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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CODE OF PRACTICE FOR HEARING-LOOP SYSTEMS (HLS)

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 emd—arnd aeteitror—to—ether—aetiv - Bt atora andards—Fechnic ai—Speetiications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred 1o fas “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 gnd non-
govefnmental organizations liaising with the IEC also participate in this preparation. IEC collaborate$ closely
with |the International Organization for Standardization (ISO) in accordance with conditions determined by
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as-possible, an intefnational
consgensus of opinion on the relevant subjects since each technical committeghhas representation |from all
inter¢sted IEC National Committees.

ublications have the form of recommendations for international use @and are accepted by IEC [National
ittees in that sense. While all reasonable efforts are made to ensure, that the technical conter|t of IEC
ations is accurate, IEC cannot be held responsible for the way“in which they are used or| for any

der to promote international uniformity, IEC National Commjittees undertake to apply IEC PuHlications
trangparently to the maximum extent possible in their national/and regional publications. Any dijergence
betwpen any IEC Publication and the corresponding national orregional publication shall be clearly indjcated in
the latter.

IEC |tself does not provide any attestation of conformity.*Independent certification bodies provide cqnformity
assepsment services and, in some areas, access tolEC marks of conformity. IEC is not responsiblgd for any
servipes carried out by independent certification badies.

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

No lipbility shall attach to IEC or its directorsy employees, servants or agents including individual experts and
membpers of its technical committees and.IEC National Committees for any personal injury, property dgmage or
othel damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal f¢es) and
expehses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

Atterftion is drawn to the\possibility that some of the elements of this IEC Publication may be the spibject of
patemt rights. IEC shall\not be held responsible for identifying any or all such patent rights.

The main task of JEC technical committees is to prepare International Standards. Howgver, a
technidal committee may propose the publication of a Technical Report when it has cqllected
data of| a djfferent kind from that which is normally published as an International Standard, for

example /'state of the art".

IEC TR 63079, which is a Technical Report, has been prepared by IEC technical
committee 29: Electroacoustics.

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

Enquiry draft Report on voting
29/917/DTR 29/923/RVC

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://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.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that Jit contains colours which are considered to be useful for-~the cjrrect

undefstanding of its contents. Users should therefore print this document uging a
colour printer.
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INTRODUCTION

The performance of induction-loop systems is specified in IEC 60118-4, whereas
IEC TR 63079 gives recommendations and guidance for their design, planning, installation,
testing, operation and maintenance. Provisions for components of a system are given in
IEC 62489-1. Methods of calculation and measurement of the magnetic field, in the context of
human exposure, are given in IEC 62489-2.

This document takes the form of guidance and recommendations. It should not be quoted as if
it were a specification and particular care should be taken to ensure that claims of compliance
are not misleading.

Any usler claiming compliance with this document is expected to be able to justify any|course
of actign that deviates from its recommendations.
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CODE OF PRACTICE FOR HEARING-LOOP SYSTEMS (HLS)

1 Scope

This document, which is a Technical Report, gives recommendations for and guidance on the
design, planning, installation, testing, operation and maintenance of a hearing-loop system
(HLS) intended for communicating speech, music and/or other signals. It is mainly concerned
with HLS for hearing enhancement, in which the signals are communicated to users of hearing
aids eduipped with mragnetic pick-up colls.

This dgcument does not apply to induction-loop systems which use a carrier frequency| nor to
other slystems for hearing enhancement purposes which do not use magnetic induction.

2 Nagrmative references

There are no normative references in this document.

3 Terms, definitions, signs and symbols
For thg purposes of this document, the following terms.and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the fojlowing
addrespes:

e |E( Electropedia: available at http://www.electropedia.org/
e |SQ Online browsing platform: available at http://www.iso.org/obp

3.1 Terms and definitions

3.11
hearing-loop system
HLS
system| including amplifier(s), microphones and/or other signal sources, in which magnetic
fields gre created by.the flow of audio-frequency current in a conductor arranged in the form
of one or more l@ops or a coil or solenoid

Note 1 t¢ entpy: \The technical term for a hearing-loop system is "audio-frequency induction-lop system" (AFILS).

3.1.2
HLS for hearing enhancement

HLS in which the intended receivers are hearing aids or specially designed listening devices
equipped with coils acting as magnetic antennas

3.1.3

direct-to-reverberant ratio

ratio, at a given point in the sound field, of the sound pressure due to the wanted sound
source to the sound pressure due to reverberation

3.1.4

hearing aid

personal amplification system, worn entirely on the listener, which is designed to enable a
person with impaired hearing to hear more easily
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3.1.5

loop listener

listening device which is designed to give an audible output in response to signals transmitted
by an HLS

3.1.6
HLS monitoring receiver
equipment designed to verify the performance of an HLS by audio and visual means

a) providing visible indication that it is powered and when the strength of the magnetic field
produced by the loop falls within a specified range,

b) providing an audio-frequency output by which the sound quality of the HI S transmissions
can be assessed, and

c) proyiding other, optional facilities (see Annex A)

3.1.7
magnetic field strength
magnitpde of the magnetic field, at a stated point in space and ifiya stated difection,
generafed by the flow of alternating current in an HLS

3.1.8
listening plane
plane perpendicular to the axis of telecoils in hearing aids (s€e Annex B)

3.1.9
usefullmagnetic field volume
volumg within which the system provides hearing-aid users with a signal of acceptable quality

[SOURICE: IEC 60118-4:2014, 3.2, modified “~— The brackets have been deleted fropm the
definitipn, as well as the notes.]

3.1.10
system designer
technidally competent person who takes responsibility for the technical specification, |[design
and pefformance of the system

3.1.11
simplel system
HLS thpt is neithersdarge nor complex and does not require specialist skills in order to gchieve
a satisfactory resuylt

3.1.12
countgrsystem
ticket office system
small area HLS designed to assist communication between (usually) two persons, sometimes
through a transparent screen

Note 1 to entry: For example at a ticket office or bank.

3.1.13

complex installation

HLS installation in which any of the following apply:

e HLS that has an approximate coverage area greater than 400 m2;

e it is required to operate close to another HLS, which could lead to co-interference;

e it is required that a certain area is not covered by the HLS, in case it might interfere with
sensitive electronic equipment, for example electric guitars or dynamic microphones;
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e it is required that the system operates on a number of different listening planes;
e an unconventional layout of loop conductors is indicated;

o there is metal in the building’s structure and this causes irregularity in the field strength
when using a perimeter loop

Note 1 to entry: Such installations are likely to require specialized design knowledge in order to obtain a
satisfactory result.

3.1.14

direction of the magnetic field
resultant direction of the magnetic field at a point in three dimensional space, arising from the
phasor sum of components of the field derived by integration over all elements of the
inductipn-loop

3.1.15
HLS reference plane
the plahe to which the magnetic characteristics of the HLS are referred whén, stating sgecified
values

Note 1 t¢ entry The reference plane specification includes its inclination to the hofizontal.

3.1.16
reference magnetic field strength level
0 dB rgference for magnetic field strength levels, which is, 400’ mA/m

[SOURICE: IEC 60118-4:2014, 3.1, modified — The_définition has been rephrased, gnd the
note hds been deleted.]

3.1.17
overspill
magnetic field of usable strength that is pfesent outside the volume in which is it requirg¢d

Note 1 tp entry This magnetic field extends-outside the useful magnetic field volume because a field |of lower
strength|than the minimum specified in IEC60118-4 can still interfere with other nearby HLS or be received with
suitable equipment.

3.2 Bigns and symbols
3.21 Symbol for an.induction-loop

The symbol showntin ‘Figure 1 should be used on circuit diagrams to indicate an HLS.

T

IEC

Figure 1 — Symbol for use on diagrams

3.2.2 Symbol for multiple loops

The symbol shown in Figure 2 should be used on circuit diagrams to indicate a complex or
low-spill HLS.
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NOTE nis the number or letter corresponding to the classification of loop. See Clause 11.

3.2.3

Signs for display should be produced on a durable material.

Areas
positio
adopte

backgrpund colour should be Pantone reference 661 or 662 (blue) @nd the printing shd
in white.

NOTE $ome organizations that support people with hearing loss do not approve HLS unless signs are d
Signs of|other colours are found in use.

Normally the dimensions of the display signs should b& a minimum of 100 mm x 1
when ysed on equipment, they can be of any convenient size.

The sign should appear at a position visible im~normal use on HLS equipment, on loo
junctioh boxes and adjacent to the loop cableitself where it would be helpful to maint

personhel or help to prevent accidental disturbance.

Figure 2 — Symbol for multiple loops for use on diagrams

identification

where the reception of the HLS is satisfactory should be clearly.indicated at
ns by means of the sign shown in Figure 3, which is based ©on-the one or
d by the World Federation of the Deaf. The sign should indicate T as show

IEC

si ¢ lisplay i . | HLS is installed | for HLS inment

visible
ginally
n. The
uld be

splayed.

