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BRIEF HISTORY

The ISO Recommendation R 31, Part V — Quantities and Units of Electricily and
Magnetism, was drawn up by Technical Committee ISO/TC 12, Quantities, Units,
Symbols, Conversion Factors and Conversion Tables, the Secretariat of which is held
by the Danish Standards Association, Dansk Standardiseringsrad (DS).

Work on this question by the Technical Committee began in 1957. The ISO/TC 12
Secretariat drew up three draft proposals in succession; the last one was adopted,
in 1960, as a Draft ISO Recommendation.

It should be noted that the following international organizations have Jhad these
draft proposals sent to them and have taken part in the discussions at‘the meetings
of Technical Committee ISO/TC 12:

International Committee on Weights and Measures
International Electrotechnical Commission,
International Union of Pure and Applied Chentistry,
International Union of Pure and Applied Rhysics
and its Sub-Committee SUN,
International Commission on Illumimation,
Comité international de métrologie, légale,
World Meteorological Organization,
International Commission on Radiological Units and Measurements,
International Telcgraph and Telephone Consultative Committee.

In June 1961, this Draft ISO(Recommendation (No. 439) was circulated to all the
ISO Member Bodies for enquiry. It was approved, subject to some modifications
of an editorial nature, by the following Member Bodies:

Australia Hungary Poland

Austria India Portugal
Belgium Israel Romania
Canada Italy Sweden

Chile Japan Switzerland
Czechoslovakia  Mexico U. A. R.
Denmark Netherlands United Kingdom
France New Zealand U.S.A.

Greece Norway Yugoslavia

Three Member Bodies apposed the approval of the Draft:
Germany, Ireland, U. S. S. R.
The Draft ISO Recommendation was then submitted by correspondence to the

ISO Council which decided, in November 1965, to accept it as an ISO RECOM-
MENDATION.
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General

Introduction

remarks

This document, containing a table of Quantities and Units of Electricity and Magnetism, is part of
a more comprehensive publication dealing with quantities and units in various fields of science
and technology. Other parts of this more comprehensive publication are at present

I1SO Recommendation R 31,

Part I (2nd edition): The International System of Units and Quantities and Units of Space and Time'),

Part I1:

Part I1I:

Part IV:

Part VII:

Part XI:

General information regarding the arrangement of the tables and\the symbols and abbreviatj
used is tq be found in the Introduction to ISO/R 31/Part I, where the full definitions of fun
mental urlits are given as an appendix.

The state

not inlended to be complete definitions.

Special remarks

This docyment follows, unless the contrary is-indicated, the IEC?) recommendations concerning

Quantities and Units of Periodic and Related Phenomena,
Quantities and Units of Mechanics,

Quantities and Units of Heat,

Quantities and Units of Acoustics,

Mathematical Signs and Symbols for use in Physical-Sciences and Technolog

ments in the definition columns for quantities ate given merely for identification; they

y.
ons

da-

are

the

quantities| and units of electricity and magnetism. In particular, the units of the Giorgi or MKSA

system recommended by the IEC are_given preference by placing them first and by printing
item number in heavy type. These tnits belong to the International System of Units adopted|
the Conféfence Générale des Poids‘et Mesures.

Items rel

with the

Other ite
with a d

The num

ame asterisk.

iting to units corresponding to those of the ‘‘symmetric’ CGS unit system are mai]l;ed
with an gsterisk (*). Items.and remarks relating to non-rationalized quantities are also ma

the
by

ed

s for whieh' no recommendations appear in the relevant IEC publications are marked
ger (1) Individual significant deviations from IEC recommendations are also marked
with the §ame dagger.

erieal value of the velocity of light in vacuo, expressed in centimetres per second, is 0

ten

needed foT the conversion factors. For simplicity, in this docuinent, this number is denoted by ¢.

Explanat

ory remarks concerning quantities, equations and units in this document

In the field of electricity and magnetism, several systems of equations expressing the relations be-
tween physical quantities are used. As these equations have to be used only with corresponding
unit systems, it is necessary in this Introduction to refer to the different systems of equations
used in this field and their relation to the unit systems.

