Final draft ETS| EN 301 489-9 V2.1.1 (2017-03)

HARMONISED EUROPEAN_STANDARD

Q’x
ElectroMagnetic N patlbldsfw (EMC)
standard for radlo@q pom gﬁand services;

Part 9: Specific cond@%@‘s f@r\WHeless microphones,
similar Radio Freq}?ép%y\(ﬂf}%ludlo link equipment,
cordless auda@ and m\zéa*r monitoring devices;
Harmonised Standard couegfhg the essential requirements
of article 3. 1(@5,& Directive 2014/53/EU

\\Q %

\\°o
e


T�����8��`��g���,��(�`���9�u$�wm�s���$�V�`KƎ�8�hCC#pp4'[������2���?6#:h3E���t���$��Y��d�������0�����?���#�����+"�����

2 Final draft ETSI EN 301 489-9 V2.1.1 (2017-03)

Reference
REN/ERM-EMC-341

Keywords

audio, digital, EMC, harmonised standard, radio,
radio mic, regulation

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax:+33 4 93 65 47 16

Siret N° 348 623 56200017 - NAF 742 C
Association a but nonJucratifienregistrée a la
Sous-Préfecture de'Grasse*(06) N° 7803/88

Important’notice

The present document can be downloaded from:
http://www:etsi.org/standards-search

The present document may be made available<n electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the only prevailing document is the
print of the Portable Document Format (PDF) version kept on a specific network drive within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.orq/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2017.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


���k�z��T�Ɵ�+�����M�t&�>�R܅�_�~J�_���:��s�sy�����ëu�l�6H�%^��~y���`z�Z��ZB�+gi�ӖP�'��gyj���ѬL�m�,�Β��?�Ɖ:8�~m

