maintained ir 
two straight paralle 
conductors of infinitc 
length, of negligible 
circular cross-section 
and placed 1 metrc 
apart in vacuum, woulc 
produce between thesc 
conductors a forcc 
equal to 2 x IO- ;  
newton per metre oi 
length 

5-2.a coulomb C 1 C = 1 A.s The unit ampere hou 
1 A.h = 3.6 kC, i s  Som 
times used 

5-3.a coulomb per 
cubic metre 

Clm3 

5-4.a coulomb per 
square metre 

C/m* 

5-5.a 

- 
5-6.a 

volt per 
metre 

V l m  1 Vlm = 1 N/C 

volt V 1 V = 1 WIA 

5-7.a coulomb per 
square metre 

C/m2 

5 
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I S 0  31/V-1979 (E) 

5. Electricity and magnetism (continued) Quantities 
5-8.1 . . . 5-17.1 

~ _ _  

Quantity Item 
NO. 

5-8.1 
(5-9.1) 

5-9.1 
(5-1 1.1 I 

5-10.1 
(5-12.1) 

5-10.2 
(5-12.2) 

5-1 1.1 
(5-14.1) 

5-12.1 
(5-1 5.1 ) 

5-1 3.1 
(5-17.1 ) 

5-14.1 
(5-18.1) 

5-15.1 
(5-19.1) 

5-16.1 
(5-20.1 ) 

5-17.1 
(5-21.1 ) 

Symbol Definition Remarks 

59 electric flux, 
(flux of 
displacement) 

Y The electric flux across a surface 
element i s  the scalar product of 
the surface element and the 
electric flux density 

IEC does not give "(flux of 
displacement)" 

61 capacitance C Charge divided by potential 
difference 

Electric flux density divided by 
electric field strength 

~~ 

IEC also gives "absolute permit 
tivity, (capacitivity)" 

permittivity E 

EO 

62 

206 

63 

Eo = l/po c2 
= (8,854 187 818 

f 0,000 O00 071 ) x 
10- l2 F/m" 

permittivity of 
vacuum, 
electric constant 

IEC recommends that if di! 
tinction i s  made between permil 
tivity of vacuum and eiectri 
constant, the symbol be usel 
for the latter 

relative permittivity Er E ,  = € / E O  This quantity is  dimensionless. 
IEC also gives "(relative capaci- 
tivity )" 

This quantity is dimensionles electric susceptibility xr X e  X = E r - l  63a 

65 P = D - E , E  I EC gives Di as reserve symbol electric polarization P 

P r  ( P , )  
~ 

The electric dipole moment i s  a 
vector quantity, the vector 
product of which with the elec- 
tric field strength i s  equal to  the 
torque 

A vector quantity the integral of 
which over a given surface is 
equal to  the current flowing 
through that surface 

66 electric dipole 
moment 

j i s  also used current density 68 

69 

70 

A .  (4 Current divided by the width 
of conducting sheet 

linear current density 

~ 

magnetic field 
strength 

H The magnetic field strength is  an 
axial vector quantity, the curl 
(rotation) of which is equal to 
the current density, including 
the displacement current 

1 ) CODATA BULLETIN 11 (1973) 

6 
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I S 0  31N-1979 (E) 

Definition Conversion factors 

1 F = 1 C/V 

Name of unit Remarks 

coulomb 

farad 

farad per 
metre 

coulomb per 
square metre 

coulomb 
metre 

ampere per 
square metre 

ampere per 
metre 

ampere per 
metre 

5. 

International 
symbol 
for unit 

C 

I- 

F/m 

C/mZ 

C.m 

A/m2 

A/m 

A/m 

Electricity and Magnetism (continued) Units 
5-8.a.. . 5-17.a 

7 
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I S 0  31/V-1979 (E) 

Qu anti t ies 
5-18.1 . . . 5-23.2 

5. Electricity and Magnetism (continued) 

A 

Item 
No. 