1) 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"'.
) International Electrotechnical Commission (IEC).
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Equations and quantities

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

1. Systems of equations with four basic quantities

In the cquations with four basic quantities, at least one electric quantity is included in the basic
set. In such a system the permittivity and the permeability in vacuo appear explicitly as physical
quantities in the relevant equations. Two different forms of equations, based on the same set of
four basic quantities, are in use:

I.1 The rationalized system of equations, called ““rationalized’’, because in these equations factors 4=

This rationalized system of equations is most commonly used in practical calculations in
physics and in electrical technology.

I. 2 |The non-rationalized system of equations, in which the factors 4m and 2n{often appear in
equations, where they would not be expected.

The equations and quantities given in the tables all belong to these two ‘systems of eqpations.
Wher¢ in the document there is a “rationalized’’ and a corresponding ‘“hon-rationalized” guantity,
the word “rationalized’” is generally omitted from the name of the fotmer. Non-rationalized |quanti-
ties age denoted in this document by symbols bearing a prime.

The yse of rationalized equations is especially recommended.

I1. Sydtems of equations with three basic quantities

Differ¢gnt systems of equations have heen developed for{electric and magnetic phenomena with only
three pasic quantities.

II. a |The electrostatic system of equations, defining the electric charge on the basis of Copilomb’s
law for the force between two electriccharges, by taking the permittivity in vacuo|to be a
dimensionless quantity, equal to upnity.

II. b |The electromagnetic system of equaltions, defining the electric currents on the basis of [the law
for the force between two telectric currents, by taking the permeability in vacuo fo be a
dimensionless quantity, equal to unity.

[I. ¢ |The symmetric system ‘of equations, using the electric quantities from system II. a, and the

magnetic quantities-from system II. b. As a result of combining the two sets of quantities, the
velocity of lightAmvacuo appears explicitly in some of the equations combining elec:rric with
magnetic quantifies.

Also for these(Systems of equations founded on three basic quantities two versions, a ratidnalized
and al non.rationalized version, are possible. However, only the non-rationalized version has been
commjonly used.

For reasons of brevity, only equations founded on four basic quantities have beenincluded inthe tables.
Since, however, in atomic and nuclear physics, a system of equations founded on three basic quan-
tities, in particular the “symmetric”’ system (Il.c), is commonly used, some of the essential equa-
tions of this latter system are given in the appendix, see page 18.

Units
The quantities occurring in the tables have to be measured in units belonging to a unit system

founded on four basic units. The following four basic units of the International System of Units are
used as the basic units for electricity and magnetism (MKSA system):

metre, kilogramme, second and ampere.

— 4 —
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The quantities occurring in the three systems of equations founded on three basic quantities have
to be measured respectively in units of

a. the electrostatic CGS system,
b. the electromagnetic CGS system,
c¢. the “symmetric”’ CGS system (or ““Gauss system’’),

each of which is founded on the three basic units:

Some uni

centimetre, gramme and second.

ts of the “symmetric’’ CGS system have been indicated in the remarks column.

In order to relate the units of these CGS systems to the corresponding units of the MKSA system,

the tables

contain also units of the following two systems:

A. the s
centi

B. the s
centl

where thd
The relat|
expressed|
and the b
CGS unit

the systems A and B, there are given in square brackets the namesyof the corresponding unit

the electr|
units are

The tabld

those of the system B for quantities related to magnetism.' This selection corresponds to the s

metric C(
metric”’ s
sponding

for the puirpose of giving its definition.

