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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS -
MEASUREMENT MICROPHONES -

Part 10: Absolute pressure calibration of microphones
at low frequencies using calculable pistonphones

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 work. International, governmental and non-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 national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent 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 IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TR 61094-10 has been prepared by IEC technical committee 29: Electroacoustics. It is a
Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

29/1113/DTR 29/1124/RVDTR

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 Technical Report 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/publications.

A list of all parts in the IEC 61094 series, published under the general title Electroacoustics —
Measurement microphones, can be found on the IEC website.

Future documents in this series will carry the new general title as cited above. Titles of existing
documents in this series will be updated at the time of the next edition.

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,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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ELECTROACOUSTICS -
MEASUREMENT MICROPHONES -

Part 10: Absolute pressure calibration of microphones
at low frequencies using calculable pistonphones

1 Scope

This part of IEC 61094

e is applicable to laboratory standard microphones meeting the requirements of IEC 61094-1
and other types of measurement microphones,

e describes one possible absolute method for determining the complex pressure sensitivity,
based on a device capable of generating a known sound pressure, especially at low
frequencies, and

e provides a reproducible and accurate basis for the measurement of sound pressure at low
frequencies.

All quantities are expressed in Sl units.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61094-1:2000, Measurement microphones — Part 1: Specifications for laboratory standard
microphones

IEC 61094-2:2009, Electroacoustics — Measurement microphones — Part 2: Primary method for
pressure calibration of laboratory standard microphones by the reciprocity technique
IEC 61094-2:2009/AMD1:2022

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61094-1 and
IEC 61094-2 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

pistonphone

device in which sound pressure is generated in a fixed sealed volume of air, by the motion of
one or more pistons creating a well-defined volume velocity
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3.2
calculable pistonphone
pistonphone where the generated sound pressure can be calculated from physical principles

4 Reference environmental conditions

The reference environmental conditions are the following:

e temperature 23,0 °C;
e static pressure 101,325 kPa;
e relative humidity 50 %.

5 Principles of absolute pressure calibration of microphones using a
calculable pistonphone

5.1 General principle

The microphone to be calibrated is exposed to a known or calculable sound pressure produced
within the sealed cavity (or coupler) of a pistonphone, without the need for a prior measurement
with another microphone. The dimensions of the cavity are constrained to allow the assumption
to be made that the sound pressure is uniformly distributed within.

A sound generator consisting of a sealed cavity (or coupler) of known volume that is driven by
a piston or similar mechanism capable of producing a known volume velocity (e.g. an
electrodynamic loudspeaker) has the potential to generate a known sound pressure. If the
piston is assumed to be rigid and of known frontal area, laser interferometry or other
displacement measurement techniques can be used to determine the piston displacement and
thereby derive the volume displacement.

The pressure sensitivity M, of the microphone is then determined directly from its open-circuit
output voltage Uy, o and the applied sound pressure p,.

M, == (1)

Alternatively, a microphone system comprising of a microphone, a preamplifier and optionally
and amplifier stage, can be calibrated by the same principle, except that the system output
voltage replaces the open-circuit output voltage of the microphone in Formula (1).

5.2 Basic expressions

The generated sound pressure p,, that is applied to the diaphragm of the microphone is
calculated from an evaluation of the acoustic transfer impedance Z; of the cavity and a
measurement of the piston displacement é6x.

The acoustic transfer impedance is the constant of proportionality between the sound pressure
at the microphone diaphragm and the volume velocity driving the cavity. In the case of a
sinusoidally driven rigid piston, the volume velocity is given by the product of the piston area
Sp, the piston displacement and a factor jw, where w is the angular frequency:

Pm = JoSpox-Zt (2)
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If the piston is not rigid, calculation of the volume velocity requires the surface integral of
displacement to be determined, for example with scanning interferometry.