3 Final draft ETSI EN 301 489-9 V2.1.1 (2017-03)

Contents
Intellectual Property RIGNES.... ..ot e e b e 5
0 L= V1V (o RS 5
MoOdal VErDS EMINOIOQY .......ccveieeieieece sttt ettt e e e s re s aeeaesbeeaeesbesreensesaeensessesneenseseeeneensessens 5
1 o0 0L SR 6
2 S = (= (0= S 6
21 NOFMBLIVE FEFEIEINCES .....cutieiitiite ittt ettt sttt h ettt e e besb e ek e s bt e bt e ae e e e s bese e besheeb e e ae e s e eean e besaeebenneennennen 6
2.2 INfOrMELIVE FEFEIENCES. ... ettt e b b bbbt e e e e se e b e s bt eb e et e e e e e se e et e saeebeeneennennens 7
3 Definitions and abbreVIGtiONS...........cceeiiie et r e et saeeae e resreeneesreenes 7
31 DEfINITIONS. ...ttt et e et et e e te e e be e be e beeabeeaaesheesbeesbeesbeeseesaeesaeeseenseeaseenseeseesteeteentens 7
3.2 ADDIEVIBLIONS ...ttt ettt ettt et e et e st e et e e testesaeesaeesaeebeeaseeaeeebeeebe e be e beenbeensesaeesaeesreeaaeereenreans 8
4 Technical requirements SPECITICALIONS ........cc.eoveieiririere et 8
4.1 ENVIFONMENLAl PrOfil@ ...ttt ettt e s s ae e s ae e sae e s beebeeateenseeaeesbeebeentenn 8
4.2 TESE CONAITIONS ...ttt bt a et e e e et bt bt b e e ae e s e st e se e eb e s bt eb e eb e e aeeae e e e s e besbesbenneeneennans 8
421 L1100 o [0 (o] o FOO TSP PP PTURURROR 8
4.2.2 GBINENEL ...ttt h b h b e R R R Rt R e e e R e R e R e R e Re b £ e Rt e n e e R e R e be Rt ehe et ennenes 8
4.3 ArrangemMeENnts fOr tESE SIONAIS .....uiiieieeie e af8m et e e e saeesee e pasb e e eseesse e teenteesteensesneesneesseesneenseenseans 9
431 GENENEL ... s et R ettt b e e 9
432 Arrangements for test signals at the input Of tranSMITLENS.............. Bttt eeseseseeeesee e se et seeaeeens 9
4.3.3 Arrangements for test signals at the output Of TraNSMITLES...... 45 Al e 9
434 Arrangements for test signals at the iNPUELAF TECEIVENS. ... it 9
4.35 Arrangements for test signals at the OULPUL Of HECEIVEY'S .. 0t il 11
4.3.6 Arrangements for testing transmitter;and receéiver togetheri(as a SyStem) .......ocvoeeeererrerereneseese e 11
44 EXCIUSION DANAS........ooiiciecicccecciims e 8 B e et it e et et e s teete e s e saeesaeesbeesbeenteeaseeseesteesteesbeensesnsesnnesans 11
44.1 (CTc 0T o R o T o SO 11
442 Receiver and receivers of transceivers exclusion Band..............occoeeiiiinneneeee e 11
4.4.3 Transmitter eXCIUSION DANE. ..o 2 e a0ttt 12
45 Narrow band reSPONSES Of FECEIVEI'S. .......e. 0t i e esie et et sesee e s ste e te e e e e e s e s be e te e te e tesneesteesseenseensenneennes 12
4.6 [N\ oTgpgt= I (== g ToTo (U1 = o] o B e TP P TR RUSTOSPP 12
46.1 Yoo = ST S 12
46.2 TRANSIMITTEIS ...t ettt et et e s e e e e e s te e beeabeeaeeebeesbeesbeesbeeatesaeesaeesaeebeenbeenseensesreestnesanas 12
46.3 RECEIVEIS ...t et ettt ettt e et ettt et e et e e tee s teesbeesbeeabesaeesaeeeaeeebe e beeaseeaeeebeesbeebeebeentesnsesnnesans 12
5 PErfOrMANCE @SSESSIMIENL........ ettt e te et esteeseeseesaeeneesseeseessesneeneeseeeneensenseas 13
51 (€T 0T PO UTU PP R URPSOTRP 13
5.2 Equipment which can provide a continuous communiCationS [iNK ..........cccccoeeviieneenieece e 13
5.3 Equipment which does not provide a continuous communi CationS liNK...........ccccvevveeeneeneeneese e 13
54 N e L= VA= (U] o] 1 SR 13
55 o B TF o= 1ot oS ) o= o) o 13
6 PEFfOIMAINCE CIITEITA. ... ccui e ettt e st e e e e besaeeeesbesasensestesneetesteennens 13
6.1 T 0o (1o 1T o o TR O OURRPRRR 13
6.1.1 GBNEN@l... .ottt ettt ettt e st e e te e tesaeeshe e bt e beeteeabeeheebeebe e beeteaaeeeheeeaeebeeareeaeeeaeeeheenteeareereenreanes 13
6.1.2 General PErfOrMENCE CIITEITA . .....c ittt ettt st b e st b e et sb e eb e b e b e sbennenea 14
6.2 PerformanCe REQUITEIMENTS ......cc.viiieeeeie et ste et ete ettt e ste et e e e teeteseesaeesseasseenteenteensesseesseesseeseensenneennns 15
6.2.1 Performance criteria for equipment which provides a continuous communication linK..............ccccceeveene.. 15
6.2.1.1 LC T o1 - TR 15
6.2.1.2 Performance criteriafor Continuous phenomena applied to Transmitters (CT) and Receivers

(O ) TSP 15
6.2.1.3 Performance criteria for Transient phenomena applied to Transmitters (TT) and Receivers (TR)....... 15
6.2.2 Performance criteria for equipment which does not provide a continuous communication link ................ 16
6.2.3 Performance criteria for ancillary equipment tested on a stand alone basis..........cccooevevnirciiennncccnne 16
7 APPIHICEDIHTITY OVEIVIEWW ...ttt st e st e steentestesseetesneeeestesneeeesreeneens 16
7.1 10 0TS o o F TSP PR PR USTOSPP 16
711 LCT= 0T o O SPPSPPSN 16

ETSI


	Y�
a;$��W�^�%���d�\*�����s��s΃�z����=<�������	�ū��piRC3I������z�g��L8t�l�d��U�T���5�1�J��[C�������"�i��Ó;ER