For the 1
quantities
not be us

tem founded on the four basic units:
tre, gramme, second and franklin,
tem founded on the four basic units:
etre, gramme, second and biot,

franklin and the biot are units of charge and current respectively, as defined in the tak
ions between the units of the systems A and B and those of the MKSA system can
in the form of equations with conversion factors which are pure numbers. The fran
iot correspond respectively to the electrostatic CGS unit of chargesand the electromagn
of current. From these correspondences others follow; beneath the names of the units

pstatic or the electromagnetic CGS systems. In the remarks column, these correspon
expressed in terms of CGS units of mechanics.

s contain in general the units of the system A for)quantities related to electrostatics

kS unit system’” (or <“Gauss system’”) which should be used in connection with the ‘s
ystem of equations II. ¢. A particular exception is the occurrence of the unit biot (co
to the electromagnetic CGS unit of electric current) item No. 5-1.c¢; where it is intrody

ationalized quantities, only the MKSA units have been given. For the non-rational
, the units of the systems Ar B are given. This does not imply that these latter units
ed for rationalized quantities.

les.

be
klin
etic
for
5 of
ling

and
[ym-
[y m-
rre-
ced

ized
can
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5. Electricity and Magnetism

Quantities
5-1.1...5-6.3
It,:: Quantity Symbol Definition') Remarks
dQ
5-1.1 | electric current I I= ar
5-2.1 | electfic charge, Q 0= S Idt
quantity of electricity
5-3.1 | volume density of charge, | ¢ Charge divided by volume.
charge density
5-4.1 | surfage density of charge (4 Charge divided by surface area.
5-5.1 | electgic field strength E, (K) Force, exerted by electric field on an
electric charge, divided by that charge.
5-6.1 | electric potential V, g For electrostatic fields, a scalar quan-
tity the gradient of which, with reversed
sign, is equal to the electric field strength.
5-6.2 | potential difference, U, (v) The potential difference between point 1
tension and point 2 is the line integral from 1 to 2
of the electric field strength.
5-6.3 | electromotive force E

') The statements in this column are given merely for identification and they are not intended to be complete definitions,

— 6 —
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5. Electricity and Magnetism

Units
51.a...5-6.b

Name of unit International |
l;le: ca:::;t:‘bizﬁzlt?on {sg;nubrﬁlt Definition ! Conversion factors Remarks
for this name l
|
5-1.a | ampere A The ampere is the unit of ‘ For details, see ISO Re-
electric current defined un- | commendation R 31/Part .
der that name by the Con- |
férence Générale des Poids |
et Mesures.

5-1.b | frankiin ger See definition 5-2.b. 1Frfs = 100" A 1 electrostatic CGS unit|of elec-
second, Fr/s = 3.33564 X 10 A tric current = 1 cfos ~gt . s—2
[correspdnds to = {1 Bi _ P O
the electfostatic =1 Srg” reme s ‘.:Q‘I Fris

. For velocity,of light in jvacuoc,
CGS uniq of 5.40 1
electric qurrent] see ’
c¢=\{'cm/s and
£ = 299792 x 10f°
For’{,see Introduction.
15-1.c | biot, Bi This unit of electric current | 1 Bi =10 A 1 electromagnetic CGS|unit of
[correspgnds to isthat constant current which, i electric current
the electfomag- when maintained in two pa- =1em¥ gt s~ = 1dyn 1 Bi
netic CG} unit of rallel rectilinear conductors
electric qurrent] of infinite length and of neg- 1 biot is equal to 1 decahmpere.
ligible circular cross-section
and placed at a distance of
1 centimetre apart in vacuo,
would produce between
these conductors a force
equal to 2 dynes per centi-
metre length,
5-2.a | coulomb C 1C=1A:s
*

5-2.b | franklin, Fr This unit of charge fis)that |1 Fr = 10{" C 1 electrostatic CGS unit|of elec-
[correspdnds to charge, which exerts on an = 333564 x 10" C tric charge = 1 cm? - gd. s
the electfostatic equal charge at a'distance of =" Bi-s —~1ergt-emiantFr
CGS unif of 1 centimetrejin vacuo a force - 8 -
electric charge] of 1 dyne. For £, see Introduction

