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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS -
MEASUREMENT MICROPHONES -

Part 2: Primary method for pressure calibration of laboratory
standard microphones by the reciprocity technique

AMENDMENT 1

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory-workylnternational; governmental and,nen-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates’closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on'technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each-technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form ‘of recommendations for, international .use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to. apply IEC Publications
transparently to the maximum extent possible'in their nationaland regionalpublications. Any divergence between
any IEC Publication and the ©orresponding national(or regional publication shall (be ¢learly indicated in the latter.

IEC itself does not provide any attestation of gonformity.’Ihdependent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

Amendment 1 to IEC 61094-2:2009 has been prepared by IEC technical committee 29:
Electroacoustics.

The text of this Amendment is based on the following documents:

Draft Report on voting

29/1108/FDIS 29/1112/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Amendment is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications/.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

5.5 Heat-conduction correction

Add, after the second existing paragraph, the/following new paragraph:

At medium frequencies, transmission’line theory, Equation (4), is applied to account for plane
wave propagation in the coupler, but'the influence of heat conduction at the ends of the coupler
cannot be modelled accurately, as impedances at theyend surfaces. However, it can be
demonstrated that, at frequencies'where the pressure variations in the length direction of the
coupler are moderate, the usable frequency range of the correction factor Ay can be extended

by application of Ay, to the cross-sectional area of the coupler, S,, for the calculation of the
acoustic impedance of the plane waves in the coupler, Za20= pclSg.and setting a equal to zero
and B equal to w/c in Equation,(4).

Add, after the last existing paragraph, the following notes:

NOTE 1 At the lowest frequencies, application of the correction factor A, to the cross-sectional area of the coupler
in Equation (4) is effectively the same as application of the factor to the volume in Equation (3).

NOTE 2 The two methods described in this standard for accounting for heat conduction and viscosity are not entirely
consistent at any frequency. However, a transition frequency range can be identified for plane wave couplers used
for reciprocity calibration. Estimates for the frequency range of validity are given in Annex A.

6 Factors influencing the pressure sensitivity of microphones
Add, after the existing 6.5, the following new subclause:

6.6 Influence of leakage

At low frequencies, care should be taken to avoid leakage in the coupler as it affects the
acoustic transfer impedance. Alternatively, a capillary tube can be used as a controlled leakage.
In that case, its effects on the acoustic transfer impedance shall be calculated.

7.3.3.1 Front cavity
Replace "NOTE 1" with "NOTE".

Delete the existing Note 2.
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7.3.3.2 Acoustic impedance

Replace the existing second and third paragraphs with the following new paragraph:

At low frequencies, heat conduction in the cavity behind the diaphragm and the pressure-
equalizing tube of the microphone contribute significantly to the acoustic impedance of the
microphone. The acoustic impedance Z, of each microphone forms an important part of the

acoustic transfer impedance Z, 1, of the system. At high frequencies, errors in the determination
of Z, influence the accuracy of the calibration in a complicated way.

Replace "NOTE" with "NOTE 1".

Add, after the existing note, the following new note:

NOTE 2 For type LS1 microphones, heat conduction and pressure equalization result in an increase of the
diaphragm compliance that reaches 20 % to 25 % below the lower limiting frequency. For LS2 microphones, the
increase is 6 % to 9 %.

Table 1 — Uncertainty components

Add, in column "Relevant subclause no.", line "Unintentional coupler/microphone leakage", the
references "6.6; 7.3.2.1".

Delete, in column "Relevant subclause no.", line "Polarizing voltage", the reference "6.5.3".

Replace, in column "Relevant subclause no.", line "Static pressure corrections", the reference
"6.5" with "6.5.1".

Replace, in column "Relevant subclause no.", line "Temperature corrections", the reference
"6.5" with "6.5.2".

A.1 General
Add, before the last existing paragraph, the following new paragraph:

For plane wave couplers, it can be demonstrated that the low frequency solution correction,
when applied to the cross-sectional area of the coupler, is valid at frequencies where pressure
variations due to wave-motion are moderate, see [A.5]2.

A.2 Low frequency solution
Replace the existing text with the following new text:

At low frequencies, where the sound pressure can be assumed to be the same at all points in
the coupler, the effect of heat conduction can be considered as an apparent increase in the
coupler volume expressed by a complex correction factor A to the geometrical coupler volume

[A.4], 7, in Equation (3) or to the cross-sectional area, S, in Equation (4) with y = 0 + jwec.