The acoustic transfer impedance can be calculated when the cavity has a simple geometry
enabling its volume, V to be determined. When the characteristic cavity dimensions are
significantly smaller than the acoustic wavelength, A (typically when §/7<</1 ), then the sound

pressure can be assumed to be uniformly distributed within the cavity. Then, assuming adiabatic
compression and expansion of the gas and that the cavity is perfectly sealed, the acoustic
impedance of the cavity Z_ is « Pj/(joV), where x is the ratio of specific heats for air and Pg is

the static pressure inside the cavity. From the equivalent circuit in Figure 1, Z1 is then given by:

1 1 1 LV Vem
— = —t—= jo| —+— (3)
ZT ZC Zm KPS KFPS,F
where
Vo.m is the equivalent volume of microphone to be calibrated;

xand x, are the ratio of the specific heats at measurement conditions and at reference
conditions respectively;

Py, is the reference static pressure.

Values for x and «, in humid air can be determined from formulas given in IEC 61094-2:2009,
Annex F.

ja)Spéx dm q=0

Pm

IEC

Key
1) angular frequency

b piston surface area
ox piston displacement

g and g volume velocities
Z.and Z_ acoustic impedances of the cavity and microphone respectively

Pm sound pressure acting on the microphone

Figure 1 — Equivalent circuit for evaluating the sound pressure over
the exposed surface of the diaphragm of the microphone

At higher frequencies, where the wavelength can no longer be considered sufficiently large
compared to the cavity dimensions, the evaluation of Z; generally becomes more complicated
and requires the specific geometry of the cavity to be accounted for. The onset of such

behaviour is generally considered to be the upper frequency limit for the operation of the
pistonphone within the scope of this document.
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5.3 Heat conduction correction

The evaluation of Z; in Formula (3) assumes adiabatic conditions in the cavity. However, in

practice, the influence of heat conduction at the walls of the cavity causes increasing departure
from purely adiabatic conditions as the frequency is reduced, especially for small cavities.

At frequencies where the sound pressure can be considered to be uniformly distributed within
the cavity and under the assumption that the walls remain at a constant temperature, the
influence of the heat conduction losses can be calculated and expressed in terms of a complex
correction factor AH to the geometrical volume ¥V in Formula (3). The formulation for the
influence of the heat conduction losses and expressions for a correction factor AH, when the
cavity shape is a perfect right circular cylinder, are given in IEC 61094-2:2009 and
IEC 61094-2:2009/AMD1:2022.

5.4 Operating frequency range

The upper frequency limit of operation is likely to be determined by the onset of sound pressure
non-uniformity. This is normally assessed by modelling the sound field within the pistonphone
cavity. The model can be used to determine a correction to account for the non-uniform sound
pressure distribution for the specific cavity geometry, but a point will be reached where the
magnitude of this correction, and therefore the associated uncertainty, becomes unacceptable.
Each cavity geometry will require individual treatment, but an upper frequency limit of around
200 Hz is typically possible when characteristic dimensions are no greater than 60 mm.

It is also possible that the volume velocity source determines the upper frequency of operation.
As the frequency increases, a greater amount of force is necessary to drive the piston. The
frequency at which this capability is exceeded could also set a practical operational limit.

The low frequency limit can be governed by the uncertainty associated with the heat conduction
correction, or by pressure leakage from the cavity. The limits that can be achieved are strongly
related to the specific design of the pistonphone but there are reports of devices operating at
frequencies of 0,01 Hz [1] [2]".

6 General characteristics

6.1 The pistonphone

A convenient pistonphone cavity geometry is a right circular cylinder as this allow direct
application of the heat conduction model presented in IEC 61094-2:2009 and
IEC 61094-2:2009/AMD1:2022.

The estimation of the sound pressure generated within the pistonphone is strongly dependent
on the internal volume. When the cavity and the volume velocity source are made from a hard,
dimensionally stable, non-porous materials, the influences of time, temperature, humidity and
other physical parameters can be expected to have no adverse effect on performance.

Since the pistonphone is typically activated by a vibrating mechanism, care can be needed to
ensure the microphone under test is not subjected to extraneous vibration signals capable of
contributing to the measured output voltage.

There are no constraints on the size of the cavity, but note that the generated sound pressure
is proportional to the ratio of the induced volume velocity to the overall volume of the cavity.
Therefore, a larger cavity requires a more powerful volume velocity source.