5-18.1 
(5-23.1) 

5-18.2 
(5-23.2) 

5-18.3 
(-) 

5-19.1 
(5-24.1) 

5-20.1 
(5-25.1 ) 

5-21.1 
(5-26.1 

5-22.1 
(5-27.1) 

5-22.2 
(5-27.2) 

5-23.1 
(5-28.1 

5-23.2 
(5-28.2) 

8 

Quantity Symbol Definition Remarks 

~~~ 

The magnetic potential differ- 
ence between point 1 and 
point 2 is the line integral from 
1 to 2 of the magnetic field 
strength 

IEC gives also U as symbol and 
-2!/as reserve symbol 

magnetic potential 
difference 

IEC gives .Y- as reserve symbol. magnetomotive force 

The net electric conduction 
current through a closed loop 

current linkage When 8 results from N equal 
currents I ,  O = N I  

B The magnetic flux density is  an 
axial vector quantity such that 
the force exerted on an element 
of current is equal to the vector 
product of this element and the 
magnetic flux density 

magnetic flux density, 
magnetic induction 

74 magnetic flux The magnetic flux across a sur- 
face element i s  the scalar 
product of the surface element 
and the magnetic flux density 

75 

- 
76 

77 

magnetic vector 
potential 

A The magnetic vector potential i s  
a vector quantity, the curl 
(rotation) of which is  equal 
to the magnetic flux density 

self inductance For a conducting loop, the 
magnetic flux through the loop, 
caused by the current in the 
loop, divided by this current 

For two conducting loops, the 
magnetic flux through one loop, 
due to the current in the other 
loop, divided by this current 

k = L , , I m  

mutual inductance 

78 

79 

coupling coefficient 

leakage coefficient 

These quantities are dimension- 
less 

0 = 1  - k 2  
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I S 0  31/V-1979 (E) 

. 

Item 
No. 

- 
5-18.a 

5-19.a 

5-20.a 

5-21 .a 

5-22.a 

- 

Name of unit 

ampere 

tesla 

weber 

Neber per 
metre 

ienry 

5. Electricity and Magnetism (continued) 

lnternationa 
symbol 
for unit 

A 

T 

Nb 

Nblm 

Definition 

1 T = 1 N/(A.m) 
= 1 Wb/m2 
= 1 V.s/rn2 

1 Wb = 1 V.S 

I H = 1 Wb/A 
= 1 V d A  

Conversion factors 

Units 
5-18.a. . . 5-22.a 

Remarks 

9 
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I S 0  31/V-1979 (E)  

Quantities 
5-24.1 . . . 

5. Electricity and Magnetism (continued) 

Definition 
Item 
No. 

Symbol Remarks Quantity 

IEC also gives "absolute 
permeability" 

po = 4 K.IO-~ H/m 
= 12,566 370 614 4 

x H/m" 
IEC recommends that if distinc- 
tion i s  made between per- 
meabilityin vacuumand magnetic 
constant, the symbol r, be used 
for the latter 

5-24.1 
15-29.1) 

5-24.2 
(5-29.2) 

permeability Vlagnetic flux density divided by 
magnetic field strength 

80 

207 

81 

82 

permeability of 
vacuum, 
magnetic constant 

I-1, This quantity i s  dimensionless 5-25.1 
(5-31.1 ) 

relative permeability 

c=p,-l This quantity i s  dimensionless 5-26.1 
(5-32.1) 

magnetic 
susceptibility 

K .  ( X , )  

m The electromagnetic moment i s  
a vector quantity, the vector 
product of which with the 
magnetic flux density i s  equal 
to the torque 

I EC gives "magnetic moment 
(magnetic area moment)" 
IEC also defines the quantity 
magnetic dipole moment, 
i = pom 

electromagnetic 
moment 
(magnetic moment) 

83 

84 

5-27.1 
(5-34.1) 

5-28.1 
15-35.1 1 

5-29.1 
(5-36-1) 

magnetization 

85 magnetic polarization Bi, J Bi  = B - poH IEC also gives "intrinsic 
magnetic flux density" 

Electromagnetic field energy 
divided by volume 

(42) electromagnetic 
energy density 

W 5-30.1 
(5-38.1 ) 

5-31.1 
(5-39.1) 

Poynting vector S The Poynting vector i s  equal to 
the vector product of electric 
field strength and magnetic field 
strength 

102 

20 1 
1 

(2,997 924 58 If. c =- = 