0 mm;

D cable
bnance

Figure 3 — Sign for display in premises to indicate

3.24

that an HLS is installed and for HLS
equipment identification

Identification of areas where reception of the HLS is not satisfactory

Areas where the reception of the HLS is not satisfactory should be clearly indicated on a plan
of the space by means of the sign shown in Figure 4. The plan should be placed where it can
be seen by both hearing-aid users and staff. This sign should also be placed visibly in the
unsatisfactory area and/or on all seats in that area.
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4

4.1
4.1

This dgqcument is divided into clauses, with recommendations intended primarily for

4.1

The re¢ommendations of this document are intended to lead to the following.

a)

b)

c)

d)

f)

g)

h)

.1 Persons addressed

.2 Objectives
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White

Blue background

Red cancelling line
with white surround

IEC

Fig";e 4 Sign to-show sgating areas-where

HLS reception is not satisfactory

Gégneral

How to use this document

purchasers of HLS (Clauses 1 to 9, 20 and Annex B),

degigners of HLS and HLS equipment (Clauses-9Q)and 10, 20, Annex A, Anngx C to
Annex G),

insfallers of HLS (Clauses 11 to 17, Annex A and Annex H),

thoge responsible for commissioning, testifig, operation and maintenance (Clause$ 14 to
18,{20 and Annex H), and

thoge responsible for day-to-day operations, ensuring that the facilities are accesgible to
as many people as is reasonably pessible (Clauses 19 to 21, Annex A and Annex B).

Prgspective purchasers clearly understand the functions and limitations of an HUS (see
Annex B).

The¢ design, installation and setting-up of the HLS allows compliance with the appropriate
requirementsXfor safety and electromagnetic compatibility and all relevant regylations
relgting to electrical installations.

Us¢rs’, wearing hearing aids equipped with a magnetic pick-up coil receive pignals
trapsmitted by the HLS that are intelligible and free from undue distortion and interference
even when all non-HLS equipment normally used in the environment is in operation.

The reception of such signals is possible in any part of the space; where, by force of
circumstance, the reception in some parts is limited, this is clearly defined and identified
(see 3.2.4).

Visual indication is given to prospective users that an HLS is installed.

Means are provided for the building management to easily verify that an HLS is working
satisfactorily (see Annex A).

The HLS can be satisfactorily operated and maintained by properly trained and competent
personnel.

Where necessary, the HLS is arranged for minimum extraneous coverage. It should be
understood, however, that even if an HLS is designed to limit extraneous coverage, it
might be possible for a determined person outside the intended area of coverage to
receive what might be confidential information.
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Guidance is given on means to reduce possible effects of the magnetic field produced by the
loop on other nearby equipment.

4.2 Specialist advice

Except for home systems sold as a complete kit, the engagement of a skilled system designer
is advisable and is considered to be essential whenever large or complex installations are
involved. Professional bodies can be approached for lists of such specialists.

4.3 Safety aspects

It is essential that an HLS, even if temporary, is installed in a safe manner and in accordance
with safe work practices (see 10.7).

4.4 Conforming to existing performance documents

The pdrformance document for HLS is IEC 60118-4, the requirements of~which havg been
incorpgrated (where applicable) as recommendations in this document.

5 Technical advice

5.1 Complying with this document

Signifigant problems can arise with poorly designed ,oriinstalled HLS. Purchasers |[should
stipulate that the design and installation are to comply)with this code of practice and that the
system| should conform to IEC 60118-4. Operation:and maintenance procedures should also
be in agcordance with this code of practice.

NOTE For small self-install systems intended for home“use, it is expected that the manufacturer has ensired that
the basi¢ requirements of this document will be met ifithe user follows the installation instructions carefully

It is re¢ommended that contracts include'a specific variation clause under which partieg agree
to the fferms of the contract and document any agreed variations.

5.2 Beeking technical advice

While many successful HLS have been installed to date, compliance with this dogument
should|greatly increase'the probability that satisfactory results will be obtained. Its proyisions,
however, cannot be preperly applied without adequate technical knowledge and expefrience,
and eaph design presents individual challenges.

Whereyer possible, technical advice should be sought during the early planning stageg of an
HLS. Such'advice should cover

a) thesuitabitity of am HES fora particutar venmueand/orapplication (see Ctauses 6arnd 9),

b) factors that can adversely affect the performance of an HLS,

c) factors that can add to the cost of installing an HLS,

d) the need for, and scope of, an initial site assessment (see Clause 7),

e) details of the audio source(s) (see Clause 10), and

f) where microphones are to be used, their positioning to minimize extraneous noise and
reverberation (see Clause 10).

In all cases, the responsibility for the correct performance of the system at the time of
commissioning should lie with the system designer. It should be understood, however, that the
system designer cannot be held responsible for the parts of the system outside their control.
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Where the HLS is to be installed as part of other electrical works, it is especially important
that all aspects of the design are clearly specified, especially regarding microphones, required
coverage and overspill.

5.3 The nature of the advice

Advice sought will depend on the particular installation requirements for each HLS, but should
generally be covered by the following categories:

a) advice from the designer/installer direct to the client on all aspects, from initial quotations
for the task in the planning stages through to installation, commissioning and maintenance
of the HLS;

b) adyice from the designer to a technician who lacks experience with HLS installatigns but
who has the task of installing the system (e.g. systems in new buildings where.installation
is tp be carried out by electrical contractors; systems installed by in-house staff);

c) adyice from an appropriate organization or professional body.
5.4 Professional (consultancy) advice

Profesgional advice from a specialist consultant should be sought when installations arg to be
undertaken in extra-large buildings, prestigious buildings and those posing special diffiqulties.

The adyvice of an independent consultant can also be sought n the event of a dispute bgtween
the purchaser and supplier or manufacturer. Such advice can often provide thg most
economnical resolution of the dispute.

6 Purpose of the system

The most fundamental purpose is to help péople to hear, not to meticulously obtain rgadings
on metgrs; these are a method of achieving the desired result.

Before|approaching a supplier, it is important to write down, in non-technical terms, what the
users ¢f the system require it todo and the environment it is to be used in. Care shquld be
taken {Tat this is as comprehgnsive as possible: anything left out at this stage can result in
extra expenditure later.

Factors that should be-Considered include

a) the[room(s) and:three dimensional space(s) to be covered,

b) what sounds)or audio signals are to be reproduced and where they will come from [all the
soyrces-and places),

c) whetherthe audio information needs to be confidential (e.g. a court),

d) known/likely interference from other equipment (e.g. power transformers, air-conditioning
equipment, other HLS, and some fluorescent lighting),

e) building construction, such as structural steel work and metal in walls, floors and ceilings,
particularly close to the looped area,

f) any metal construction within the space (e.g. tiered seating or metal suspended ceiling
grids), and

g) architectural considerations or restrictions (e.g. listed building status).
7 Choosing the system supplier

7.1 General

Possible procedures for acquiring an HLS are recommended in 7.2, 7.3 and 7.4. The choice of
procedure should depend on the size of the space to be covered and any special
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complications which might be involved. Advice can be obtained from organisations that care
for people who are deaf or have hearing impairment.

7.2 Approaching a contractor

Particularly for a simple HLS, a contractor should be asked to conduct an initial site survey
(see IEC 60118-4), design, supply and install suitable equipment and all cabling.
Responsibility for choosing appropriate equipment (microphones, amplifier, monitoring device,
etc.) and for installing and setting up the HLS correctly should rest with the contractor.

NOTE For a small HLS, the cost of a formal initial survey might not be justified, but many contractors will conduct
an informal survey as a matter of course.

7.3 Approaching a manufacturer of HLS equipment

Some manufacturers of HLS equipment and their local representatives are willing to pfroduce
the sit¢ survey for the proposed installation, design a system and, perhaps;Jrecommend a
compeient installation contractor. Manufacturers who are unable to provide this gervice
themselves might offer contact with appropriate designers/installers who-can undertake such
projectp.

Responsibility for choosing appropriate equipment (micropheres, amplifier, etcl) and
commisgsioning the system should rest with the selected manufacturer or designer/installer.
The cdntractor should be responsible to the manufacturer for the correct installation| of the
HLS and commissioning (where this is also undertaken).

For some HLS, the installation contractor might call in a manufacturer to provide detailed
technidal advice on areas of uncertainty or particular difficulty. On these occasigns the
contragtual obligations of the installation contractor and the manufacturer to the prospective
purchager should be clearly documented, preferably under a single contract.

7.4 Approaching a specialist consultant

When |t is appropriate to engage.a specialist consultant, this should be done at the ¢arliest
opportlinity. The consultant should be responsible for the initial survey, design and
commissioning of the HLS, (choice of equipment and for helping to assess indtallers’
propospls. Where necessary; the consultant should also liaise with architects and consfruction
contragtors on matters affecting the HLS. Names of consultants who specialize in this work
can be|obtained from professional associations.

NOTE $uch a consultant might be independent or might be a competent person employed by a manufacturing or
contracting organization.

8 Cgdgntractual provisions

8.1 Performance specification

The purchase contract should include an agreed performance specification, prepared by the
system designer, to which the system is contractually required to conform at the
commissioning stage. Where the choice of equipment to be used is not completely under the
control of the system designer (for example, if some existing microphones are to be used),
any reservation about the suitability of such equipment should be clearly explained to the
purchaser in writing.