5-3.a | coulomb per C/m?
cublc metre

5-4.a | coulomb per C/m?
square mptre

5-5.a | volt per metre V/m 1V/m =1NJC

*

5-5.b | dyne perfranklin, 1dyn/Fr =10-4{ V/m 1 electrostatic CGS unit] of elec-
dyn/Fr =299792 X 10° V/m | tric field strength
[corresponds to =1cm*-g¥-s-'2 1dyn/Fr
the electrostatic
CGS unitofelectric For £, see Introduction.
field strength]

5-6.a | volt v 1V =1W|A 1V =1m2kg-s? A"

For watt, see 3-23.a,
ISO/R 31/Part Il
&

5-6.b | erg per franklin, 1erg/fr =10°0 V 1 (_electrosta‘tic CGS unit of elec-
erg/Fr = 299792 x 102 V tric potential
[corresponds to =temt.gt. s D terglFr
the electrostatic
CGS unitofelectric For , see Introduction.
potential]

* See Introduction, Special remarks.

+ This is not contained in the relevant IEC publications.
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Quantities 5. Electricity and Magnetism (continued)
5-7.1...5-16.1

Ilt\fg‘ Quantity Symbol Definition') Remarks
s | :
5-7.1 | displacement, D The displacement is a vector quantity,
(rationalized displacement) the divergence of which is equal to the
charge density.
. i
5-8.1 | non-rationalized D’ The non-rationalized displacement is a | This quantity is sometimes called
displacement vector quantity, the divergence of which | electric induction.
is equal to 4 times the charge density. | D’= 4nD
5-9.1 | elegtric flux, L' The electric flux across a surface element
fluq of displacement, is the scalar product of the surface element
(fluk of rationalized and the displacement.
] displacement)
¥5.10.1 flus of non-rationalized ' The flux of non-rationalized displacement | ¥'= 4x ¥
displacement across a surface element is{ the scalar
product of the surface eleiment and the
non-rationalized displacement.
5-11.1] cappcitance Cc Charge divided by potential difference.
5-12.1| permittivity € Displacement divided by electric field
strength.
5-12.2| penmittivity of vacuum £ g, = 10" {2 (4n)™" Flm
= 8.85419 x 107"* k/m
*
5-13.1| nog-rationalized 4 Non-rationalized displacement divided by | &’ = 4rme
pefimittivity, electric field strength.
LJ
5-13.2| nop-rationilized &y e, = 4mey= 1 Fr3/(erg|- cm)
perImittivity of vacuum
5-14.1| relative permittivity &r & = &ley This quantity is dimensionless.
& = &g ¥)
+5-15.1 electric susceptibility Ze Ye = &r—1 This quantity is dimensionless.
*
5-16.1! non-rationalized % 2 = (er—1)[4n This quantity is dimensionless.
electric susceptibility o' = (4m) 1 %

) See footnote on page 6.
* See Introduction, Special remarks.
1 This is not contained in the relevant IEC publications. — 8 —
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5. Electricity and Magnetism (continued)