4 Final draft ETSI EN 301 489-9 V2.1.1 (2017-03)

7.1.2 RS0 1 o = o0 1o [ o = S 16
7.2 FITIMIUNITY <.ttt et b b bt e e e e e E e b bt eh e ae e s s e e e R e b e £h e eb e e Rt ea e e e e e e b e eeeabesaeene e e enrees 17
721 GBINENEL ...ttt h e bR R R R k£ e E e R e R eE e Rt e Rt ehe e e e b e bRt ebeeneeneenenras 17
7.2.2 IS0 1 o = o0 1o [ o S 17
Annex A (informative): Relationship between the present document and the essential

requirements of Directive 2014/53/EU .......cccovveeieieeieiecese e 18
Annex B (normative): Acoustic stimulation of wirelessradio microphonesand similar radio

communications link equipment, conditionsfor thetest set up and

CONFIGUI BEION ...ttt 20
2 T R =g o USSR 20
=T U o (Lo = (o) = o] o PSP 20
Annex C (informative): Examples of wireless microphones, cordless audio, in-ear monitoring

and similar RF audio link equipment within the scope of the present

[0 (oo ] 4= | RS 21
C.1 Wirelessradio miCropnoNe EQUIPIMIENT. .........eiuirierieriereereeeeee sttt sse st s s s ss s e sseene b e s e e nnenes 21
C.2 Cordless audio EQUIPIMENE .......cceiieiiieeie e eeeste st eeesteseesresseestestesseestesteesesreeseessesseessestesnsensestesseensensens 21
C.3 RFaudio link equipment covered within the scope of the present document...........ccccoeeeeeieceecieeneennn. 22
C.4  Low Power Band ] TranSmMitlerS.......ccooeeceiereerrats Meeseeeesie e see e85 e s gafhee e sneeseesneesee e sneeseeseeeneenenssens 22
Annex D (informative): Bibliograpny ...l aibhen s e e 23
Annex E (informative): (O g T[0Tl o TS o A e U SOSS 24
HISIOMY e e e et e s et e st e et e st e e ne e s meene e s e sRe e e e e Rt eaeennesneenenreennens 25

ETSI


B{�"౧���Z��D9����֖����vC[mz	�1��g!���M���C��趼���l*���ɕ�j�6��O�N(���T�ȣC/ek�<ޟ��kɓmNc�1��[�����{��*V��o�+.�

5 Final draft ETSI EN 301 489-9 V2.1.1 (2017-03)

Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

Thisfinal draft Harmonised European Standard (EN) has been produced by ETSI Technical Committee
Electromagnetic compatibility and Radio spectrum Matters (ERM), and is now submitted for the V ote phase of the
ETSI standards EN Approval Procedure.

The present document has been prepared under the Commission's standardisation request C(2015) 5376 final [i.3] to
provide one voluntary means of conforming to the essential requirements of Directive 2014/53/EU on the harmonisation
of the laws of the Member States relating to the making available on.the market of radio equipment and repealing
Directive 1999/5/EC [i.1].

Once the present document is cited in the Official Journal ofithe European Unionwnder that Directive, compliance with
the normative clauses of the present document given in table A.2-confers, within'the limits of the scope of the present
document, a presumption of conformity with the corresponding essential:requirements of that Directive and associated
EFTA regulations.

The present document is part 9 of a multi-part.deliverable. Full details of the entire series can be found in part 1 [1].

Proposed national'transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 18 months after doa

Modal verbs terminology

In the present document "shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

ETSI
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1 Scope

The present document, together with ETSI EN 301 489-1 [1], covers the assessment of wireless microphones, similar
RF audio link eguipment, cordless audio, including low power Band Il transmitters and in-ear monitoring, intended for
the transmission of music and speech, and associated ancillary equipment, in respect of ElectroM agnetic Compatibility
(EMC).

Technical specifications related to the antenna port and emissions from the enclosure port of wireless microphones,
similar RF audio link equipment, cordless audio and in-ear monitoring are not included in the present document. Such
technical specifications are found in the relevant product standards for the effective use of the radio spectrum.

The present document specifies the applicable EMC tests, the test methods, the limits and the performance criteria for
wireless microphones, similar RF audio link equipment, cordless audio, in-ear monitoring and associated ancillary
equipment. This equipment can use analogue or digital modulation techniques.

Examples of equipment types covered by the present document are given in annex C.

Other types of transmitters or receivers, which are intended for combined use, with either wireless radio microphones,
RF audio link equipment, cordless audio and in-ear monitoring will be tested to their appropriate EMC standard.

Low quality speech applications as toy microphones, babyphones etc. operating at frequencies below 50 MHz, occupied
bandwidth < 25 kHz and operating according CEPT/ERC/REC 70-03 [i.2], annex 1 are excluded from the present
document and are considered in ETSI EN 301 489-3 [i.4].

In case of differences (for instance concerning specia conditions; definitions, abbreviations) between the present
document and ETSI EN 301 489-1 [1], the provisions of the present document takeprecedence.

The environmental classification and the emission and immunity requirements used in the present document are as
stated in ETSI EN 301 489-1 [1], except for any specialconditions included-in the present document.