8.2 Verifying that the completed system delivers its intended performance

Tests of the completed installation to verify that the HLS performs satisfactorily should be
specified in the contract and should cover
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checks of the system using a meter designed to measure field strength in conformity with
IEC 60118-4,

subjective tests using persons with normal hearing listening through suitable receiving
units,

subjective tests by hearing aid users, with their hearing aids setto T, and
provision of either field-strength meters for use by trained staff or a fixed monitor receiver.

If the subjective tests are conducted correctly and do not provide confirmation of positive
instrumentation checks, the system designer should be held responsible for identifying
measures necessary to achieve satisfactory results. The contract should, therefore, include
adequate provisions for properly defining the system designer’s responsibility with regard to

the preparation of any required remedial proposals and their Implementation.

NOTE The emphasis is on satisfactory results, as determined by the users of the system, rathernthan gchieving

particular objective results from technical tests. See IEC 60118-4.

The syjstem designer should advise on methods of eliminating interference)by the HUYS with
other rlearby electronic equipment, and modifications to the HLS shouldybe agreed with the
system| designer; it is advisable for the contract to specify how thel¢tosts of such rgmedial

work afe to be apportioned.

It might be impossible to predict before the HLS is installed.and tested the need for gpecific
measufes to eliminate interference by the HLS with otherCnearby electronic systems (e.g.
multiple grounding, legacy equipment with inadequate imunity, unforeseen proximity jof loop

cabling to other cabling — see 10.9).

Remedial work should normally be carried out by<the body having technical responsibjlity for

the appgropriate system (telephone systems, eic.

The tepts in Clause 14 are to determinesthe perceived sound quality of the system pnd its
adequate freedom from noise, reverberation and distortion. They are not intenfled to

demongtrate that the needs of any pafticular hearing-aid user are met.

8.3

Arbitration

It is rgcommended that ptrovision is made in the contract for arbitration in the event that

problems arise. Where possible, an arbitration body should be identified.

9

Classification'of systems

Becauge of-the diversity of use for HLS, the following classifications are intended tq group

similar
the int

appllcat|ons prowdlng minimum performance character|st|cs for each group balsed on
h adjacent

counter loops can be conS|derany higher than that of a theatre system as the user is only in
contact with the counter system for a small period of time.

HLS should be assessed by a competent person and assigned one of the following
classifications for operation and performance.

a)

b)

Portable or hand held self-contained equipment. This equipment is designed for
mobile/temporary use only to assist one-to-one communication. It is not intended to be
used on counters or left permanently installed in a location. It should be understood that
such systems have very limited performance, for example the coverage rarely exceeds
0,5 m from the equipment or its microphone.

Small volume systems, for use in counters, signage, intercom, emergency voice
communication system. Coverage is required within a small defined volume (generally not
more than 2 m x 2 m x 0,5 m), where the user is in a fixed position and use is transitory,
for example counter systems for a ticket office, reception desk, help points or disabled
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c)

d)

f)

g)
h)

refuges. For counter systems where confidentiality is important, the design of the HLS can
be required to attenuate the magnetic field outside a designated space (usually the useful
magnetic field volume) to a level at which speech cannot be understood. But it is not
necessary for the magnetic attenuation to exceed the acoustic attenuation.

Perimeter loop systems, for coverage of a single volume where other HLS are not present
in the vicinity and where security, overspill or overcoming significant metal losses is of no
importance, for example church/stone building remote from other buildings containing
HLS.

Mobile loop systems, for temporary use as a perimeter loop in a relatively small space,
where other HLS are not present in the vicinity and where security, overspill or
overcoming significant metal losses is of no importance, for example a system that

| P | P Pa—a-arHaa-atar
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Multi-loop systems, specifically designed to control the horizontal and vertic:lzl field
components for HLS installed in close proximity and/or to overcome significan{ metal
corltent, for example classrooms or cinemas with multiple HLS, an auditarium withh a box
office HLS in same building, reinforced concrete construction, or an officeé space|with a
raiged steel computer floor. The techniques involved depend entirely-on the individual
application: from as simple as a figure-of-8 loop, to the use of separate arrays of Ipops in
conjunction with a phase shifter or similar device. Consultationcof a specialist in pystem
degign is essential to ensure that the correct solution is applied. Professional assogiations
car| be approached for lists of such specialists.

Logp systems designed for purposes other than assistiveilistening such as stage direction
or pbservational counselling.

Bodly worn loops, such as neck loops and ear-hooks\(also known as silhouettes).

Specialist loops which fall into none of the above categories, such as systems for lifts
(elgvators), which generally require detailed design work by a competent HLS speciplist.

Table || gives the required features, performance and indications for different loop ¢lasses
and cqgvers the desired and minimum features of some classes; by their nature thg other

classeg have specific requirements beyond’the scope of this document.

Table 1= Classes of loop system

Class Allowable Field Loop separation? Indicatigns
background noise variation in
the useful
magnetic field
volume
dB (0 dB = dB
400 mA/m)

Portable or hand.held -32, 12 2m Power
self-contained
equipmlent -22 for short time

periods
Small Vettmre system 42 Widthof iUUp 2 €.g. Power; :UUP

2 m for counters using | current, input signal
1 m wide loop present or
- automatic gain
Perimeter loop systems -32, 6 Width of loop x 2 e.g. control active
. 10 m for 5 m wide

Mobile loop systems —-22 for short time loop

periods
Multi-loop systems (for critical Q:S?pr?:;ﬂed by the

listening systems, 9
Body worn loop systems for example Not applicable | Not applicable Power

auditoria, as close

as possible to —47)
Specialist loops As specified by the designer

a

Separation between two adjacent loops in the plane of the loops to minimize the pick-up of signals from one
loop by a hearing-aid user using the other loop. Where loops are installed in rooms one above the other, the
situation is more complex and requires specialist knowledge to minimize interference.
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10 Design

10.1 General

Many successful HLS designs have been produced but because of the proliferation of less-
than-satisfactory design methods and general uncertainty, an in-depth treatment of verified
design procedures is given here. Detailed derivations of the design formulas, and further
information, are given in 10.4 and Annex C.

All values of alternating voltage, current and magnetic field strength are RMS values unless
otherwise stated.

An HLS

a) A s
fiel
co\
corn

b) Usually, the plane of the loop is horizontal and only the veftical component

ma
hod
be

ma

c) The¢ magnetic field strength in item a) over the frequency range 100 Hz to 5 kH

IEQ

b should be designed to provide the following.

ufficiently (but not excessively) strong, and uniform (useful) component]of m
i within the required working area, without producing an unaccgptably ex
erage area which could cause interference with other systems)‘or comp
fidentiality.

gnetic field is effective. If some of the hearing aid users,are lying down, suc
pital, the loop plane should not be horizontal. A special loop’system could alterr
installed. In general, the component of the magnetic field parallel to the axis
gnetic pick-up coil in the hearing aid is the effective component.

60118-4) with acceptable uniformity and amount 6f non-linearity distortion.

(m
val

The fa
current
Apart f

the majjor factor relevant to item b)-is the effect of the impedance/frequency character

the loo|
severa

10.2

For the

No%‘mally, the system should be designed..to- have an overall frequency re

asured as magnetic field strength) which-is*—3 dB at 100 Hz and 5 kHz relativs
e at 1 kHz, and is as flat as practicable(between these frequencies.

ctors relevant to item a) are the dimensions of the loop, the number of turns §
flowing in it, and the perpendicular distance between the loop and the listening
fom the characteristics of theswmicrophones or other signal sources and the ampl

p on the variation with frequency of the current flowing in it. This document co
ways of achieving a sufficiently low variation with frequency.

Bymbols

purposes of this document, the following symbols apply.

A

I¢ngth of the longer side of a rectangular loop, expressed in metres (m)

ngth of the side of a square loop or of the shorter side of a rectangula
xpressed in metres (m)

hgnetic
tended
romise

of the
N as in
atively
of the

z (see

sponse
to the

nd the
plane.
fier(s),
istic of
nsiders

I loop,

Q O

d

I I o"

length of the diagonal of a Toop, expressed in mefres (m)

iameter of the loop conductor, expressed in metres (m)

frequency of the upper limit of the loop pass band, expressed in hertz (Hz)
RMS magnetic field strength, expressed in amperes per metre (A/m)

amperes per metre (A/m)

I

0oz

RMS magnetic field strength at the centre of the loop and in its plane, expressed in

perpendicular component of the RMS magnetic field strength at a point, distance z from

the plane of the loop along the perpendicular through the centre of the loop, expressed
in amperes per metre (A/m)

h height of the telecoil above or below the plane of the loop, expressed in metres (m)

NOTE The usual case where the plane of the loop is horizontal is assumed.

height ratio, 2h/J(AB) for a rectangular loop
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ns per

space

/ RMS current in the loop conductor, expressed in amperes (A)

K direct to reverberant sound pressure level ratio, expressed in decibels (dB)

L inductance of the loop, expressed in henrys (H)

n number of turns in the loop

R resistance of the loop, expressed in ohms (Q)

n resistance ratio (R/aw.L)

74 RMS voltage between the ends of the loop conductor, expressed in volts (V)

Z impedance, expressed in ohms (Q)

a t - I 3 11

1 spect ratio = B/A

6 temperature, expressed in degrees Celsius (°C)

Hg agnetic permeability of space, expressed in microhenrys per metre (094-uH/m)

Po resistivity of copper (wire) at 0 °C, expressed in nano-ohm metres (16,5 nQ-m)

O ngular frequency of the upper limit of the loop pass band, exXpressed in radis
cond (rad/s)

10.3 Basic theory

10.3.1| Production of a magnetic field

Current flowing in a conductor in the form of a loopreduces a magnetic field in the

inside and surrounding the loop. A pictorial representation of this field, in the form of "lines of

force",|is shown in Figure 5.

