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PREFACE

This Standard was prepared by the Standards Australia Committee on Symbols, Units and Quantities
for Electrotechnology. It is identical with and has been reproduced from IEC 27-3 (108&gr
symbols to be used in electrical technolodart 3:Logarithmic quantities and units.

This Standard is the third part of a series which deals with letter symbols used in the electrical field,
viz.:

AS

1046 Letter symbols for use in electrotechnology

1046.1 Part 1General

1046.2 Part 2Telecommunications and electronics

1046.3 Part 3Logarithmic quantities and units

1046.4 Part 4Symbols for quantities to be used for rotating electrical machines.

Under arrangements made between Standards Australia and the International Standards bodies, 1SO
and IEC, as well as certain other Standards organizations, users of this Australian Standard are
advised of the following:

(&) Copyright is vested in Standards Australia.

(b) The number of this Standard is not reproduced on each page; its identity is shown only on the
cover and title pages.

(c) There may be occasional dual language sections, but English is always one of the languages
reproduced.

For the purposes of this Australian Standard, the IEC text should be modified as follows:
(i) Decimal markerSubstitute a full point for a comma as a decimal marker.
(i) Reference®keplace references to International Standards by references to Australian Standards

as follows:
Reference to International Standard Australian Standard
IEC AS
50 International electrotechnical vocabu- 1852 International electrotechnical
lary (IEV) vocabulary

50(702) Chapter 702: Oscillations, signals and —
related devices (in preparation)

ISO
31 General principles concerning quan- 2900 Quantities, units and symbols
tities, units and symbols
31-11 Part 11: Mathematical signs and 2900.11 Part 11: Mathematical signs and sym-

symbols for use in the bols for use in the physical
physical sciences and sciences and technology
technology
2382 Data processing— Vocabulary 1189 Data processing— Vocabulary
2382-16 Part 16: Information theory 1189.16 Part 16: Information theory

U Copyright— STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsists in all Standards Australia publications and software. Except where the

Copyright Act allows and except where provided for below no publications or software produced by Standards Australia may be
reproduced, stored in a retrieval system in any form or transmitted by any means without prior permission in writing|from

Standards Australia. Permission may be conditional on an appropriate royalty payment. Requests for permission and information on

commercial software royalties should be directed to the head office of Standards Australia.

Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use
exclusively in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.
Standards Australia will also permit the inclusion of its copyright material in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that material used is from the current edition of the Standard and that it is updated whenever the

Standard is amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of material in print form or in computer software programs to be used commercially, with or without payment, |or in
commercial contracts is subject to the payment of a royalty. This policy may be varied by Standards Australia at any time.
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STANDARDS AUSTRALIA

Australian Standard

Letter symbols for use in electrotechnology

Part 3: Logarithmic quantities and units

SCOPE AND INTRODUCTION
This standard applies to logarithmic quantities and units.

Quantities that can be expressed as the logarithm of a dimensionless quantity, such as the ratio of two
physical quantities of the same kind, can be regarded and treated in different ways. In many cases,
differences in principle do not affect the practical treatment.

Logarithmic quantities are here treated in a way that makes it possible, for example, to express the
attenuation of a certain linear two-terminal network by the equally valid expres#iond,6 nepers

= 4,0 bels = 40 decibels, where 4,6, 4,0 and 40 are regarded as numerical values and “neper”, “bel”
and “decibel” as units with specified relationships.

The fact that this standard is based on certain principles and assumptions implies no opinion whether
any other principle or assumption is “right” or “wrong”. This standard relates to the handling of
logarithmic quantities, without regard to their interpretation or specific application.

The fact that only some logarithmic quantities are particularly dealt with here does not imply that

other logarithmic quantities do not exist. It is possible that other logarithmic quantities will be
particularly dealt with in a later edition or separately.

1. Logarithmic quantities

1.1 General

logarithmic quantity

A quantity expressed as the logarithm of the ratio of two quantities of the same kind (two voltages,
two powers, two frequencies) or as the logarithm of any dimensionless quantity. For a complete
definition of a logarithmic quantity, the base of the logarithm shall be specified.