The present document is aimed to cover requirementsto demonstrate.an adequate level of electromagnetic
compatibility.

2 References

2.1 Normative references

References are specific, identified by date of publication and/or edition number or version number. Only the cited
version applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
https://docbox.etsi.org/Referencel.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI EN 301 489-1 (V2.2.0) (03-2017): "ElectroMagnetic Compatibility (EMC) standard for
radio equipment and services; Part 1: Common technical requirements; Harmonised Standard
covering the essential requirements of article 3.1(b) of Directive 2014/53/EU and the essential
reguirements of article 6 of Directive 2014/30/EU".

[2] ETSI EN 300 422-1 (V2.1.2) (01-2017): "Wireless Microphones; Audio PMSE up to 3 GHz;
Part 1: Class A Receivers, Harmonised Standard covering the essential requirements of article 3.2
of Directive 2014/53/EU".

[3] ETSI EN 300 454-1 (V1.1.2) (08-2000): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Wide band audio links; Part 1. Technical characteristics and test methods".

ETSI
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[4] ETSI EN 301 357-1 (V1.4.1) (11-2008): "Electromagnetic compatibility and Radio spectrum
Matters (ERM); Cordless audio devicesin the range 25 MHz to 2 000 MHz; Part 1: Technical
characteristics and test methods'.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the
harmonisation of the laws of the Member States relating to the making available on the market of
radio equipment and repealing Directive 1999/5/EC.

[i.2] CEPT/ERC/REC 70-03 (09-2015): "Relating to the use of Short Range Devices (SRD)".

[i.3] Commission Implementing Decision C(2015) 5376 final of 4.8.2015 on a standardisation request
to the European Committee for Electrotechnical Standardisation-and to the European
Telecommunications Standards | nstitute as régards radio equipmient in support of Directive
2014/53/EU of the European Parliamentand of the Coungit.

[i.4] ETSI EN 301 489-3 (V2.1.1) (03-2017):*ElectroM agnetic Compatibility (EMC) standard for
radio equipment and services; Rart 3. Specific conditions for Short-Range Devices (SRD)
operating on frequencies between 9°kHz and 246 GHz; Harmonised Standard covering the
essential requirements of article 3'1(b) of Directive 2014/53/EU".

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin ETSI EN 301 489-1 [1] and the following
apply:

companding: method of audio processing that compresses the audio dynamic range before transmission and then
provides matching expansion of the signal in the receiver

NOTE: The method is used to improve the audio performance in the RF link.

integral antenna: antenna designed to be connected to the equipment without the use of a 50 Q external connector and
considered to be part of the equipment

NOTE: Anintegral antenna may be fitted internally or externally to the equipment.
low power band 2 transmitters: Band |1 LPD (low power devices) up to 200 kHz bandwidth and analogue modulation

switching range: maximum frequency range over which the receiver or transmitter can be operated without
reprogramming or realignment

vehicle power supply: battery used for the primary operation of the vehicle, i.e. the ignition or starting of the vehicle

ETSI
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3.2 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI EN 301 489-1 [1] and the following apply:

CR Continuous phenomena applied to Receivers
CT Continuous phenomena applied to Transmitters
er.p. effective radiated power
EMC ElectroMagnetic Compatibility
EUT Equipment Under Test
LPD Low Power Device
PMR Professional Mobile Radio
RF Radio Frequency
SINAD Ratio of (Signal + Noise + Distortion) to (Noise + Distortion)
TR Transient phenomena applied to Receivers
TT Transient phenomena applied to Transmitters
4 Technical requirements specifications

4.1 Environmental Profile

The technical requirements of the present document apply under,. the environmental, profile for operation of the
equipment, which shall be declared by the manufacturer. The equipment shall commply:with all the technical
requirements of the present document which are identified as.applicable in annexA at al times when operating within
the boundary limits of the declared operational environmental profile.

4.2 Test conditions

421 Introduction

For the purposes of the present document, the test conditions of ETSI EN 301 489-1 [1], clause 4 shall apply as
appropriate. Further product related test conditionsfarwireless microphones, similar RF audio link equipment, cordless
audio, in-ear monitoring equipment and ancillary eqtipment are specified in the present document.

4.2.2 General

For emission and immunity tests the test modulation, test arrangements, etc., as specified in the present document,
clauses 4.2 to 4.6 shall apply.