2 Figures in square brackets refer to Clause A.4.
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The correction factor is given by:

Ay =x = (e~ E, (A1)

where Ep is a complex quantity derived from the fundamental solution of the Fourier equation

for heat conduction and which depends on the coupler geometry. For finite cylindrical couplers,
the quantity E, is given by

Eon (A.2)

with

=1
22R? 1/2)? 72
J +(m+/2)”g,% , (A.3)
(1% 2R)

and where

R =15/ (2a) is thelengtho diameterratio.of the coupler;

a is the radius of the'coupler-in'metres (m);

A are the roots of Jy(4,) = 0, see [A.6], for example; Jy() is the cylindrical Bessel
function of the first kind, zero order;

Xp = A(1- )1 (V2) o T @

A is the total area surface of the cavity (m2);
a, is the thermal diffusivity of the enclosed gas in square metres per second
(m2.s~1).

Tabulated values of Ay for typical dimensions of couplers are given in Table A.1 as function of

frequency and at reference environmental conditions. The data can be used for validation of
calculation software. The tabulated data given are considered accurate to 0,000 01. The
quantity Ep converges more quickly at low frequencies and for small dimensions of couplers.

For example, the modulus of Ay, is within 0,001 dB from the values in Table A.1 when calculated

for (m,n) = (100,100) at 1 995,3 Hz for the largest coupler and for (m,n) = (2,2) at 1,995 3 Hz for
the smallest coupler mentioned in Table A.1.

When the quantity Ay, as calculated from Equation (A.1), is applied to Equation (3), the
calculated transfer admittance is assumed to be valid within 0,003 dB for the modulus and
0,01° for the phase at frequencies where 1> 102 -3V . When Ay is applied to S in Equation (4)

with y= 0 + jwc, the calculated transfer admittance is assumed to be valid within 0,003 dB and
0,01° at frequencies where 4 > 25/,. This corresponds to frequencies approximately in the range

1 000 Hz to 3 450 Hz for plane-wave couplers in the range of dimensions given in Table C.1.
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Table A.1 — Values for Ay
a=9,3mm a=9,3mm a=4,65mm a=4,65mm
Frequency I,=18,9 mm I,= 11,4 mm I,=10,4 mm I, =57 mm
(Hz) Re(4y) Im(Ay) Re(4y) Im(4y) Re(4y) Im(Ay) Re(4y) Im(Ay)
1,995 3 1,117 15 | -0,091 65 | 1,141 80 | 0,105 09 | 1,223 30 | -0,134 20 | 1,278 08 | —0,136 63
3,981 1 1,083 28 | -0,070 22 | 1,101 15 | 0,082 16 | 1,159 58 | -0,11326 | 1,198 79 | -0,128 79
7,943 3 1,059 08 | 0,052 43 | 1,071 82 | -0,062 13 | 1,113 96 |-0,089 93 | 1,142 13 | -0,105 26
15,849 1,041 87 | 0,038 50 | 1,050 92 | —0,046 00 | 1,080 99 | —0,068 69 | 1,101 39 | -0,082 31
31,623 1,029 65 | -0,027 95 | 1,036 08 | —0,033 59 | 1,057 44 | -0,051 19 | 1,071 99 | -0,062 26
63,096 1,021 00 | -0,020 14 | 1,025 55 | —0,024 30 | 1,040 70 | —0,037 54 | 1,051 04 | —0,046 10
125,89 1,014 87 | 0,014 44 | 1,018 09 | 0,017 46 | 1,028 83 | -0,027 23 | 1,036 16 | 0,033 66
251,19 1,010 53 | 0,010 31 | 1,012 81 | -0,01249 | 1,020 41 | -0,019 61 | 1,025 61 | —0,024 35
501,19 1,007 45 | -0,007 34 | 1,009 07 | -0,008 91 | 1,014 45 | -0,014 05 | 1,018 14 | 0,017 50
1.000,0 1,005 28 | -0,005 22 | 1,006 42 | —0,006 34 | 1,010 23 | -0,01003 | 1,012 84 |-0,012 52
1.995,3 1,003 74 | -0,003 71 | 1,004 55 | —0,004 51 | 1,007 24 | -0,007 14 | 1,009 09 | —0,008 93

NOTE 1 The values given in this table are valid at reference environmental conditions only.