In the set of logarithmic quantities can also be included quantities which are derivatives of a
logarithmic quantity, or quotients of a logarithmic quantity and another quantity. An example of such
a derivative is the attenuation coefficient (see Sub-clause 4.3).

The logarithmic quantities particularly dealt with here are transmission path quantities, levels,
frequency intervals and decision content.

For transmission path quantities and levels, one must deal with two sets of the quantities to whose
ratios the logarithmic quantities correspond, namely field quantities and power quantities.

Field quantityis a quantity such as voltage, current, sound pressure, electric field strength, velocity
and charge density, the square of which in linear systems is proportional to power.

Power quantityis power or a quantity directly proportional to power, e.g. energy density, acoustic
intensity and luminous intensity.
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A field quantity may be expressed by a complex number. In this case, the concept of a logarithmic
guantity applies to the logarithm of the modulus and therefore always to a real number.

The logarithmic quantities in this standard are given in a general way, unless specified otherwise. In
a given field, logarithmic quantities with narrower definitions can be given. Such quantities can have
names corresponding to this, e.g. power level, absolute voltage level, noise level, insertion loss,
balance-return loss. Their letter symbols can also correspond to thid, efgy. “field-strength level”

and A, for “insertion loss”.

It should further be observed that the value of some logarithmic quantities may be impe-
dance-dependent and that therefore the value of such quantities without adequate information about
impedance can be meaningless or misleading.

The definitions for different quantities are followed by simplified definitions after “In short”. These
simplified definitions are obviously less rigorous than the preceding definitions and in some respects
incomplete.

In the definitions, the expression “log” represents a logarithm without a specified base (see
ISO 31-11). The following conventions (also ISO 31-11) are used to denote logarithms with different
bases:

log, X = 1b x
log,, X = 1g x
log, x = Inx

1.2 Transmission path quantities

A transmission path may be intentional or parasitic and may include reflections, line-discontinuities,
etc.

1.2.1 Total quantities

attenuation; losqof a given transmission path)

A quantity for the property of a transmission path to decrease the strength of a wave passing along
it, expressing the property as the logarithm of the ratio of an appropriate value of an input quantity
of the wave and the corresponding output quantity value.

In short: log (input/output)

This quantity is applicable to transmission lines, attenuators, pads, filters, reflection points, crosstalk
paths, absorbing glass plates, etc.

amplification; gain(of a given transmission path)

A quantity for the property of a transmission path to increase the strength of a wave passing along
it, expressing the property as the logarithm of the ratio of an appropriate value of an output quantity
of the wave and the corresponding input quantity value.

In short: log (output/input)

This quantity is applicable to amplifiers, amplifying circuits, etc.

gain (relative to a reference transmission path)

A quantity for the property of a transmission path under consideration to make a wave passing along
it stronger than it would be if passing along a reference transmission path with the same input,
expressing the property as the logarithm of the ratio of an appropriate value of an output quantity of

the wave passing along the path under consideration and the corresponding output quantity value of
the wave passing along the reference path.
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In short: log (output of considered path/output of reference path)

This quantity is applicable to aerials, loudspeakers, microphones, etc. Examples of wave quantities
are power intensity, electric field strength, pressure.

1.2.2 Local quantity

attenuation coefficient

A quantity for the property of an infinitesimal part of a continuous transmission path to decrease the

strength of a passing wave, expressing the property as the derivative of the attenuation with respect
to path length.

In short: (attenuation overgyds, where & is an infinitesimal part of the transmission path.

1.3 Levels

level; absolute level

A quantity corresponding to afield quantity or a power quantity under consideration, expressed as the
logarithm of the ratio of the quantity under consideration and a specified reference value of that

guantity.

The reference value in a given case, e.g. 1 mW shall be known or indicated.