Units
5.7....513.a
|
{ Name of unit International (
Item and in certain symbol | L. ! R
No. ! cases abbreviation for unit ‘ Definition ‘ Conversion factors ‘ Remarks
for this name | ] |
5-7.a \ coulomb per C/m? ‘ i
square metre \ ;
| | 1 ‘
1 | ) | |
* ‘ 1 B 7‘7 o o B i
5-8.a ‘ franklin persquare‘ ‘ ‘ 1 electrostatic CGS unit of dis-
i centimetre, Frfcm?| ‘ i placement
[i:lorrtlasponds to | | —1 cm“*'g’*"s*’ﬁ1 Frjem?
the electrostatie— \ \AdL =Tati jized dis-
| CGS unif of 1 | ‘ placement is equal fo 1 Frfem?,
displacement] ] E‘ the corresponding displacement
is equal to:
’ : 105 ¢! (47) 'C/m?
| ‘ = 265442 1071 C/m?
I ‘ ‘ For £, see’Introduction.
59.a | coulomb . C 1 ‘
| |
* : o o T ) D o =, 0
5-10.a) franklin,|Fr 1 i 1 electrostatic CGS un|t of flux
[;orrfsponds to : of displacement*
the elecfrostatic =1cmi gl -s—141Fr
| CGS une of flux ‘ When the fluxg of non{rational-
| of displacement] | ‘ ized displacement is pqual
! pqual to
‘ - 1 Fr, the corresponding flux of
. i displacement is equal qo:
( 10,7 (4n)*' C
! = 2.65442 x 1P C
| ' Forﬁ;, see Introductiofp.
5-11.a| farad F 1F=1C/V ‘
N ‘
5-11.b| franklin [squared 1Fr2ferg = 10°;2 F 1 electrostatic CGS unjit of ca-
per erg,|Fr2ferg = 1.11265x 102 F pacitance = 1 cm 2> 1 fr2ferg
[corresponds to
the elecfrostatic For £, see Introductiop.
CGS unft of
capacitafice]
!
5-12.a| farad pe| metre F/m
- 1
B-13.a| franklin|squared | 1 electrostatic CGS unft of per-
per erg| centi- mittivity = 1221 Fr?/{erg * cm)
mgtre, When the non-rationaljzed per-
Fr?/(erg|cm) mittivity is equal to
[corresdonds'to 1 Fr2/(erg- cm)
?éselectros'tatic ] the corresponding pefmittivity
unreor I to:
permittivity] | 1%%”2—-2 <()47.:)—1 Flm
l =8.85419 X 1072 Fm
‘ For ¢, see Introduction.
| - o
| | |
‘ l
o |
|
i : | |
| !

* See Introduction, Special remarks.
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5. Electricity and Magnetism (continued)

Quantities
5-17.1...5-251
Irt::\ Quantity Symbol Definition ') Remarks
|
I
5-17.1| electric polarization P P=D - ¢E P=@An)*(D'—¢, E)*%
5-18.1| eledtric dipole moment s (pe) The electric dipole moment is 2 vector |
quantity, the vector product of which
with the electric field strength is equal
to the torque.
5-19.1} curfent density J, (S) A vector quantity the integral of which.’
over a given surface is equal to thecur- |
rent flowing through that surface.
5-20.1] linepr current density A, () Current divided by the breadth’ of
conducting sheet.
5-21.1| magnetic field strength H The magnetic field strength is a vector
quantity, the curl (rotation) of which is
equal to the currentdensity, including the
displacement current.
: . -
5-22.1| nontrationalized H' The nonérationalized wmagnetic field | H' = 4n H
magnetic field strength strength\is a vector quantity, the curl
(rotation) of which is equal to 4% times
the“current density, including the dis-
placement current.
5-23.1| magnetic potential Unm The magnetic potential difference be-
difference tween point 1 and point 2 is the line in-
tegral from 1 to 2 of the magnetic field
strength.
5-23.2] magnetomotive force F, Fm F = §Hsds
5-24.1| magnetic flux density; B The magnetic flux density is a vector
magnetic induction 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.
5-25.1] magnetic flux D The magnetic flux across a surface ele-
ment is the scalar product of the surface
element and the magnetic flux density.

) See footnote on page 6.
* See Introduction, Special remarks.

— 10 —



https://standardsiso.com/api/?name=690d3f390569a386ca569fb4448e074d

. Electricity and Magnetism (continued)

Units
5-17.a...5-25.b

|

om | NS e |

No. | cases abbreviation ff));":]t:]?tl i Definition | Conversion factors \ Remarks

for this name ‘ |
‘ ‘ \

5-17.a. coulomb per C/m?2 \ |

square metre ! )
*

5-17.b| franklin per square P4 Frfem? = 10507 Cfm? | 1 electrostatic CGS unit of elec-
centimetre, Fr/cm? ! = 3.33564x10* C/m? | tric polarization
[corresponds to i —1cem-?- g% -2 1 Frjem?
the electrostatic o
CGS upit-of-etec For—t—see—introductipn.
tric pofarization]