IEC

Figure 5 — Pictorial view of the magnetic field (lines of force)
of a rectangular loop

The loop has an impedance which can be represented by a resistance and an inductance in
series. For a single turn, rectangular loop, using a solid (not stranded) conductor, the
following formulas apply.

The value of the current (in A) is given by:

_ 7ABH,
2D

(1)
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The value of the resistance (in Q) is given by:

8pp(1+a0)(A+B)
R=
2

(2)

The value of the inductance (in H) is given by:

L:{yO(A+B)}In{A+B} (3)

V4 d

These [formulas are derived in Clauses C.1 to C.3. In most cases, an actual loep* fan be
repres¢nted with sufficient accuracy by a plane rectangular loop of the @same [overall
dimendions. Deviations from the plane (such as might be needed to negatiaté doqrways)
increage the inductance by approximately half as much as would be expected from the
increaged length, but have full effect on the resistance. If the loop shape”is approx|mately
circulaf, or more complex (for example cruciform), the methods indicatéd by Dalsgaafd [1]7,
by Groyer [2] and in C.1 to C.2 can be used to calculate the currentréquired for a givén field
strength, resistance and inductance.

While [the values calculated with Formulas (1) to (3) (or with the simplified vgrsions,
Formulas (7), (8) and (9)) are normally in close accordance with measured vaIuIs, the
resistance and inductance of both trial loops and installed loops should be measured.
Unpredicted effects, such as those due to conducting<and/or magnetic materials or caysed by
work Hardening due to flexure of the loop conductor, might make the measured |values
signifidantly different from those calculated. Thei'measurement might require the uge of a
bridge [specially designed for measuring low values of inductance with high resistive losses. A
measufing frequency of 5 kHz or even 10 kHz helps to avoid errors. It is essential that the
series |equivalent inductance and resistance are measured or calculated, not the parallel
equivalent.

10.3.2| Directional pattern of the.magnetic field

The magnetic field varies in both strength and direction within and outside the loop.| At the
centre |of the loop, the field strength is at its lowest value within the loop, and is dlirected
perpendicular to the plapeof the loop.

In mogt hearing aids; the axis of the telecoil is approximately vertical when the user is
standirlg (or sitting): The output voltage of the telecoil is therefore proportional to the yertical
compofent of.the magnetic field:

V = kHcos ¢

where

¢ is the angle between the direction of the magnetic field and the axis of the telecoil;
k is a constant.

The resulting directional response of the telecoil is shown in Figure 6. It should be noted that
the response is reduced by only 3 dB at I = 45° and by 6 dB at i = 60°. If the axis of the
telecoil is nearly perpendicular to the direction of the magnetic field, the response is greatly
reduced. This occurs, for example, if the telecoil is nearly vertically above or below the
conductor or a horizontal loop, where the direction of the magnetic field is horizontal. There is
evidence that in some hearing aids the directionality of the response of the telecoil is greater

1 Numbers in square brackets refer to the Bibliography.
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than predicted above, probably due to the presence of metal near the coil. It is therefore
desirable that the plane of the loop should be horizontal, or nearly so, if the coverage area
has a horizontal floor and the hearing aid users are standing or sitting.

0°
2 mV 30° Telecoil 0
30° Telecoil
| 60°
1 mV

90°
120°
150°
180°
180°

Axi$ of telecoil in 0° to 180° direction.
The voltage values are typical. Axis of telecoil in 0° to 180° direction.

IEC IEC

a) Plotted on a linear amplitude axis b) Plotted with amplitude in decibels

(logarithmic axis)

Figure 6 — Directional response of a hearing aid telecoil

The avgerage height of the telecoil above\the floor can be taken as 1,4 m when the heailing aid
users ¢an be standing or sitting. Forcsmall loops (where the height affects the perfofmance
more sjgnificantly), and/or where the ‘users can be in other attitudes (such as lying in Hospital
beds), ja closer estimate of the acdtual average height is required. In the latter case, the¢ plane
of the Ipop (or, perhaps, of paft of the loop) should clearly not be horizontal.

The va‘Liation of the magnetic field strength is quite large in the plane of the loop. In paiticular,
the strength becomesvery great close to the loop conductor, and this can cause distufbance
to healing aid users: A" more uniform field strength, both in terms of the total field and of the
perpendicular component, is obtained above or below the plane of the loop (see Figure|7).
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Figure 7 — Variation of the strength of the perpendicular component of the magnetic
field across an axis of a rectangular loop, with listening height as parameter

Care should be taken to distinguish between the total field strength and its coplanar and
perpendicular (normally horizontal and vertical) components, since their variations within and
outside of the loop are quite different (see Figure 7, Figure 8 and Figure 9).

NOTE 1 In the plane of the loop, the direction of the magnetic field is perpendicular to the plane.

NOTE 2 In the areas A immediately surrounding each conductor, the lines of force continue to crowd together,
representing a stronger field.
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NOTE 3 At certain points, above and below each conductor, the direction of the magnetic field is parallel to the
plane of the loop. Normally, at these points, a hearing aid produces no output. For normal listening heights, the
points are outside the perimeter of the loop.
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The dirgction of the coplanar component is along the median, and ¢he field strengths are referred to the field
strength| at the centre of the loop and in its plane as 0 dB.
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NOTE The full line shows the perpendicular component and the dashed line shows the coplanar compongnt of the
field.
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ure 8 — Variation across the median of a square loop of the perpendicular and
coplanar components of the ' magnetic field at a height ratio h,, = 1
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The direction of the coplanar component is along the diagonal, and the field strengths are referred to the field
strength at the centre of loop in its plane as 0 dB.
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Figure 9 — Variation across the diagonal of a square loop of the perpendicular and
coplanar components of the magnetic field at a height ratio h,, = 1
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10.3.3 Uniformity of the magnetic field strength

The problem of disturbance of hearing aid users due to the high field strength near the loop
conductor could occur if the loop were at head-height (or chest-height, for body-worn aid
users) for either seated or standing listeners, and where the listeners could approach the loop
conductor closely. This should be avoided by installing the loop either at or below floor level
or well above head-height, thus giving an even more uniform field than is achieved with the
loop nearer the listening plane, but requiring more current in the loop for the same field
strength at the listening position.

It can be shown (see Clause C.1) that a height ratio %, (termed "relative listening height" by
Dalsgaard) of 0,14 gives reasonable uniformity, for all likely values of aspect ratio of the loop,
but thel resulting distance from the plane of the loop to the listening plane might be fop large
to be gracticable if the loop is large (for example 3,7 m for a square loop of 50 m ‘s|de). In
such a|case, a suitable multiple loop layout can be used. This can reduce the agtual ligtening
height fequired, for a given degree of uniformity, to that required for each sub-loop considered
separately.

The sdparation of the listening plane from the loop plane reduces the-field strength at all
points jof the listening plane. At the centre of the projection of the foop on to the ligtening
plane, |i.e. at the loop reference point, the reduced field strength H,,, for a square lpop, is
given Hy the following formula:

Ho (1+hn2 N2+ n?) @

Hoz - \/E

The dgrivations of this formula and of the apalogous expression for a rectangular |oop of
aspect|ratio y are given in Clause C.2, and values of Hy/H(, with y as parameter are diven in
Table €.1. The field strength due to a square loop falls off more slowly with distance thpn that
of a refctangular loop. For height ratios\up to 0,2 and aspect ratios up to 3,5, the reguction
does npt exceed 1 dB. It is practicable; in this case, to design on the basis of Hy and tp apply
the appropriate correction during final adjustment, provided the amplifier has at least 1 dB of
reserve.

Howevpr, for large values\of h,, the correction becomes large, and should be taken into
accourft at an early stage in design. A large h, usually occurs when the loop is small, as in
houseHold installations.;For example, a 5 m square loop at floor level works with h, between
0,4 and 0,6, for sedted and standing listeners respectively, using head-worn aids, while for a
loop at| ceiling height, for example 2,4 m, the corresponding values are 0,56 and 0,36.| These
values|imply that to achieve at the reference point the field strength calculated for the|centre
of the [loop,.“an increase in loop current, calculated from Formula (4), of 15 % to 50 % is
required./Afsshould also be noted that, when a seated listener using a head-worn aid|stands
up, the|field strength at the telecoil changes by about 1,8 dB for the floor-level loop and about
1,7 dB for the ceiling-level loop.