In short: log (considered value of a quantity/specified reference value of the quantity)

level difference; level

The difference between two absolute levels, i.e. a “level” with respect to an unspecified reference
value.

In short: log (considered value of a quantity/other considered value of the same quantity)
relative level

The difference between the level of the quantity under consideration and the corresponding level of
that quantity at a reference point

In short: log (considered value of a quantity/corresponding value of that quantity at a reference point)
The reference point, which may be real or virtual, shall be known or indicated.

1.4 Frequency interval

frequency interval

A quantity expressing the relationship of two frequencies as the logarithm of the ratio of the higher
frequency and the lower frequency.

In short: log (higher frequency/lower frequency)
1.5 Quantities related to information content
decision conten{IEV 702-04-17%)

The logarithm of the number of decisions needed to select a given event among a finite number of
mutually exclusive events.

In short: log (number of events)

* International Electrotechnical Vocabulary (IEV). IEC Publication 50(702) (in preparation).
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2. Units for logarithmic quantities

It should be observed that a unit for a category of quantities is a quantity of this category chosen for
reference. Thus, the unit for attenuation is the logarithm of a particular ratio between the input
guantity and the output quantity; this ratio forms the base of the corresponding logarithmic scale.
2.1 Neper and bel

2.1.1 The neper and the bel are units for such logarithmic quantities as are expressed as the logarithm
of the ratio of the absolute values of two field quantities or of two power quantities.

The use of the neper is usually restricted to theoretical calculations, when this unit is most convenient,
whereas in other cases the bel, or more often the submultiple decibel, is usually used.

2.1.2 The bel (B) is the logarithmic reference quantity which for a ratio of two power quantities
corresponds to the ratio 10, and for a ratio of two field quantities corresponds to the/ifXio

2.1.3 The neper (Np) is the logarithmic reference quantity which for a ratio of two field quantities
corresponds to the ratio e and for a ratio of two power quantities corresponds to the’ratio e

2.1.4 The following relations are applicable:

1 neper = 2 1g e bet+ 0,8686 bel
1 bel = 0,5 1n 10 nepers 1,151 neper

The neper and the bel can be embodied in standards, e.g. for the attenuation of a transmission line,

in the form of pads; for light, in the form of absorbing glass plates. A 1-bel standard for attenuation
in a transmission line makes the output power 1/10 of the input power and makes the output voltage

and current/1/10 of the input voltage and current. A 1-neper standard for attenuation in a
transmission line makes the output voltage and current 1/e of the input voltage and current and makes
the output power 1feof the input power.

2.1.5 When coherence with the Sl is required, natural logarithms shall be used. Coherent units for
the complex ratio of field quantities are the neper (logarithm of the modulus) for the real part and the
radian for the imaginary part.

2.2 Octave and decade

The octave and the decade are units for frequency intervals.

The octave is the frequency interval which corresponds to the frequency ratio 2.

The decade is the frequency interval which corresponds to the frequency ratio 10.

1 octave = 1g 2 decades 0,3010 decade
1 decade = 1b 10 octaves 3,322 octaves

2.3 Shannon, hartley and natural unit of information

These are units of logarithmic measure of information quantities expressing the decision content,
denotedH,.(ISO 2382-16[16.03.01].)

The shannon, corresponding to two events, applies to numerical values expressed as binary logarithms.
Symbol: Sh.
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The hartley, corresponding to 10 events, applies to numerical values expressed as decimal logarithms.

The natural unit of information applies to numerical values expressed as natural logarithms.
Abbreviation: NAT.

Example:
For the number of mutually exclusive events equal to 3, then:

H, = 1b 3 shannon = log3 shannor= 1,585 shannon = 1,585 Sh
H, = 1g 3 hartley = log, 3 hartley= 0,477 hartley
H, = 1n 3 natural unit = log3 natural unit= 1,098 natural unit

Hence:

1 hartley = 1b 10 shannow® 3,322 Sh
1 natural unit of information = 1b e shannen1,443 Sh

2.4 Multiples of units

Decimal multiples and submultiples of the above units can be designated by adding the usual prefixes,
e.g.:

1 decibel = 0,1 bel; 1dB=0,18B

The decibel is more frequently used than the bel.