T Numbers in square brackets refer to the Bibliography.
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Conversely, the effects of heat conduction generally become less significant at a given
frequency as the size of the cavity increases. Heat conduction effects can also be minimised
for a given cavity volume, with a dimensional aspect ratio (length-to-diameter ratio for a
cylindrical cavity) close to unity.

A unit aspect ratio also maximises the upper frequency limit of operation for a given volume,
when the limit is dictated by the onset of sound pressure non-uniformity within the cavity.

Example pistonphone designs can be found in Annex A.

6.2 Measuring the piston volume velocity

If the piston is assumed to be rigid, a technique based on laser interferometry (for example see
ISO 16063-11) or other displacement measurement techniques can be used to determine the
piston displacement and derive the volume displacement when the piston area is known.

6.3 Test signals

Calibration can be achieved with sinusoidal or broadband stimuli where the signals within
frequency bands or at discrete frequencies can be extracted.

6.4 Mounting the microphone and pressure-equalizing tube

The normal construction of a laboratory standard or working standard microphone has the cavity
behind the diaphragm fitted with a narrow pressure-equalization tube to permit the static
pressure to be the same on both sides of the diaphragm. Consequently, at very low frequencies,
this tube also partially equalizes the sound pressure. During the calibration, if sound which is
coherent with that acting on the diaphragm also reaches the pressure-equalizing tube, the
sensitivity will be altered as a result. This tendency increases as the frequency is reduced.
Therefore, the configuration of the pressure-equalizing tube during a calibration strongly
influences the frequency response obtained for the microphone under test.

Given this dependency, there are advantages in the pistonphone being capable of coupling the
microphone in different ways. For example, some applications can require the microphone
sensitivity to be determined with the pressure-equalization tube completely within the sound
field (pseudo-free-field response) while others might require the pressure-equalization tube to
be isolated from the sound field (pressure-field response).

6.5 Measuring the output voltages of the microphones

The open-circuit output voltage of the microphone can be determined with the insert voltage
technique (for example, see IEC 61094-2:2009, 5.3) or by using a measuring system consisting
of a high input impedance microphone preamplifier and a voltmeter (for example, see
IEC 61094-5:2016, Annex C).

7 Factors influencing the pressure sensitivity

7.1 General

The pressure sensitivity of a microphone under test can depend on several external factors
depending on the transduction mechanism of the microphone. The following parameters are
considerations for laboratory standard microphones operating on an electrostatic principle with
an externally applied polarizing voltage, and other measurement microphones operating in a
similar way.
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7.2 Polarizing voltage

The basic mode of operation of a polarized condenser microphone assumes a constant
electrical charge on the microphone. The product of the microphone capacitance, and the
electrical resistance through which the polarizing voltage is applied, determines the time
constant for charging the microphone. At sufficiently high frequency (typically above 2 Hz), the
time constant is much longer than the acoustic period, and the constant charge condition can
be maintained. However, a constant charge cannot be maintained at very low frequencies.
While the open-circuit sensitivity of the microphone, as obtained using the insert-voltage
technique, will be determined correctly, the absolute output from the preamplifier associated
with the microphone will decrease at low frequencies in accordance with this time constant.

The sensitivity of a laboratory standard or working standard microphone is approximately
proportional to the polarizing voltage.

7.3  Shield configuration

The open-circuit voltage, and therefore the pressure sensitivity, depends on the shield
configuration. IEC 61094-1 describes a reference mechanical configuration for the shield that
can be used in determining the open-circuit voltage. While the reference mechanical
configuration is described, the shield can either be grounded (grounded-shield configuration),
or the output voltage from the microphone can be applied to the shield (driven-shield
configuration). The configuration used in practice can influence the results achieved.

The manufacturer can also specify a maximum mechanical force to be applied to the central
electrical contact of the microphone.

7.4 Dependence on environmental conditions
7.41 General

The sensitivity of a microphone can depend on static pressure, temperature, or humidity. The
actual conditions during the calibration are normally reported.

7.4.2 Static pressure

Within the microphone, the acoustic resistance and mass of the gas between the diaphragm
and backplate, the compliance of the cavity behind the diaphragm and thus the pressure
sensitivity of the microphone itself, depend on the static pressure. This dependence is a function
of frequency.