5-18.a| coulon}b metre \ C'm :

* ; :

5-18.b; franklip centi- 1Freem=10"{"'C-m 1 electrostatic CGS upit of elec-
metre,|Fr- cm ‘ = 3.33564x107'2C - m| tric dipole“moment
[corredponds to | | = 1emP g¥ s 2 1|Fr-em
the elgctrostatic ;

CGS upit of elec- For £, see Introductipn.
tric dipole \
momeijt] ! : v

5-19.a] amperg per l Alm? | | ~ |
square|metre ’ | ! ‘

: i o y L .

5-20.a| amperg per metre | A/m | \ l

. e S ‘ 3 _
5-21.a} amperg per metre | A/m “ j
|
| | |
. | |
I I S R
. , o | 10e =1em-t-gisf

5-22.a) biot pgr centi- g=lcm " gtrs
metre,| Bifcm ‘ = 1dyn?-cm~1£1 Bifcm
[corregponds to | -rationdli -
the oefsted, Oe, netis feld serengeh 1 oqual o
the eldctromag- 1Bi g %q

- : Bifcm, the corresponding mag-
:\e:'f]: iCc%Sﬁ:lr:IIt of netic field strength i§ equal to
strgm b ‘ 10° (4m)t Ajm = 79.5775 Ajm

5-23.a) amper A Sometimes called “ampere-turn”.

5-24.a) tesla T 1T=1Wb/m2=1V's/m? This unit is also called weber

per square metre.
* 1
5-24.b dynq per biot 1 dyn/(Bi-cm) =10-*Wb/m? 1Gs= 1‘cm—f-gf-s—
;;‘17(8 -tg:) =1dyn®-em—' 21 dyn/(Bi - cm)
[corredporids to G is used in physics.
the galss; Gy, G; The name gauss Is also used for
the electromagne- the unit 107 tesla.
tic CGS unit of
magnetic flux
density]
5-25.a] weber Wb 1Wb =1V:s
* s 1

5-25.b| dyne centimetre 1 dyn-cm/Bi = 10® Wb fMx=1cm?-gz:s!
per biot, 21 dyn * cm/Bi
gcy:r;::;;éa B;: ds to The name maxwell is also used

P -8
the maxwell, Mx, for the unit 10® weber.
the electromagne-
tic CGS unit of
magnetic flux]

* See Introduction, Special remarks.

_—11 —
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5. Electricity and Magnetism (continued)

Quantities
5-26.1...5-37.1
I;f;“ Quantity Symbol Definition?) Remarks
5-26.1| magnetic vector potential | A The magnetic vector potential is a vector
quantity, the curl (rotation) of which is
equal to the magnetic flux density.
5-27.1| self inductance L The magnetic flux through a loop, caused
by the current in the loop, divided by
this current.
5-27.2; mutyal inductance ML, The magnetic flux through a loop, due to
the current in another loop, divided by
this current.
5-28.1| coufling coefficient k, (», k) k=1L, 3/|/L1 L, Thése.quantities are dimensionless.
5-28.2| leakige coefficient o c=1—-1
\ 1 o
5-29.1" permeability B Magnetic flux density divided by magnetic |
field strength.
5-29.2| pernpeability of vacuum Ko Ho = 4n-107 H/m
) = 1.256 64 X 10* H/m
*5-30.1\ non4rationalized u Magnetic flux density divided by non- | u’ = (47)~'u
© perreability rationalized magnetic field\strength.
. ;
5-30.2| non-rationalized o' o = (4m)~'u, = 1 dyn[Bi?
perrpeability of vacuum
5-31 .1' relative permeability Hr e = ufu, This quantity is dimensipnless.
1 Hr = [ /,uol )
5-32.1; magmetic susceptibility ®, K %= pr—1 This quantity is dimensignless.
x
5-33.1| non-rationalized #, K % = (ur —1)/4n This quantity is dimensionless.
magnetic susceptibility s = (Am) ke
t
|
5-34.1| elecfromagnetic moment m The electromagnetic moment is a vec-
(magnetic moment) tor quantity, the vector product of
which with the magnetic flux density is
equal to the torque.
i
5-35.1,‘ maghetization H, M H; = (Blu,) —H H; = (4n)=* (Bluy — H|) %)
\
5-36.1’ magnetic polarization B, J By =B—puH
\
*
5-37.1) non-rationalized J’ 4nJ' = B —uo H’ J'= 4n)' By
magnetic polarization