6 G  
0,000 000 012) x 108 m/sl) 

I f  the symbol c i s  used for the 
velocity in a medium, co should 
be used for the velocity in 
vacuum. 
IEC gives only co for thevelocity 
in any vacuum, and gives c for 
the velocity in any medium 

velocity of 
propagation of 
electromagnetic 
waves in vacuum 

C 5-32.1 
(5-40.1) 

5-33.1 
1541.1 

- 
resistance 
(to direct current) 

R Electric potential difference 
divided by current when there i s  
no electromotive force in the 
conductor 

87 

1)  CODATA BULLETIN 11,1973 

10 
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I S 0  31/V-1979 (E) 

5. Electricity and Magnetism (continued) Units 
5-24.a. . . 5-33.a 

lnternationa 
symbol 
for unit 

Item 
No. 

- 
5-24.a 

Name of unit Definition Conversion factors Remarks 

henry per 
metre 

Hlm I Hlm = 1 Wb/(A.m) 
= 1 V.s/(A.m) 

The quantity magnetic 
dipole moment has the 
unit 

Wb.m 

5-27.a ampere metre 
squared 

5-28.a ampere per 
metre 

Alm 

tesla r 1 T =  1 WbIm2 
= 1 V d m 2  

129.a 

s30.a joule per 
cubic metre 

Jlm3 

5-31 .a watt per 
square metre 

Nlm2 

metre per 
second 

nls j-32.a 

5-33.a ohm 1 il = 1 VIA 

11 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 31

-5:
19

79

https://standardsiso.com/api/?name=942f412934b09030af48e018fb612971


- 
Item 
No. 

5-34.1 
542.1) 

5-35.1 
(543.1) 

5-36.1 
(544.1) 

5-37.1 
(545.1) 

5-38.1 
1546.1) 

5-39.1 

5-39.2 

5-39.3 
1547.3) 

5-40.1 
(548.1) 

(547.1) 

1547.2) 

5-41.1 
(549.1) 

5-41.2 
5-94.2) 

5-41.3 
549.3) 

5-41.4 
5-49.4) - 

5. Electricity and Magnetism (continued) Quantities 
5-34.1 . . . 

Definition Qu anti t y  Symbol Remarks 

89 conductance 
(to direct current) 

J ;= IIR 

resistivity Electric field strength divided by 
xrrent density when there is no 
slectromotive force in the con- 
ductor 

88 

90 
~ 

K i s  used in electrochemistry conductivity y =  llp 

Magnetic potential difference 
divided by magnetic flux 

IEC'gives A' as a reserve symbol 91 reluctance 

92 permeance A = IIR, 

These quantities are dimension- 
I ess 

number of turns in a 
winding 

number of phases 

104 

105 

1 06 

103 

number of pairs of 
poles 

phase difference, 
phase displacement 

P When U = U,  cos wt 
and i = i, cos (ut - ip)  
then ip i s  the phase displace- 
ment 

Remark to 5-40.'1 . . . 5-44.1 
See also Introduction, Special 
Remark on "Alternating current 
technology" 
This quantity i s  dimensionless 
See also Introduction, Remark 
on supplementary units 
wt - cp is called the phase of i 
IEC gives 8 as a reserve symbol 

93 

93 

94 

87 

impedance, 
(complex 
impedance) 

modulus of 
impedance, 
( impedance 1 

reactance 

Pesistance 

z 

Zi 

Y 

1 

The complex representation of 
potential difference divided by 
the complex representation of 
:urrent 

1 
X = L w - -  

CO 
for an inductive reactance and a 
capacitive reactance in series 
See 5-33.1 

maginary part of impedance 

%al part of impedance 

12 
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IS0 31/V-1979 (E) 

Item 
No. 

- 
5-34.a 

5. Electricity and Magnetism (continued) Units 
5-34.a . . . 5-41.a 

lnternation 
symbol 
for unit 

Name of unit Definition Conversion factors Remarks 

siemens S 1 S = I A I V  1 s =  1 n-1 

5-35.; n.rn ohm metre 

5-36,; 

- 
5-37.: 

siemens 
per metre 

S/m 

reci proca I 
henry, henry 
to  the power 
minus one 

H-’ 1 H-’ = 1 AfWb 

i-38.a henry H 1 H = 1 WblA 

-40.a radian ad See also the lntro 
duction 

.41 .a )hm = 1 V f A  

13 
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- 
item 
No. 

5-42.1 
(5-50.1) 

5-43.1 
15-51.1 1 

5-43.2 
(5-51.2) 

5-43.3 