NOTE 2 The zero-frequency value of Ay is'x.

A.3 Broad-band solution
Remove the penultimate existing paragraph.
Replace the existinglast paragraph with the. following new paragraph:

When calculated with Equation (4) using.Equations, (A.4) to (A.6), the transfer admittance is
estimated to be valid within 0,003 dB and 0,02° at frequencies where 1 < 16/ya (the factor 16 is

an empirical factor, expressed in m='). This corresponds to frequencies approximately in the
range 175 Hz to 1 150 Hz for plane-wave couplers in the range of dimensions given in
Table C.1.

A.4 Reference documents

Replace the existing reference [A.4] with the following new reference:

[A.4] VINCENT, P.; RODRIGUES, D.; LARSONNIER, F.; GUIANVARC'H, C. and DURAND,
S. Acoustic transfer admittance of cylindrical cavities in infrasonic frequency range,
Metrologia, 2018, Vol. 56, No. 1

Add the following references:

[A.5] OLSEN, E.S., Microphone acoustic impedance in reciprocity calibration of laboratory
standard microphones, Proceedings of Forum Acusticum 2020, Paper 1023, 2020

[A.6] WATSON, G.N. A treatise on the theory of Bessel functions. Cambridge University
Press. Second edition, 1944
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Annex E — Methods for determining microphone parameters
E.4 Acoustic impedance of the microphone
Replace the existing first paragraph with the following new paragraphs and note:

The acoustic impedance can be expressed directly as a complex impedance or as a complex
equivalent volume, see IEC 61094-1. At medium frequencies, a Ilumped parameter
representation is possible, whereas the impedance deviates from that of the lumped parameter
representation at low and high frequencies. This is particularly important for LS1 microphones
at low frequencies where the contribution to the acoustic transfer impedance is significant
compared to the uncertainty of measurement.

NOTE The deviation at low frequencies depends on the construction of the back cavity, the pressure equalization
system of the microphone and its lower limiting frequency. For LS microphones available at the time of publication
of this standard, the deviation will lead to an error in the resulting sensitivity that reaches 0,01 dB around 10 Hz for
LS1 microphones and around 2 Hz for LS2 microphones.

At low and medium frequencies, the acoustic admittance of an LS microphone is to a good
approximation proportional to the sensitivity of the microphone [E.1]. Hence, the acoustic
admittance can be determined with an iterative procedure when a calibration is performed. First,
the lumped parameter representation is established, and the sensitivity results are calculated
based on this representation: -From;, this-sensitivity; the ratio-ofsthe acoustic admittance to the
sensitivity is determined fora 'single frequency lin'the mid-frequency range, e.g. at the local
minimum of the sensitivity. The acoustic impedance of the microphone is then calculated from
the sensitivity by multiplication with the ratio. Theliteration’ may be repeated based on the new
acoustic admittance. Methods for the determination of the lumped parameter representation of
a microphone are described in the following.

Add, after Clause E.4, the following new clause:

E.5 Reference documents

[E.1] SANDERMANN OLSEN, E. and FREDERIKSEN, E. Microphone acoustic impedance in
reciprocity calibration of laboratory“standard microphones, Inter-noise, 2013, Innsbruck,
Austria
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AMENDEMENT 1

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour objet de
favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des Normes internationales,
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et des
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études, aux
travaux desquels tout Comité rnational intéressé, par le,~sujet traité,~peut participer. Les organisations
internationales, gouvernementales et'non gouvernementales, en’liaison avec I'lEC, participent également aux
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon des
conditions fixées par accord entre les deux erganisationss

Les décisions ou accords officiels de I'|EC concernantles'questions techniques représentent, dans la mesure du
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'l[EC intéressés
sont représentés dans chaque comité.d’études.

Les Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation oulinterprétation-qui'en est'\faite’par-un-quelconque utilisateur final.

Dans le but d'encourager I'uniformité‘internationale;les-:=Comités-nationaux 'de'PIEC s'engagent, dans toute la
mesure possible, a appliquer déeffagondransparente)les Publications [deJAEC_danseurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées'en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'lEC,
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelque
nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
découlant de la publication ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de I'l[EC,
ou au crédit qui lui est accordé.

L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'objet de
droits de brevet. L'IEC ne saurait étre tenue pour responsable de l'identification de ces droits de propriété en
tout ou partie.
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