1 millineper = 0,001 neper; 1 mNp = 0,001 Np

3. Numerical values of logarithmic quantities

Physical quantities can be represented as products of numerical values and appropriate units.

For a quantityA with a chosen unit symbolized byA] and the corresponding numerical value
symbolized by A}, we have:

A={A[A] or {A}= A[A]

In practice, the choice of units is very restricted and for the logarithmic quantities dealt with here few
units beyond those mentioned in Clause 2 are in use.

If for a logarithmic quantity we use this relationship between quantity, numerical value and unit, the
numerical value can be obtained as shown in the following example for an attenuatidihe
attenuation is assumed to refer to a non-transforming transmission path with the,fagioveen an
input field quantity and the corresponding output quantity and may be represented as:

A=1nr; Np

so that the numerical value & is 1nr;, whenA is measured in nepers. This can be expressed as
{A}y, = 1nr.. If we wish to obtain the numerical value 8f whenA is measured in bels, i.e A},

we shall note that the bel, used with ratios of field quantitigscorresponds to the ratigl0

Thus:

_ A _ g _ lgr _21gr _
[4] 1B 18@ 0.5 1g 10 1g 10

21gr;=21ge 1nr; =2 x 0,4343 1nr; = 0,8686 1mr;
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Observe that the numerical value relative to one unit is easily converted to the value appropriate to
another unit. This is usually done by means of the relations between units (see Clause 2).

4. Logarithmic quantities with units

It should be observed that, when there is an impedance transformation, it is necessary to distinguish
between different but related logarithmic quantities, one referring to the ratio between the power
guantities and at least two others to the ratios between the two corresponding field quantities.

In the equationsF denotes a field quantity and denotes a power quantity, with the corresponding
subscripts ) and ). (The subscripP without parentheses will be used to indicate active power.)
In practical cases, the field quantiByshould be replaced by the field quantity of interest, &lgor
voltage,l for current,E for field strength,p for pressure; the power quantiB/should be replaced by
the power quantity of interest, e.§.for apparent power an® for radiant flux.

In Sub-clause 4.1, equations are given both for the general case where there may be an impedance
transformation and for the case without impedance transformation. Although many different
attenuations are given in Sub-clause 4.1, others also exist (e.g. available power attenuation, apparent
power attenuation) which can be more or less directly derived from those mentioned.

In Sub-clauses 4.2 to 4.5, equations are given only for the case without impedance transformation, but
equations for the general case with impedance transformation can be obtained in the same way as in
Sub-clause 4.1.

The equations in Sub-clauses 4.1 and 4.2 refer to transfer from 1 to 2 or to comparison between 2 and
1, with 1 as the basis.

4.1 Attenuation A

Power quantity attenuatiomp.
Field quantity attenuationA,.
For transfer from 1 to 2, they can be expressed as:

P
Ap = 1g B=101g| ! Np
2

P
dB =05 1 1L
Pz

il
2

Ag =2 1g B=1n| 2| Np
2

1
F,

In certain cases, we do not have only one power quantity and one field quantity. For an electric
transmission path, we can have two field quantity attenuations, one corresponding to the ubltage
and one corresponding to the current We can further have one power quantity attenuation
corresponding to the apparent pow&rand one corresponding to the active power These
attenuations are here denoted:

voltage attenuationA;

current attenuationA;
attenuation of apparent powety
attenuation of active poweA..
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We obtain:
2 U U
A,=21g|— | B=201g — | dB=1n—| Np
u, U, U,
I I
A=21g|2| B=1n2| Np
Iﬂ. Iﬂ.
s s s
A;=1g|Zt|B=101g/ 2| dB=051n2t| Np
S, S, S,
A =19 ﬁ B:0,5lnﬁ Np
2 2
When 7 = " i.e. when there is no impedance-transformation from 1 to 2, we have only one
1 2

attenuation

A=Ap = Ag = A=A =A= A

U, U,
In the general case WIthI— :1ZT =27, |U,| =S| and | U,l,| = |S,]