10.3.4 Reference points for magnetic field strength

Because the magnetic field strength varies from point to point, it is necessary to define at
least one point where the system specification should be verified. It should be noted that
there can be more than one listening plane, for example if the working area includes seating
at different levels, but there can be only one HLS reference plane. It is also necessary to
define the permissible variation of magnetic field strength within the working area. This
variation should be kept to a minimum by a suitable choice of listening height, use of multiple
loops, etc. However, in practice, limitations on the siting of the loop conductor, the presence
of metal in the building and the possible need, in order to avoid overspill, to use multiple or
other loop configurations which produce nulls in the useful component of the magnetic field
often mean that variations of the order of approximately +6 dB relative to the field strength at
the reference point have to be accepted. In determining conformity to the specified value,
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nulls should be ignored, and their acceptability separately assessed. At present, this can be
judged only subjectively.

In general, inadequate signal-to-noise ratio is even less acceptable than variations in field
strength, so any necessary compromise should favour improvement in the former.

10.3.5 Relationship between the requirements of IEC 60118-4 and the characteristics
of hearing aids and speech signals

For medical and other reasons, for example design constraints, the characteristics of hearing
aids which are of interest for HLS design purposes exhibit quite wide variations. The most
important of these characteristics are the "field-to-air sensitivity" which is the sound pressure
level produced for a given magnetic field strength at a specified frequency, and theA"fleld-to-
air frequency response"”. Use of IEC 60118-4 is intended to make it unnecessaryfor. the HLS
designer to know these characteristics of hearing aids, by specifying that the magnefic field
strength level 0 dB at a reference frequency of 1 kHz is 400 mA/m, and limits_for its variation
with frequency. However, there are indications that the designer shouldq~in order tq avoid
over-simplification, be aware of the relevant characteristics of hearing aids“in some depith.

The sqund pressure level presented to the hearing aid user should clearly be the|same,
whethgr the signal is received by the microphone or the telecoil. jHowever, the micrpphone
signal yaries in strength with the distance from the original source of sound, whereas thhe HLS
signal [strength is constant at a given point. It seems reas@nable to adjust the field-to-air
sensitiyity of the hearing aid so that no great adjustment.of the gain control of the aid|(which
normally affects the gain from both sources equally) is(required when switching the a|d from
microppone (M) operation, where the gain control is“dsually set for normal conversation, to
telecoil (T) operation. IEC 60118-4 implies that this\is achieved if a field strength of (0,1 A/m
produces the same output from the hearing aid as"a“’sound pressure level of 70 dB (20 pPa).

The hdaring aid user should also be presefnted with sound of the same spectral distqjibution
(frequgncy response) whether the signal.igyreceived by the microphone or by the telecoil. The
characijeristics of the hearing aid amplifier and earphone are common to both mddes of
operatipn and can therefore be eliminated from consideration, except for the loading effect of
the anpplifier on the telecoil freguency response. It remains, therefore, to consider the
frequemcy response characteristics of the microphone and telecoil. The frequency resp¢nse of
the hepring aid from microphene to earphone is known as the "air-to-air responsg". The
characferistics of hearing aid' microphones vary considerably, mainly for design reasdns: all
that cgn be said is that™there is usually a falling response below 1 kHz, and one or more
peaks |n the 3 kHz range, before a steep fall at higher frequencies.

If the felecoil inithe hearing aid had negligible losses and operated into a high-impgdance
load, itf would\produce an output voltage proportional to frequency, i.e. rising at 6 dB/pctave.
However, the-field-to-air response can be made similar to the air-to-air response fdr most
hearing .aids if the magnetic field strength is within £+3 dB of the value at 1 kHz oyer the
freque j j c-B80448-4-

In practice, it is usual to adjust the current in the loop, and hence the field strength, to be
-3 dB at approximately 100 Hz and 5 kHz (reference 1 kHz), the latter, in some cases, being
dictated by design constraints and/or electromagnetic compatibility (EMC) considerations.
Further equalization of the overall frequency response might be desirable, for example to
compensate for the low frequency response of the HLS microphone(s) (which can be rising or
falling, depending on the distance of the sound source from the microphone) and/or for peaks
in the high frequency response.
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10.3.6 Impedance of the loop

The impedance of the loop can be accurately represented by a resistance and an inductance
in series, the values being given by Formulas (2) and (3) respectively. Formula (2) includes a
temperature-dependent term, because external sources of heat, such as central heating
pipes, or the current flowing in the loop conductor, might raise its temperature, and therefore
its resistance, significantly.

The current ratings of wires suitable for loop conductors should be determined from relevant
IEC or national standards. See also Clause C.2. The value of current used to determine the
required current rating should be the largest current that can flow continuously, taking fault
conditions into account. If no special provisions are made, this is the current required to
accominodate programme peaks, 1.e. at least 1Z dB above ithe long-term average| value,
becauge under fault conditions, for example an open-circuit microphone line, this\ purrent
could flow continuously. However, this criterion demands the use of a much largern copductor
than that required to carry the long-term average current, and this can result in~a.value |of loop
resistapnce which, for some design procedures, is undesirably low. It might'\be preferpble to
provide automatic current limiting, so that currents higher than the long-term-average cpn flow
only f@r periods in the order of tens of seconds. In this way, programme peaks are
accommodated but serious overheating of the loop conductor is prevented.

The inductance is closely determined by the dimensions of thedoeop; very little change |can be
made py altering the conductor diameter. In fact, Formula- (3) can be simplified (see
Clause| C.3) for nearly all practical cases of single turn loops\io:

L=3,2(A+8B) (5)
where [ is expressed in microhenrys.

The current necessary to provide the requjred magnetic field strength and the impeddnce of
the logp at the upper band-limit frequehcy (normally 5 kHz) determine the output capability
required of the amplifier. It should bé)noted that the "rated output power" of the amplifier is
not a pery useful characteristic «in_this context. It is necessary for the amplifier, without
producjng an unacceptable amount of distortion, to be able to perform the following:

a) sugply the required current;

b) produce enough voltage to drive 1/\/5 times that current through the impedance| of the

loop at an upper limit frequency which is lower than 5 kHz because the spectral Igvels of
spgech and music signals decline above about 1,6 kHz.

The arfalysis_so“far makes no assumptions about the value of the impedance of the Joop at
er limjt frequency, relative to the value at lower frequencies. The value of the amplifier
currenf isdixed by the size of the loop. The value of the voltage depends on the impgdance,
which i ; ; - ; i s, the
inductance is also fixed by the size of the loop; only the resistance is under the control of the
designer, who can choose the diameter (and perhaps the material) of the loop conductor.
Normally, it is kept low, so as to keep the required voltage as low as possible.

The impedance/frequency characteristics of loops with the same inductance but different
values of resistance are shown in Figure 10, where the resistance values are normalized to
the inductive reactance at the upper band limit frequency. It can be seen that decreasing the
resistance from a normalized value of 1 to O reduces the value of the amplifier voltage by a

factor of only V2.

NOTE A resistance or impedance is normalized to the inductive reactance at a given frequency by dividing the
value of resistance or impedance by the value of the reactance at that frequency.
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10.3.8

Current-driven loop

The use of an amplifier with a high output source impedance, i.e. a "current-drive amplifier",
simplifies the selection of a suitable loop conductor. The amplifier "power" requirement is
minimized by using a loop conductor sufficiently thick to make the resistance negligible
compared with the inductive reactance at the upper band-limit frequency. In principle, the
demands on the amplifier are further reduced if the conductor is made larger still, but the
practical effect is usually negligible.

Under these conditions, it is necessary to determine only that the amplifier can supply the
current (in amperes) calculated from Formula (1), i.e. | = tABHy/2D, and that it can supply

enough voltage to drive 1/\/5 times that current through the impedance of the loop at the
upper band limit frequency.
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The value of V (in V) is given by:
V =2nf,LI
if the loop resistance is negligible.

The high output impedance of the current-drive amplifier is obtained by applying negative
feedback proportional to the output current. In some cases, this is achieved in such a way that
neither of the output terminals is connected to the common return (earth). In such a case, it is
essential that the loop conductor is not allowed to come into electrical contact with earthed
metalwork. Manufacturers using this technique should consider the effects which would occur

in the gmptifierifthemamssuppty wasimadvertentty conmectedtothetoop conmductor—

Since [the high output impedance of the current-drive amplifier, or the defined |output
impedgnce of the intermediate-drive amplifier, is obtained by the use of a feedback technique,
it can be shown that a minimum load resistance might be necessary in ordero prevent the
amplifier oscillating. It is possible to build this minimum value into the amplifier, so that the
output [terminals can even be short-circuited without risk of oscillation. This is not jalways
done, [however, and the manufacturer's specification should be¢‘eonsulted to determine
whethgr a minimum value of load resistance is stated.

Since fhe impedance of even large single-turn loops is quitélow (a loop of 100 m pefimeter
has an| inductive reactance of 6,3 Q at 5 kHz), the output seurce impedance of the amplifier
does not need to be more than a few tens of ohms’in order to achieve an adequate
approxjmation to current drive. The provision of an “unnecessarily high impedan¢e can
comprgmise stability.

It canie shown that the operation of an amplifier with a reactive load involves increasg¢d heat
dissipation in the output devices. This effect is usually negligible if only speech (and |music)
signals, having a high peak-to-mean ratiogyare involved and there is no clipping of the dignals,
but redults in a heat dissipation of up ta\2,5 times that occurring with a resistive load,|if high
level sinusoidal or other continuous tone signals are present.