For the purpose of EMC tests, body worn or hand held transmitters shall be mounted on a non-conductive stand at least
0,8 m from any conducting surface. The EUT and any other equipment required for the performance assessment before,
during, and after the conclusion of the tests, shall be connected in a manner typical of normal intended use.

Whenever the EUT is provided with a detachable antenna, it shall be tested with the antenna fitted in a manner typical
of normal intended use.

For immunity tests, if the equipment is of a category which permitsit, acommunications link shall be established at the
start of the test and maintained during the test.

The test conditions shall be as follows:

e thetransmitter shall be operated at its norma maximum RF output power modul ated with a suitable
modulation signal (see clause 4.6.1);

o  for stand alone receivers or receivers of transceivers operating in simplex mode, the wanted RF input signal,
coupled to the receiver, shall be modulated with a suitable modulation signal (see clause 4.6.2);

ETSI
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. for duplex transceivers, the wanted RF input signal, coupled to the receiver, shall be modulated with a suitable
modulation signal (see clause 4.6.2). The transmitter shall be operated at its normal maximum output power,
modulated with the test modulation signal, coupled to the transmitter from the output of the receiver (repeater
mode);

e  digitally modulated systems shall use adefined interface to convert between analogue and digital domain (and
vice versa).

4.3 Arrangements for test signals

4.3.1 General
The provisions of ETSI EN 301 489-1 [1], clause 4.2 shall apply.

4.3.2  Arrangements for test signals at the input of transmitters
The provisions of ETSI EN 301 489-1 [1], clause 4.2.1 shall apply with the following modifications.

For transmitters designed to operate from an integral or dedicated microphone (see figure 2) it shall be permissible to
use an acoustic coupling device to inject the normal test modulation signal (see figure 3). The acoustic coupling device
may be provided by the manufacturer.

For equipment which can use a variety of audio capsules, the manufacturer shall declare the type of capsule,
e.g. dynamic, electret, or condenser, to be provided with the system. Only one typeof capsule shall be tested. All other
capsules shall be deemed as compliant. The transmitter shall-be tested at itsmost sensitive input with the test capsule.

For equipment not designed to use an integral or deditated-microphong; thetest signal shall be fed in electrical form to
the most sensitive input socket (see figure 1) using:maximum length.cables as normally supplied by the manufacturer
with the equipment.

The modulation signal used for the tests shall ' be:al kHz:sine'wave tone at alevel declared by the manufacturer to
obtain 100 % audio modulation.

The manufacturer may provide a suitable companionirecéiver that can be used to set up acommunications link. In this
case a suitable attenuator in the companion receiver input may be necessary, see annex B for further details.

In the case of systemswith a digital audio input and outputs this test signal hasto be presented via a suitable test fixture
converting the analogue signal to the digital demain and vice-versa. The applicant shall provide details on the interface
and test fixture used for the test.

4.3.3  Arrangements for test signals at the output of transmitters

The provisions of ETSI EN 301 489-1 [1], clause 4.2.2 shall apply.

4.3.4  Arrangements for test signals at the input of receivers
The provisions of ETSI EN 301 489-1 [1], clause 4.2.3 shall apply with the following modifications.

The wanted RF input signal to the receiver should be modul ated with a suitable signal corresponding to 100 % audio
modulation (maximum channel loading). If it is not appropriate to provide a modulated RF signal to the receiver, the
test may be performed using an unmodulated wanted RF input signal .

The level and make up of the wanted RF input signal shall be declared by the manufacturer. The level chosen shall be
set to avalue 60 dB above the threshold sensitivity of the receiver. Other systems than analogue radio microphones can
define another level more in line with the application. The level used shall be recorded in the test report.

The manufacturer may provide a suitable companion transmitter that can be used to set up acommunicationslink. In
this case a suitable attenuator in the EUT input may be necessary.

ETSI
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Absorber lined test chamber
Y—— RF input  Audi
Wanted e Ou?pﬂ,?
. signal Receiver
Interfering
‘ | | signal Y
| L|—
‘ | Audio test
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EUT :
AN Output Audio
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Figure 1. Test configuration for integral antenna; transmitter operation - electrical input

Absorber lined test chamber
Y—— RF input  Audi
Wanted i omjjtplgt
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. . Receiver
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‘ | Transducer
, e
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Figure 2: Test configuration for integral antenna; transmitter operation - acoustic input
Funnels (optional) Transducer
Audio

—% J( signal

/ N\ generator

Acoustic tube

N
‘ Power
amplifier

Suggested minimum length 1 m (optional)

Figure 3. Example of acoustic coupling jig
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