For information on the influence of static pressure on the pressure sensitivity of laboratory
standard condenser microphones, see for example IEC 61094-2:2009, Annex D.

In addition, the sound pressure generated by the pistonphone is directly proportional to the
prevailing static pressure within the pistonphone.

7.4.3 Temperature

Within the microphone, the acoustic resistance and mass of the gas between diaphragm and
backplate and thus the pressure sensitivity of the microphone itself, depend on the temperature.
In addition, the mechanical dimensions of the microphone depend on the temperature and the
sensitivity of the microphone depends on the mechanical tension in the diaphragm and on the
spacing between diaphragm and backplate. The total effect of these dependencies is a function
of frequency.

For information on the influence of temperature on the pressure sensitivity of laboratory
standard condenser microphones, see for example IEC 61094-2:2009, Annex D.
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7.4.4 Humidity

Although the thermodynamic state of the air enclosed in the cavity behind the diaphragm of the
microphone depends slightly on humidity, an influence on the sensitivity has not been observed
for laboratory standard microphones, provided condensation does not take place.

7.5 Vibration

Vibration of the microphone housing can result in an output signal. Since the pistonphone has
an integrated vibration source, there is potential for a coherent but non-acoustic excitation of
the microphone.

7.6 Distortion

The mechanical motion of the volume velocity source can be impacted by friction and
electromagnetic effects, which can cause the motion to become distorted (i.e. non-sinusoidal).
It is therefore essential to measure the displacement and the microphone output voltage on a
comparable basis. In particular, when applying an insert-voltage method using a high-quality
signal generator to produce the (undistorted) insert voltage, it is good practice to match the
peak rather than the RMS voltages when calculating the microphone sensitivity.

8 Calibration uncertainty components

8.1 General

In addition to the factors mentioned in Clause 7 which affect the pressure sensitivity, further
uncertainty components are introduced by the method, the equipment, and the degree of care
under which the calibration is carried out. With due care, the factors affecting the calibration in
a known way can be managed to minimize their influence on the resulting measurement
uncertainty.

8.2 Measurements of microphone output voltage

Uncertainties of random or time-varying nature and of a systematic nature, in the measurement
of the microphone output voltage, directly affect the uncertainty in the pressure sensitivity.

Noise or other interference such as cross-talk, whether of acoustical or other origin, can
typically be managed so as to not unduly affect the determination of the pressure sensitivity.

The stability of the measurement system and its linearity has an associated uncertainty.

8.3 Piston
8.3.1 Frequency

The frequency at which the piston is driven by a function generator has an associated
uncertainty.

8.3.2 Measurement of the volume velocity
Uncertainties of random, time-varying nature and of a systematic nature in the measurement of

the volume velocity of the piston directly affect the uncertainty in the pressure sensitivity of the
microphone.

The calculated sound pressure is directly proportional to the volume velocity of the piston.
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If the piston is assumed to be rigid and the displacement is then measured at a single point,
allowances can be made for any departure from this assumption, for example a loudspeaker
can exhibit flexure in its driven surface, and the displacement of its suspension mechanism can
be different.

If a scanning technique is used to measure the displacement at several points, the uncertainty
in the surface integration algorithm contributes an uncertainty component.

8.4 Acoustic transfer impedance
8.4.1 Cavity properties

It is generally possible that the shape and dimensions of the pistonphone cavity can be chosen
such that the sound pressure can be calculated as described in 5.2. As long as the greatest
dimension of the cavity is small compared to the wavelength of sound in the gas, the sound
pressure will be substantially uniform in the cavity.

The uncertainty on cavity dimensions affects the acoustic transfer impedance by different
amounts that vary with frequency. It also influences the heat conduction. The formulation
provided in IEC 61094-2:2009 and IEC 61094-2:2009/AMD1:2022 for the influence of the heat
conduction losses is valid for a perfect cylinder.