10.3.9| Voltage-driven loop

A loop|can be driven by_a constant voltage if its resistance (including any added rgsistive
compopent) is not lesg~than the inductive reactance of the loop at 5 kHz. The afmplifier
requires no equalization (increase in frequency response at high frequencies).

For su¢h a loop,~dusing Formulas (2) and (5), and taking the copper conductor temperafure as
20 °C (but see\Clause C.2 for the effects of temperature rise), the following formula f¢r R (in
ohms) pan be-derived:

R =142x10"7 A+ZB (6)
d

For a current, and therefore a magnetic field strength, at a level of -3 dB at frequency f_ with
respect to its low frequency value:

2nf.L =R

and if f, = 5 kHz, using Formulas (5) and (6), the cross-sectional area of the loop conductor is
calculated as:

7d?/4 = 0,281 mm?
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and
d=0,60 mm

for a loop of any dimensions (see Clause C.2). In terms of 10.3.6, a voltage-driven loop has to
have a normalized resistance of 1.

NOTE It is usual to take 1 kHz as the reference frequency for HLS measurements and specifications. However, an
unequalized HLS behaves as a first-order low-pass filter, and if the upper (-3 dB) band limit is 5 kHz, the response
at 1 kHz is —0,17 dB relative to the value at a very low frequency. This discrepancy, or any similar discrepancy in
the response of an equalized system, is usually negligible, but can cause confusion if the designer does not bear it
in mind. If the upper band limit frequency is lower than 5 kHz, it can be necessary to take the resulting larger
discrepapey-ito-accouht-

The v{lue of d calculated above is the diameter of conductor that produces a.band limit
frequemcy of 5 kHz; a thicker conductor produces a smaller bandwidth, and” a fthinner
condudtor allows a greater bandwidth. It should be noted that this result is independeng of the
size of|the loop.

For a Very small HLS, such as for a single living room or small committee room, a single turn
loop mlght have an inconveniently low impedance unless a very thin.and fragile conddictor is
used. It is possible to include a fixed resistance in series with the loop. Alternatively, a multi-
turn lopp can be used. The formulas for the characteristics oef{multi-turn loops are djiven in
10.3.6.| Because, relative to a single turn loop, the inductance of an n-turn loop is ingreased
approxjmately n? times, while the resistance is increased only n times, very thig (high
resistapce) conductors are necessary for multi-turn voltage-driven unequalized loops in order
to keep) the normalized resistance equal to 1 (see the Note to 10.3.6).

In the ¢ase of a very small multi-turn loop, such»>as a neck loop or a ticket office system (see
Clausel 9 and Annex B), the use of a series r&sistor, of adequate power dissipation, mlight be
the optfmum technique.

10.3.1Q0 Voltage-driven loop with high-level equalization

If the Ipop dimensions are too large, or the chosen conductor is of too low resistance, |for the
loop tg be voltage-driven without equalization, it is possible to provide this by connefcting a
network, consisting of a capacitor and a resistor in parallel, in series with the loop
(see Higure 11). Careful\design is necessary in order to achieve correct results. The
technique could be of Use if it is necessary or convenient to use an amplifier designed for
"voltage line" (e.g. 100_V or 70 V) service, perhaps because other amplifiers of the sanme type
are used for sound.reinforcement in the same building, and in this case, a loop impgdance
higher [than the-eptimum for other techniques is required. This is one of the cases where it
can beladvantageous to use a loop of more than one turn.

Another«réason for considering this technique is that the equalization can be applied without
making modifications to the amptifier or providing more than a minimum of supptementary
equipment; the components can be incorporated in a terminal box where the amplifier output
lead meets the loop conductor. Amplifiers for 25 V or 50 V line operation can be connected to
loops of the appropriate impedance directly: those for 70 V or 100 V line operation can need a
transformer unless the loop perimeter or the number of turns is large.

For a loop of n turns, the design formulas are converted as follows. The value of the current
(in amperes) is given by:

| _ mABHy

2nD (7)

The value of the resistance (in ohms) is given by:
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R 8npp(1+a0)(A+B)

(8)
2
The value of the inductance (in microhenrys) is given by:
L =3,2n2(A+B) (9)

Compared with a single turn, the value of the current needed is reduced n times, but the
inductive reactance at the upper band limit is increased n? times, so the value of the amplifier
voltage output needed is increased, by a factor that depends on the normalized resistance of

—oop—Fer—examplte—ifthe—single—turr—has—arormatized—+esistance—o —aty n-turn
the same conductor has a normalized resistance of 1/n, and the normalized

impedgnce at the upper band limit is \li1+1/n2i, and is predominantly inductive? It pan be

seen that very little is to be gained, in terms of minimizing amplifier "power" (i.e. yoltage
requiregment times the current requirement), by using more than three_tursns which [give a
normaljzed impedance of 1,054. The actual impedance continues to increase as n2.

NOTE 1| Alternatively, since the n-turn loop requires only 1/n times the current for\the single turn, the cpnductor
cross-sectional area could be reduced in proportion. This results in an n-turn laop, with a normalized residtance of
1, which|could be voltage driven without equalization, but the conductor has 4o’ be very thin (e.g. a maximjum area
of 0,098 mm? for a three-turn loop). It is difficult to install such thin conduétérs without damage, and t¢ protect
them adequately so that they are not broken by movement of the building structure due to temperajure and
humidity|changes. However, they can be used in neck loops.

NOTE 2| Because the equalizer network effectively presents the{amplifier with a mainly resistive load, tHe use of
this techpique does not involve any extra heat dissipation in the;amplifier, as is required in other cases.

If equajization is employed, it should be exploited,to give the maximum practical advanfage, in
reducing the amplifier "power" requirement: It can be shown that the maximum ppssible
reductipn is by a factor of 2, which implies zero loop resistance.

It is sHown in C.4.5 that, for a given~shape of frequency characteristic and value of upper
band limit frequency, there is a unique solution for the values of the components R4, Ry and C
shown fin Figure 10, in terms of the'inductance L (in henrys), which itself is practically f|xed by
the logp dimensions. The désign formulas, for a practicable case, giving a nearly flat
frequemcy response, are as follows.

27f.L
The value of R, (in ochms) is given by: Ry = c
1( )is g Vi Ri= 5652
The value of R, (in ohms) is given by: R, = 2L
3,751
The value of C (in farads) is given by: C :%
47°fSL

Thus, the normalized resistance of the loop is 1/3,751, i.e. 0,267, and the normalized
impedance is 1,035, which is very close to the theoretical minimum. While Ry and C are
discrete components, R, is the resistance of the loop, and the conductor size should be
chosen to achieve this value of resistance (while being of adequate current rating); a small
discrete padding resistor can be necessary. It should be noted that the discrete resistors can
dissipate considerable power, particularly under fault conditions giving a constant high loop
current. If R, is too large, a padding inductor can be used, or a higher value of f; accepted, so
that the above formula for R, is satisfied.

The fact that a constant voltage applied to the input of the equalizer (see Figure 11) produces
a nearly constant current in the loop at any frequency, falling by 3 dB at the upper band limit
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frequency, implies that the impedance at the equalizer input has the inverse characteristic.
Since the impedance at low frequencies is (R4 + R,), a simple check of the correct design of
the equalizer is to measure the equalizer input current at a range of frequencies, while
applying a constant voltage V across the input terminals. The current should be substantially

constant, at a value equal to V/(R; + Ry) at low frequencies, falling to ,/2/2 = 0,71 times the
low frequency value at the upper band limit frequency fe-

T

i
L o
From amplifier |

IEC

Optional transformer Equalizer Eoop

Figure 11 — Circuit diagram of a "high-level:<equalizer (for insertion
between the amplifier and the loop)

10.3.11 Voltage-driven loop with low-level equalization

It is thgoretically possible to compensate for‘the frequency response produced by a Joop of
inadequate bandwidth by the inclusion .of*a passive equalizing network before the final
amplifier. However, the use of this technique is not generally advisable because the final
amplifier is then subject to the same_increased heat dissipation requirements as for a durrent-
drive gmplifier, and it is not likely to have been designed with these in mind. Algo, the
equaliging network has to be designed specifically for the inductance and resistance| of the
loop being driven, and considerable technical skill is needed. It should be noted that the
action pf a treble-boost tone-control is most unlikely to produce correct equalization.

10.3.12 Use of transformers

The dgsign methods’ given in this document allow the connection of the loop to the amplifier,
either directly(or>via a high-level equalizer, without the need for a transformer. This is
becauge thecuse of transformers can pose difficult design problems, and the nedessary
transformer(s) are often not available as stock items and have to be made specially.

There are two cases where the use of a transformer can be the best practice. In the first case,
the amplifier has to be sited several metres from the loop, and losses in the connecting cable
would be excessive if it had to carry a large current. The design method described in 10.3.8
can then be used, resulting in a high-impedance loop carrying a low current. An alternative is
to use the design method described in 10.3.10, making the loop resistance 4 Q or 8 Q, in
conjunction with a "voltage line" amplifier, and to place the matching transformer, which can
then be a standard type, close to the loop. The power required by the loop should be
calculated as shown in 10.3.8 and an allowance of up to 2 dB made for the transformer
losses.