') See footnote on page 6.
* See Introduction, Special remarks.
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5. Electricity and Magnetism (continued)

Units
5-26.a...5-37.a

Name of unit .
Item and in certain International
o symbol Definition Conversion factors Remarks
No. | cases abbreviation f .
for this name or unit
5-26.a) weber per metre | Wb/m
5-27.a| henry " H 1H=1Vs/A
= 1Wb/A
*
5-27.b| erg peJ;biot 1 erg/Bi2 = 10-?H 1 electromagnetic/CGS unit of
squargd, erg/Bi? inductance =(Tycm £ 1 ergf Bi2
[correfponds to
the elgctromagne-
‘ tic CQS unit of
! inducthnce]
5-29.a| henry per metre | H/m 1Him=1 V-s/(A- m)
= 1 Wb/(A-m)
3 - . — —
5-30.a; dyne ger biot 1 electromagnetic CGS unit of
squared, dyn/[Bi? permeability = 1221 dyn/Bi?
[corresponds to When the non-rationplized per-
the eldctromagne- meability is equal tg 1 dyn/Bi2,
tic CGS unit of the corresponding pg¢rmeability
permepbility] is equal to:
47-10"7 H/m
= 1.256 64 x 107 H /m
|
5-34.a| amper¢ metre A-m?
. square|
5-34.b| biot cgntimetre 1 Bi-cm2? = 102 A-m? 1 electromagnetic CES unit of
squarefd, Bi-cm? electromagnetic moment
[corregponds to —1emb-gi.s-' 2 1Bi-em?
the elgctromagne-
tic CGS unit of
electrdmagnetic
momept]
5-35.a| ampereper'metre | Alm
5-36.a) tesla T 1T = 1Wb/m? |
=1V -s/m? i
*5-37.a dyne per biot 1 electromagnetic CGS unit of
centimetre, magnetic polarization
dyn/(Bi-cm) =1 cm—i'g*'s—‘ 21 dyn/(Bi-cm)
[corresponds to When the non-rationalized mag-
the electromagne- netic polarization is equal to
tic CGS unit of 1 dyn/(Bi-cm), the correspond-
magnetic polari- ing magnetic polarization is
zation] equal to:
4m-10T

= 1.256 64x10°T

* See Introduction, Special remarks.

— 13 —


https://standardsiso.com/api/?name=690d3f390569a386ca569fb4448e074d

5. Electricity and Magnetism (continued)

Quantities
5-38.1...5-48.1
[
I;f:‘ Quantity i Symbol Definition') Remarks
i |
| : ! ‘
‘ ; |
[
1'5-38.1\ electromagnetic \ w | Electromagnetic field energy divided by
' energy density ! { volume.
5-39.1| Poynting vector ‘[ M ‘ Flux density of electromagnetic field The Poynting vector is equal to
\ . energy. the vector product of electric field
; | strength and magnetic field strength.
I 1
S , I SN, B
5-40.1} velofity of propagation of | ¢ c = __1: £)2.997 925|x 10° ms
electromagnetic waves in €0 o
vacup (“standard error” + 3 %102 m/s)

J. WM. Du Mond and E. R. Cohen,

Recommended Values of|the Physical

Constants-1963, IUPAP [Commission

on Nuclidic Masses, Dge. MN 632-

_Sept. 4, 1963.