With due care, it is possible to avoid leakage in the cavity, which affects the acoustic transfer
impedance. Leakage can be assessed by observing the decay of a step displacement input to
the cavity. Alternatively, a capillary tube can be used as a controlled leakage, such that the
resulting acoustic transfer impedance can be calculated. Whether controlled or uncontrolled,
the measurement uncertainty component arising from leakage can establish a practical low-
frequency limit of operation of the pistonphone.

8.4.2 Physical quantities

The acoustic transfer impedance depends on certain physical quantities describing the
properties of the gas enclosed in the cavity. These quantities depend on environmental
conditions such as static pressure, temperature, and humidity. For values of the quantities for
humid air and their dependence on environmental conditions, see for example
IEC 61094-2:2009, Annex F.

The resulting uncertainty on the calculated quantities is a combination of the uncertainty on the
equations and the uncertainty on the measurement of the environmental conditions.

8.5 Microphone parameters
8.5.1 Front cavity

A laboratory standard microphone has a recessed cavity in front of the diaphragm.

In Formula (3), the volume of the microphone front cavity together with the equivalent volume
of the microphone (see 8.5.2) forms a part of the total volume V of the pistonphone cavity.
Therefore, uncertainty in these parameters contributes to the overall volume uncertainty.

8.5.2 Acoustic impedance

The acoustic impedance of the microphone is a function of frequency, and is determined mainly
by the properties of the stretched diaphragm and the air enclosed in the cavity behind the
diaphragm, and by the geometry of the backplate. To a first approximation, the acoustic
impedance can be expressed in terms of equivalent series-connected compliance, mass and
resistance. This network can alternatively be described by compliance, resonance frequency
and loss factor. Compliance is often given in terms of the low frequency value of the real part
of the equivalent volume of the microphone (for example, see IEC 61094-1:2000, 6.2.2).
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At very low frequencies, the pressure-equalizing tube of the microphone affects its acoustic
impedance, and heat conduction in the cavity behind the diaphragm results in an increase of
the equivalent volume. The acoustic impedance Z, of the microphone can form a non-negligible

part of the acoustic transfer impedance Z; of the system.

Methods that can be used for determining the acoustic impedance are described in
IEC 61094-2:2009, Annex E.

8.5.3 Polarizing voltage

When determining the polarizing voltage, provision can be made for measuring this directly at
the terminals of the microphone. This is important when the polarizing voltage is obtained from
a high-impedance source, due to the finite insulation resistance of the microphone.
Alternatively, the insulation resistance of the microphone can be measured and verified to be
sufficiently high that a measurement of the polarizing voltage supply with the microphone
removed, or a measurement at a low impedance port of the polarizing voltage supply, are valid.

8.6 Uncertainty on pressure sensitivity level

The uncertainty on the pressure sensitivity level can be determined in accordance with
ISO/IEC Guide 98-3. When reporting the results of a calibration the uncertainty, as function of
frequency, the expanded uncertainty of measurement using a coverage factor of £ = 2, is
normally stated.

Due to the co-dependence of the factors in the final expression for the pressure sensitivity in
Formula (2) on certain of the external influences (e.g. environmental dependencies), the
uncertainty analysis of the acoustic transfer impedance is usually performed by repeating a
calculation while the various components are changed one-at-a-time by their associated
uncertainty. The difference in the result derived by the unchanged components is then used to
determine the standard uncertainty related to each component.

Table 1 lists components affecting the uncertainty of a calibration. Not all of the components
are necessarily relevant in a given design of pistonphone or calibration setup, because various
methods can be used for measuring the applied volume velocity and microphone output voltage,
and for determining the microphone parameters.

Table 1 — Uncertainty components

Measured quantity Relevant subclause no.

Measurements of microphone output

Voltage measurements 8.2

Cross-talk 8.2

Inherent and ambient noise 8.2

Ground shield 7.3
Piston

Frequency 8.3.1

Measurement of the volume velocity 8.3.2

Cavity properties

Cavity volume 8.4.1
Cavity shape and heat conduction theory 8.4.1
Unintentional leakage 8.4.1
Capillary tube dimensions 8.4.1

Static pressure 8.4.2
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Measured quantity

Relevant subclause no.