The second case occurs where a very large loop is necessary, and the required current is
larger than can be provided by any available amplifier. One technique which can be applicable
is the use of multiple loops (see 10.3.17), but it is also possible to combine the output
currents of several amplifiers by means of a transformer specially designed for this purpose.
The advice of the manufacturer of the transformer should be followed in this case.
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10.3.13 Effects of building construction

Metallic (or other electrically conducting) material used in the construction of the building, or
in subsidiary structures such as the framework for tiered seating, can affect the performance
of an HLS in two ways. The effect which is usually of lesser importance is the distortion of the
magnetic field distribution caused by magnetic materials. Structural steelwork usually has an
appreciable local distorting effect on the field distribution, and produces a less evident
general reduction in field strength. If the steelwork forms closed magnetic circuits in a vertical
plane, it can be better to position the loop inside these circuits rather than outside them

(see Figure 12).

o
The loop should run inside the frames and be routed as far from them as
possible. Note the shaped corners.

IEC

Figure 12 — Preferred loop layout in a steel-framed building

Extended steel frameworks, ‘such as those used for false ceilings or tiered seating, produce
gross distortion of the field\distribution. To combat this as far as possible, the loop shquld be
positioned as far below\or above the framework as possible, the listeners being betwgen the
framework and the loop. The presence of steelwork can significantly increase the inddctance
of the Ipop, hence increasing the voltage requirement for the amplifier.

The effects _of-eddy currents in metal, even steel, structures are usually more significapt than
the magnetic effects. The general effect is a reduction in magnetic field strength, withput the
creation“of“areas of increased strength. This is increasingly a problem in new buildings, due
to the use of expanded or perforated metal mesh in wall construction and to the use of
aluminium foil-laminated insulation boards. Some improvement can be obtained by positioning
the loop as far as practicable away from the structure concerned. In severe cases, it might be
necessary to modify metal structures in order to break the main eddy current paths (see
Figure 13). Eddy current loss tends to cause the overall frequency response of the HLS and
hearing aid to be subject to a fall at 3 dB/octave with increasing frequency, superimposed on
the other characteristics. Small metal objects and vertical metal panels, such as signboards,
normally have very little effect on the magnetic field.
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Figure 13 — Methods of breaking eddy current paths in metal structures
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The box should be as close as possible to the amplifier output terminals. The voltage rating of the 1 nF capacitors
should exceed the peak voltage expected from the amplifier output.

Figure 14 — Filter for attenuating VHF signals picked up by the loop
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Interference due to external magnetic fields (usually from mains-powered electromagnetic
equipment, such as transformers, motors and inductors in fluorescent lamp control gear) is
often extremely difficult to reduce. Spatially separated line (or phase) and neutral mains
conductors can also cause severe interference. This interference would be present even if
there was no HLS installed. In some cases, shielding the source with high-permeability sheet
can be effective and economically feasible. It should be noted that shielding materials which
are much less costly than high permeability nickel-iron alloys are now available. If shielding is
not usable, and the signal-to-noise ratio is unsatisfactory, even with a field strength of
400 mA/m, use of a modified or different system of communication, such as infra-red, should
be considered, but it should be realized that these systems are not only more difficult to
administer but are also less socially acceptable.

NOTE $ome hearing aids can be susceptible to radio frequency interference.

Except| for household systems, both the HLS itself and any sound reinfércement or
reprodiiction system used in the same building should use balanced screened wiring| for all
low-leviel circuits. In some cases, it can be necessary to use high quality, corteectly connpected,
screengd star-quad cables. Electronic equipment should not be positioned.inside the garea of
the loop, unless this is unavoidable.

In ordgr to minimize the production of magnetic fields at frequencies above 5 kHz, |due to
harmonic distortion of the loop current, measures should be takeén-to prevent clipping of large-
amplityde signals, not only at the output of the power amplifier,'but elsewhere in the dystem.
This can be achieved by means of automatic gain control (AGC) and "soft clipping" fircuits
(which| usually work by applying non-linear negative feedback or voltage-coptrolled
attenugtion to excessive signal peaks), or by other techniques, such as dynamic bandwidth
controlf It should also be ensured that the high-frequency content of any tone sigpals is
sufficigntly low, and that the sending-end bandwidth of the system is no larggr than
necessary.

telephgnes and video systems) by thedirect induction of audio-frequency currents into
condudting loops formed by the wiring, of the target equipment or system. Such interference
cannot| normally be eliminated by modifying the HLS (except where re-routing of [cables
proves|effective), but can be eliminated by suitably modifying the target equipment or pystem
so as o break the loop(s). It is essential that electrical safety is not compromised|in this
event. Methods of breaking loops are shown in Figure 15.

The magnetic field produced by the loop.:can affect other equipment and systems ﬁECh as

::oﬂ ouo o o

lj.:' J] Mains lead and plug having

Cable tie mains leads together an earth connection

Sockets should be physically adjacent
and connected directly in parallel.

Video Video Computer Balanced input
Camera transformer monitor terminal  line driver VDU

‘5\/\ _I_I_D 3388388 —LI_Q

NOTE The video transformer can be replaced by a balanced-input video distribution amplifier.

IEC

Figure 15 — Methods of "breaking” loops into which interference voltages
could be induced by an HLS
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10.3.15 Tone signals

Tone signals can be needed to show, in the absence of any other signal, that the HLS is
working. They also can be needed as time signals, alarm signals, for communication with
staff, or for testing purposes. It is essential that any tone signals used in the system do not
include unnecessary high frequency signal components. All signals, particularly those
digitally-generated, should be low-pass filtered so that the residual voltage above 5 kHz is at
least 40 dB below the signal voltage. Appropriate levels for tone signals, referred to
0 dB = 0,4 A/m or other designed reference value, at the loop reference point(s), are as
follows:

a) testtones: -12 dB;
b) adrinistrative Tones (time signals and staif messages): —18 dB,

c) emprgency tones: 0 dB;

d) corffidence tones: —18 dB.

The ddty cycle (i.e. the ratio of "on" time to "off" time) should not exceed\} to 4, in grder to
reduce|heating effects in the amplifier due to operation with an inductive(lead.

10.3.16 Equalization, other than for compensating loop impedance characteristic$

In a sqund reinforcement system, equalization is provided to“Cempensate for the frefjuency
characiteristics of microphones, loudspeakers and their interaction with the auditorium. In an
HLS, dnly the loudspeakers are absent; the auditorium_still affects the characteristicy of the
sound feaching the microphones. It is likely, therefore,-that equalization to compensate|for the
microphone and auditorium characteristics can providé a useful improvement in sound clarity
and infelligibility. The final adjustment of the equalization should involve a panel of hearing
aid usqrs.

10.3.17 Multiple loops

Many gonfigurations of multiple loops_have been reported in technical and scientific literature
concerped with HLS. Some of these’ do not function as described by their authofs, use
techniques which are not optimum, are costly to install and/or have undigclosed
disadvaantages. Any complex loop layout should be constructed as a simple scale mofel, on
which field strength and distribution measurements can be made.

Multiple loops should be._used for the following four purposes:

a) to reduce the distening height required for a given degree of uniformity of the magnetic
fielf;

b) to ¢over-an area requiring, for a single loop, a larger loop current than one amplifijer can
proyvides;

C) to minimize the mngnnfir‘ field c’rrnngfh in rnginne outside the coverage area;

d) to improve coverage, when a single loop cannot provide even coverage due to the effects
of steel in the building construction.

The layout shown in Figure 16 a), with currents in the adjacent conductors in the same
direction, produces a field distribution similar to that for each loop separately, which achieves
the object of item a). However, since the field distribution for each loop resembles that of a
single loop, the field above or below the adjacent conductors is directed horizontally, so that a
normal hearing aid produces no output in this zone. It is sometimes suggested that this is
acceptable if the null region is located in a centre aisle, but this can cause hearing aid users
not to hear emergency announcements.

NOTE 1 If the null region is very localized, as is often the case, this system can be used without difficulty.

The layout shown in Figure 16 b), with currents in adjacent conductors in opposite directions,
produces a field distribution nearly identical to that of one large loop. This can be seen from
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the fact that the fields due to the opposing currents cancel, leaving only the fields due to the
perimeter conductors. In this case, there are no nulls in the vertical component of the field
within the loop, but the listening height has to be that calculated for the large loop. It is
possible to combine the techniques of Figure 16 a) and Figure 16 b) if four sub-loops are
used.

Loop width

X

Y LY g —1
1 [ L&l s I l %
I£¢ 12 2 1
Amplifiers Amplifiers
IEC
Xx = dimension required to
meet overspill specification
IEC
a) Laydut for reducing the actual b) Layout for covering.an area c) Layout for reducing the field
listenjng height required for a larger than can beiserved with strength outside the coJerage
given degree of uniformity of field one amplifier area

strength

Loops should never be connected in parallel, becatise the currents in the loops would be nearly impopsible to
predict.

Where cpnductors are shown close together, (twin twisted or flat cable should be used. This does not negessarily
apply to jadjacent conductors of loops 1 and 2'in Figure 16 c).