(5-51.3) 

5-43.4 
(5-51.4) 

5-44.1 
(5-52.1 1 

- 

14 

Quantities 
5-42.1 . . . 5-44.1 

5. Electricity and Magnetism (concluded) 

Quantity 

quality factor 

admittance, 
(complex 
admittance) 

modulus of 
admittance, 
(admittance) 

susceptance 

conductance 

power 

Symbol 

Q 

Y 

I YI 

B 

G 

P 

Definition 

Q = IXl/R 

Y = 1/z 

Imaginary part of admittance 

Real part of admittance 

Product of current and potential 
difference 

Remarks 

This quantity is dimensionles 

See 5-34.1 

When 

and 
U = U ,  cos wt  = fi ucos at 

I = lrn cos (at - cp) . .  

= &I cos (wt - cp) 
then 
i u  i s  the instantaneous power 
(symbol : p )  
I U cos cp is the active power 
(symbol : P) 
I U i s  the apparent power 
[symbol : S, (P,)]. 
I U sin cp is the reactive power 
[symbol : Q, (Pq )] 
The name "power factor", 
(symbol : A), is  used for the 
ratio PIS 
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I S 0  31/V-1979 ( E )  

- 
Item 
No. 

- 

5-43.a 

5-44.a 

Name of unit 

siemens 

Natt 

5. Electricity and Magnetism (concluded) 

I nternationa 
symbol 
for unit 

S 

W 

Definition 

1 S = 1 A/V 

1 W = 1 J/s = 1 V.A 

Conversion factors Remarks 

In electric power tech- 
nology, active power is 
expressed in watts (W), 
apparent power in volt- 
amperes (V.A) and re- 
active power in vars 
(var) 

Units 
5-43.a. . . 5-44.a 

15 
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ANNEX A" 

THREE-DIMENSIONAL EQUATIONS AND QUANTITIES 

Different three-dimensional systems of equations have been developed for electric and magnetic quantities based on the three 
base quantities : length, time and mass. Only the so-called Gaussian or "symmetric" system of equations i s  s t i l l  used. They 
are also given for information in the IUPAP-SUN Publication, 1977. 

Physical quantities defined through this system of equations in terms of the three base quantities will be called Gaussian 
quantities. 

The symbol chosen for each Gaussian quantity is that of the corresponding quantity in the system with four base quantities, 
with the subscripts added. 

The Gaussian system of equations defines the electric charge as a derived physical quantity, on the basis of Coulomb's law for 
the force between two electric charges, by taking the permittivity to be a dimensionless quantity equal to unity in vacuum. 
The velocity of light appears explicitly in some of the equations combining electric and magnetic quantities in such a way 
that the permeability turns out to be a dimensionless quantity equal to unity in vacuum. The Gaussian system of equations i s  
written in non-rationalized form. L 

The relation of the Gaussian quantities to the corresponding four-dimensional quantities i s  always given in the "Remarks" 
column on the left-hand page. 

Some of the essential equations of the Gaussian system are given in annex B. 

The Gaussian quantities which belong to the three-dimensional Gaussian system are commonly measured in units of the 
Gaussian CGS system with the three base units : 

centimetre, gram and second. 

1 )  Annex A i s  not  an integral part of the standard. 
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Gaussian quantities 
5-1.1,. . . 5-6.1, 

Item 
No. 

5-1.1, 

5-2.1, 

5-5.1 

5-6.1 

18 

Quantity 

Gaussian electric 
current 

Gaussian electric 
charge, 
Gaussian quantity 
of electricity 

Gaussian electric 
field strength 

Gaussian electric 
potential 

Symbol 

Qs 

vs. cps 

ANNEX A 

Definition 

Gaussian electric charge crossing 
a surface divided by time 

The Gaussian electric charge is  
defined by 

F =  Q ~ I  Q,21r2 
where F i s  the force in vacuum 