Temperature 8.4.2
Relative humidity 8.4.2
Microphone parameters
Front cavity volume 8.5.1
Equivalent volume 8.5.2
Polarizing voltage 8.5.3
Processing of results

Rounding error

Repeatability of measurements

Static pressure corrections 7.4.2
Temperature corrections 7.4.3

The uncertainty components listed in Table 1 are generally a function of frequency and are
quantified as a standard uncertainty. The uncertainty components are expressed in a linear
form, but a logarithmic form can be used, as the values are very small and the derived final

expanded uncertainty of measurement would be essentially the same.

It is estimated that a calibration of a laboratory standard microphone can achieve an overall
expanded uncertainty with a coverage factor %
frequencies (2 Hz to 20 Hz), increasing to approximately 0,2 dB at the lowest frequencies

2 of approximately 0,05 dB at upper

(around 0,01 Hz). An example of uncertainty calculation is provided in Annex B.
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Annex A
(informative)

Example designs of pistonphones using laser interferometry

Figure A.1 to Figure A.3 show example designs of pistonphones using laser interferometry.

IEC

Key

-

interferometer

2 sealed cylindrical cavity

3 rigid circular piston (based on a modified loudspeaker)
4

mirror

Figure A.1 — Schematic cross-section of a laser pistonphone
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Key
microphone under test
piston

1

2

3 cavity
4 fixed mirror
5

optical detector and fibre

NOTE The end face is removed to reveal the inside of the cavity and piston, for illustration purposes.

Figure A.2 — Example of laser pistonphone

NOTE The device under test is a microbarometer rather than a measurement microphone, illustrating the versatility
of a suitably designed laser pistonphone as calibration device.

Figure A.3 — Example of laser pistonphone
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Annex B
(informative)

Measurement uncertainties

B.1 General

All uncertainties of measurements can be calculated in accordance with the guidelines given in
ISO/IEC Guide 98-3 (GUM), and typically quantified for a coverage probability of 95 %.

The components of measurement uncertainty considered below relate to general requirement
of microphone sensitivity calibration. It is possible some components are not relevant, or
additional components need to be considered, in specific implementations.

B.2 Example of a typical uncertainty analysis

B.2.1 General

Table B.1 is an example of how the measurement uncertainties would be calculated for the
sensitivity magnitude of a generic measurement microphone. This is not an exhaustive list of
possible measurement uncertainty components, or even a guide to typical values (as the values
chosen for illustration only, in this example), but just an example of the calculation method
required by the GUM.

For this example, figures are just given for one frequency (1 Hz); in practice, the calculation is
typically repeated for each frequency used. The reported measurement uncertainty is based on
a standard uncertainty multiplied by a coverage factor £ = 2, providing a level of confidence of
approximately 95 %.

B.2.2 Uncertainty budget

The measurement uncertainty arises from twenty different sources, but it is possible additional
components are relevant in a particular practical implementation. It is assumed that the
sensitivity of the microphone under test is linearly dependent on each of the identified
components.
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Table B.1 — Example of uncertainty budget at 1 Hz

Measured quantity Standard uncertainty
in dB x 1 000
Voltage measurements 5,8
Measurements of microphone Cross-talk 0.5
output voltage Inherent and ambient noise 5,0
Ground shield 0,5
Frequency 2,6
Piston dynamics
Measurement of the volume velocity 12,9
Cavity volume 6,9
Cavity shape and heat conduction theory 1,0
Unintentional leakage 0,0
Cavity properties Capillary tube dimensions 0,0
Static pressure 2,2
Temperature 0,1
Relative humidity 0,1
Front cavity volume 0,0
Microphone parameters Equivalent volume 0,0
Polarizing voltage 2,5
Rounding error 2,9
Repeatability of measurements 5,6
Processing of results
Static pressure corrections 0,1
Temperature corrections 0,1

B.2.3 Combined and expanded uncertainties

The combined standard measurement uncertainty is found from the square root of the sum of
the squares of each standard uncertainty component given in Table B.1, giving 0,02 dB (a strict
calculation would require each component to be converted from logarithmic to linear form before
doing the combination but as the values are very small, the result would be essentially the
same). The expanded measurement uncertainty with a coverage factor of 2 is then 0,04 dB.
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