Sometimes the symbol ¢ is used for
| the phase velocity in al medium, in
| which case ¢, may be gsed for the

) ] - ) b - velocity in vacuo.
5-41.1| resistance R Electric potential difference divided by
{to direct current) current when there is'no electromotive
force in the conductor.
i - S | I _
5-42.1] conductance | G G = 1JR ‘
(to direct current) ‘
B I -
|
5-43.1| resistivity [} Electric field strength divided by current
density when there is no electromotive
\ force in the conductor.
5-44.1| conductivity ¥,06 = 1fe
5-45.1} relugtance R, Rm Magnetic potential difference divided by
magnetic flux. |
! J ~
5-46.1| pernmpeance A, (P) A=1[Rm
5-47.1) numper-of turns in N ’ These quantities are dimensionless.
winding
5-47.2| number of phases m
5-47.3| number of pairs of poles | p
S v ; -
5-48.1| phase displacement @ When U = Um cos wt | This quantity is dimensionless.
and I = Iy cos (wl—g) wi—q is called the phase of I.
then @ is the phase displacement.
E

1) See footnote on page 6.
1 This is not contained in the relevant IEC publications.

— 14 —



https://standardsiso.com/api/?name=690d3f390569a386ca569fb4448e074d

5. Electricity and Magnetism (continued)

Units
5-38.a...5-46.a
Item a':c? Tnecc;fr:;;:: International | 1
o symbol Definition i Conversion factors Remarks
No. | cases abbreviation P .
- or unit
for this name i
i
- | 1
5-38.a| joule per J/m? i
cubic metre \ i
|
- - - ] — e e :
5-39.a| watt per square | W/m? \
metre ‘
|
5-40.a| metre per second | m/s
"5.40.b| centimptre cm|s
per segond
‘) i
\ ‘
\ !
5-41.aj ohm Q 12=1V/[A
5-42.a) siemen S ) 1S=1A)V ‘\ 1§=1¢1
' also called reciprocal ohm
| or mho.
- —_— —_— — \ — —_ e — -
| \
5-43.a) ohm metre Q-m i |
‘ i
. R\ — S N i -
5-44.a siemen S/m |
per metre 1
5-45.a| reciprofal henry | H" ‘ i
\ %
5-46.a! henry H
|
Al - — 1 - _ -
\
|
|
— S S —— ’7 _— —— —_— —— _— ‘ _— -
| ?
| | |
| !
1 ! ;
k ;
| \ ! \
\ . 1 J
; ' 1 \

* See Introduction, Special remarks.
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Quantities
5-49.1...5-54.1

5. Electricity and Magnetism (continued)

Item

Tott Uest =8
Tetr Uegp cosp = P
Tetr Uerr' sing = Q

No Quantity Symbol Definition') Remarks
5-49.1| impedance, VA The complex representation of potential | Z = |Z| e =R+ jX
(complex impedance) difference divided by the complex repre- L VRE T V2
sentation of current. Z) = VR + X2
5-49.2) modulus of impedance, A When X = oL —1/(wC),
(impedance) oL and 1/(wC) are called inductive
reactance and capacitive reactance
respectively.
5-49.3| reactfnce Imaginary part of impedance.
5-49.4| resistance R Rea!l part of impedance. Compare 5-41.1.
5-50.1| quality factor 0 Q= |X|/R This quantity, is' dimensiopnless.
5-51.1) admiftance, Y Y=1/Z Y &ye =gl R-IX
(complex admittance) 1z
5.51.2 modylus of admittance, Y| Y| =)/G*+ B
(adm]ttance)
5-51.3| susceptance B Imaginary part of admittance.
5-51.4| condflictance G Real part of admittance. Compare 5-42.1.
5-52.1| active power r When Uest and Ie; are calied dhe effective
U= Un cos wf = Y2 Ut cos wt values of potential difference and cur-
5-53.1| appatent power S, (Py) and rent respectively.
I'= Im cos(wt—p)= J/2 Letecos (0t —) | The name “power factor] is used for
5-54.1| react|ve power Q. (Py) then the quantity P[S.

1) See footnote on page 6.
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