and r i s  the distance between 
two points with Gaussian 
electric charges Qsl and Qs2 

Force, exerted by electric field 
3n an electric charge, divided by 
the Gaussian electric charge 

For electrostatic fields, a scalar 
quantity, the gradient of  which, 
with reversed sign, is  equal t o  
the Gaussian electric field 
jtrength 

Remarks 

I ,  = 1/(4 7t E o )  

Eo = IO1’ { - 2  (47t)-1 F/m 
For {, see 5-1 .a, 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 31

-5:
19

79

https://standardsiso.com/api/?name=942f412934b09030af48e018fb612971


- 

Iterr 
No. 

- 
5-1 .a, 

Gaussian units 
5-l.a, . . . 5-6.a, 

5-2.a, 

I 

i-5 a, 

- 
1-6.a~ 

- 

Name of unit 

Gaussian CGS 
unit of electric 
current 

Gaussian CGS 
unit of electric 
charge 

~ 

Saussian CGS 
Jnit of electric 
‘ield strength 

saussian CGS 
init of electric 
)otential 

Internation; 
symbol 
for unit 

ANNEX A 

Definition 

1 Gaussian CGS unit O 
electric current 
= 1 cm312 .g’/2 .s-2 

This unit of charge 
being that Gaussiar 
electric charge which 
exerts on an equa 
charge a t  a distance oi 
1 centimetre in vacuum 
a force of 1 dyne, i! 
equal to 

1 cm312 ,9112 .s-1 

1 Gaussian CGS unit 01 
electric field strength 
- - 1 cm-1/2 ,g’/2 ,s-l 

1 Gaussian CGS unit of 
electric potential 
= 1 cm’/2 .g ’n  .s-’ 

Conversion factors 

I S 0  31/V-1979 (E)  

Re marks 

When 
1, = 1 cm312 ,9112 .s-2 

the electric current i s  
I = l O { - ’  A 
= 3,335 64 x 1 O-’ A 

The number { i s  de 
fined by 

c = { cm/s 
where L‘ i s  the velocitl 
of light in vacuum. 
In this document thc 
value of { i s  taken as 
(= 2,997 924 58 x 10’’ 

When 
Q, = 1 cm312 .g’/2 .s-l 

the electric charge is 

= 3,335 64 x 1 O-’ C 
For {, see the remark t c  
5-1 .a, 

Q =  Io{-’ c 

Nhen 
c = 1 cm-1/2 .gm .s-l 

:he electric field strength 

F =   IO-^ j- V/m 
= 2,997 925 x 104 V/m 
-or {, see the remark to 
5- 1 .a, 

J S  

S 

When 
V, = 1 cm1/2 .g’/2 .s-1 

he electric potential is 

= 2,997 925 x 1 O2 V 
‘or {, see the remark to  
i-1 .as 

/= 10-* { v 
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Gaussian quantities 
5-7.1, . . . 5-19.1, 

ANNEX A (continued) 

Item 
No. 

5-7.1 

5-9.1, 

5-1 1 .Is 

5-12.1, 

5-13.1, 

5-1 7.1, 

5-19.1, 

20 

Quantity Remarks Symbol Definition 

Gaussian 
electric flux 
density 

D, The Gaussian electric flux 
density i s  a vector quantity, 
the divergence of which is 
equal to 4 x times the Gaussian 
charge density 

This quantity i s  sometimes 
called electric induction 

D , = D  (4l‘C/€0)’’~ 

Gaussian capacitance c, Gaussian charge divided by 
Gaussian potential difference 

e, = CI4 n Eo 

Gaussian electric flux density 
divided by the Gaussian electric 
field strength 

Gaussian permittivity This quantity i s  dimensionless 
The Gaussian permittivity is 
identical with the relative per- 
mittivity 

E ,  = E ,  = € / E O  

This quantity is  dimensionless 
x, = (4x) - ’  x 

1 /2 P, = P/(4 II: Eo) 

Gaussian electric 
susceptibility 

x, x, = (E, - 13/4x 

Gaussian electric 
polarization 

P S  

Gaussian magnetic 
field strength 

The Gaussian magnetic field 
strength i s  a vector quantity, the 
curl (rotation) of which is  equal 
to 4n/c times the current den- 
sity, including the displacement 
current 

The Gaussian magnetic flux den- 
sity i s  a vector quantity such 
that the force exerted on an 
element of current i s  equal to 
(1 /c) times the vector product 
of the element of Gaussian 
electric current and the Gaussian 
magnetic flux density 

Gaussian magnetic 
flux density, 
Gaussian magnetic 
induction 

B, 
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