1 2
we obtain:
As=0,5 Ay + A)
z, 2
As—A,=1g|—=|B=051n] =] Np
Z 1
Zl 1
As—A =1g|— ([ B=0,51nf —| Np
2 2
Zl — 1
A,-A=21g|—=|B=1nl—=—| Np
2 2
4.2 Gain G

Power quantity gainGg,.
Field quantity gainGg.

For transfer from 1to 2 or for comparison between 2 and 1, with 1 as base, they can be expressed as:

P P
Gp=1g|-2|B=101g 2| dB=051p-2| Np
P, 1 P,
Fy Fy
Grpn=21g9|—=—| B=1n|—=| Np
1 Fy
When there is no impedance transformation
G =Gy =G
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4.3 Attenuation coefficientr

For a continuous transmission patn,= % wheres is path length in the direction of propagation,
dsis the length of an infinitesimal part of the path andlid the corresponding attenuation.Afrefers

to a certain attenuation, e.g. a voltage attenuation, thewfers to the corresponding attenuation
coefficient, i.e. here an attenuation coefficient for voltage. In most cases, when the transmission line
does not transform the impedance, the different attenuation coefficients coincide.

Examples of unit: Np/m and B/m.
4.4 Level, absolute level L
Power quantity levell ).

Field quantity level:L,.
WhenP,; and F,; are reference values, the levels can be expressed as:

ref ref

Ley=1g| £ | B=1019| £ | aB=0514-2 | Np

L(F):Zlg‘i‘ B=1n i‘ Np

F F,

When there is no impedance transformation
L=Le=Le

For a field-strength levdl., whereE is the electrical field strength, being a “field quantity”, wil,,
as reference value, we obtain with units bel and decibel:

LEzzlg[i] Bzzolg[i] dB
Et Et
If E=1 pV/m andE,;=1 nV/m
L,=21g( 1BYM ) g -5 14108 =2(-3) B=-6 B =—60 dB
1 nV/m
4.5 Relative level |
Without impedance transformation, we obtain:
F
o

P

0

L, =1n Np =0,5 1n B

F
Np = 1d =—
e

B = 21*;£
FO

where F, and P, are values at a reference point. The reference point, which may be real or virtual,
shall be known or indicated.

For cases with impedance transformation, compare Sub-clauses 4.1, 4.2 and 4.4.
4.6 Frequency interval

The frequency interval is here denoted oy
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x=1b é octave = 1 é decade
f f

wheref, is the lower and, the higher frequency of the interval.

5. Notation for expressing the reference of a level

A level representing a quantity with a reference quantity,,, may be indicated by:
L, (rexe) orby Ly,

Examples:

The statement that a certain sound pressure level is 15 dB above the level corresponding to a reference
pressure of 2QuPa can be written as:

L, (re 20puPa) =15 dB or as Ly ,p,= 15 dB

The statement that the level of a current is 10 Np below 1 A can be written as:

L, (re 1A) = -10 Np
The statement that a certain power level is 7 dB above 1 mW can be written as:

Ly, (re 1 mW) =7 dB
The statement that a certain electric field strength is 50 dB abop¥/fn can be written as:

Le (re 1 pV/m) = 50 dB

In presenting data, particularly in tabular form or in graphical symbols, a condensed notation is often
needed for identifying the reference value. Then the following condensed form, illustrated by
application to the above examples, may be used:
15 dB (20uPa)
—10 Np (1A)
7 dB (1 mW)
50 dB (1pV/m)

A “1” in the expression of a reference quantity is sometimes omitted. This is not recommended in
cases where confusion may occur.

When a constant level reference is used repeatedly in a given context and explained in the text, it may
be omitted.
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