In Figurg 16 a), the adjacent conductors carry currents in the same direction so that their magnetic fields add
together| The adjacent conductors in‘Figure 16 b) carry opposing currents. If these currents are of equal mpgnitude
and phage, the fields generated by the conductors cancel.

The relajive current directions_in loops 1 and 2 in Figure 16 c) are unimportant, because the currents are 90° out of
phase ol have a time delay.between them.

Figure 16 — Multiple loop layouts

While
case sjmiilar to the above should
intl"odu g aceceptanre1HRon -‘ O
be used.

he mumber of possible loop configurations is clearly infinite, it is considered thgt in no
the adjacent conductors be separated, as this is lipble to
FrH ie istribttior—twin ot should

The reduction of the field strength outside the coverage area has been the subject of much
study; some proposed solutions require complex loop layouts. A reasonably practicable
method is to use groups of loops fed with currents having a 90° phase difference
[see Figure 16 c)]. Two amplifiers and a wide-band audio 90° phase-shift network are needed.
The principle is explained, with practical results by Olofsson [3]. Design information on
suitable wide-band 90° phase-shift networks is given by Williams [4]. It should be noted that
according to Olofsson [3], the word "uncorrelated" is mostly used to mean "in quadrature" or
"with a 90° phase difference"”, and that some of the examples of less than satisfactory designs
are particularly bad examples.

An illustration of what can be achieved with this technique is given in Figure 17. It should be
noted that the horizontal component of the magnetic field is not reduced as much as is the
vertical field. This can cause disturbing effects as listeners (including hearing aid users
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outside the coverage area) change attitude. Within the loop working area, the horizontal field
is uniform enough to be usable, if required. An alternative technique mentioned by
Olofsson [3] is to use an electronic delay instead of a 90° wide-band phase-shift network. A
delay of 10 ms is reported as satisfactory, in spite of producing a comb-filtered frequency
response characteristic, with a null at every multiple of 100 Hz. The audible effect of this
comb filtering is very small on speech signals.

NOTE 2 The phase difference between the fields due to adjacent loops (90° if a wide-band phase-shift network is
used, or proportional to frequency if a time-delay is used) produces a rotating magnetic field in the vertical plane
(see [4]). If the vertical and horizontal components of the magnetic field are of approximately equal strength, the
directional response of the telecoil (see Figure 5) is partially nullified, and communication can take place
irrespective of the body attitude of the hearing aid user, but can vary according to the direction the user is facing.
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b) Parallel to the plane of the system
Figure 17 — Variation across an axis of the system, at a height ratio of 0,32, of the

component of the field strength, for a loop system similar to that shown in Figure 16 c),
compared with the corresponding variations for a conventional single loop
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10.3.18 Protection of loop conductors

Insulated and sheathed cable or cable conforming to recognized international documents
might in many cases need no further protection, if sited out of reach. In other cases, and
particularly if unsheathed equipment wire is used, protection by means of rigid plastics tubing,
or equivalent, should be provided. It has been shown that non-magnetic metal sheathing or
tubing (for example in the form of mineral insulated copper sheathed (MICS) cable), as can be
needed in extreme environments or to minimize the risk of spread of fire, has very little effect
on the magnetic field, provided that the sheathing does not form a complete circuit around the
perimeter of the loop. The cable should be of the plastics sheathed type, earthed at one point
only, and suitably identified so that it is not used as an earth continuity conductor when mains
supply wiring is subsequently modified.

10.3.14 Automatic gain control (AGC), compression, limiting, noise gating and volice
control

10.3.19.1 Explanation of techniques

It is necessary to distinguish carefully between these rather similar(techniques, bgcause
incorrefct application can have serious consequences.

AGC ig a technique which automatically controls the gain of an‘amplifier so that the|output
voltagq remains practically constant even though the input.veltage varies (above a [certain
threshgld value). To be effective, the system should have a)fast attack time, of the drder of
100 mg, with a peak detector. The release time should be\much longer, of the order of $everal
seconds.

Compression is a technique which changes the gain’of an amplifier (above a certain thfeshold
input voltage) from a constant value to a value)proportional to a fractional power (g.g. the
square| root) of the input voltage. The attackitime can be short enough to follow the| signal
waveform approximately (e.g. 50 ps), whileithe release time is normally much longer, pp to a
few se¢onds.

Limiting is a fast-acting techniquejin which the peaks of the output voltage are removed. This
can repult in much distortion,~and the production of radiated interference, but thdre are
techniques which produce only reasonably acceptable amounts of distortion (e.q. "soft
clipping") and which are not likely to cause interference.

Noise gating is a technique which considerably reduces the amplifier gain (perhaps [slowly)
when the input signakfalls below a threshold level for several seconds.

Voice fontrol\is’a technique which holds the amplifier gain at a low value until a| signal
exceeding @ threshold level is received, when the gain is rapidly increased to a pre-sef value.
The tegchnique is also often described as "automatic microphone mixing" or "aufomatic

microphefre-controt™

10.3.19.2 AGC

AGC is useful in microphone amplifiers to compensate for quiet or distant talkers, while
compression or limiting can be used to reduce the peak-to-mean ratio of programme signals
so as to reduce amplifier demands. This should not be carried too far; a peak-to-mean ratio of
about 9 dB should be preserved, in order to prevent speech sounding too strident.

10.3.19.3 Noise gating

Noise gating is useful if acoustic noise is relayed by the HLS at a level which is annoying in
the absence of wanted signals. Voice control is useful in that it enables some systems to
operate satisfactorily without the need for an operator to switch microphones on and off.
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10.3.20 Signal-to-noise ratio

An HLS that produces the correct magnetic field strength and the correct frequency response
can still be unsatisfactory if the signal-to-noise ratio is inadequate. Noise in the absence of
signal can be annoying if too loud, and noise in the presence of wanted signals reduces
intelligibility. It is known that, to reflect accurately the results of subjective tests with persons
of normal hearing, these two effects should be measured with different meters and frequency
weightings. Noise alone should be measured with a true RMS meter and A-weighting, while
the disturbing effect of noise in the presence of a wanted signal should be measured by
means of a quasi-peak meter and psophometric weighting. In the absence of reports of
subjective tests with hearing-impaired persons, the above methods should be used. For most
types of noise, the psophometric method g|ves less favourable values, by a margin of 6 dB to

14 dB o ~H . £ 4 1
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Noise in an HLS comes from the following three sources:

a) elegtrical noise, generated in microphone amplifiers, etc.;
b) acqustic noise, picked up by the HLS microphone(s);

c) magnetic noise (interference), mostly from mains-powered electromagnetic equipment,
sudh as transformers, motors and inductors in fluorescent lighting.control gear.

Electri¢al noise should not be a problem with well-designed €quipment, but care shquld be
taken pot to operate amplifiers at unnecessarily low signalilevels, as this can significantly
reduce|the signal-to-noise ratio. Careful adjustment of gain distribution in the system mfight be
necessary to prevent overload (clipping), while maintaining a high signal-to-electrical noise
ratio.

Acoustjc noise should be reduced to a practicable minimum, bearing in mind that thg¢ noise
should|be assessed by measuring and listening to the signal picked up by the microghones,
as this[can be more affected by air-conditiening noise, for example, than by the sound in the
body of the auditorium. An HLS cannot proyvide the degree of discrimination against unvanted
sound [that normal binaural hearing does. If necessary, noise gating can be used|in the
amplifier to reduce noise in the absence of wanted signals.

Magnefic noise normally occurs,as a mains power frequency (normally 50 Hz or 60 Hz] signal
with stfong harmonic components, especially at odd multiples of the fundamental frequency.
Such d signal can produee\very different results when measured with a true RMS meter and
A-weighting, compared,_with those obtained with a quasi-peak meter and psophpmetric
weighting. The shape\of the overall frequency response of the HLS and hearing aid t¢nds to
emphagize the harmonics, and the psophometric measurement gives more realistic [results
under these conditions. Noise gating cannot reduce magnetic noise, which would be |picked
up directly by'the hearing aid even if the HLS were not present.

Reseaich by Zurek and DeIhorne [5] has suggested that in the absence of reverb
normal, T T ' i ) ' '
to consonant reception (WhICh mostly determines intelligibility) when presented with signals of
equal audibility (i.e. at the same level with respect to the individual's (shifted) threshold). In
the context of HLS, the audibility should be secured by the action of the hearing aid in
presenting an appropriate sound pressure level to the ear. The signal-to-noise ratio which is
then acceptable is, according to [6], similar for mildly and moderately sensorineurally-impaired
subjects as for normal subjects, and for the latter a signal-to-noise ratio (psophometric) of at
least 26 dB, referred to the signal level measured with a peak programme meter (PPM), is
generally considered acceptable. This ratio normally corresponds to a signal-to-A-weighted
noise ratio (the signal level being measured on a PPM) of between 30 dB and 40 dB,
depending on the noise spectrum.

Harris and Swenson [6] indicate that the combined effects of reverberation and noise are
complex, and can depend on the individual talker and listener, independent of conventional
measures of the listener's hearing status. In general, moderate to severe hearing loss results
in great sensitivity to reverberation in the presence of noise, and in cases of severe loss,
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reverberation by itself is very destructive of intelligibility. It is therefore essential to minimize
the reverberation content of the signal applied to the loop.

10.3.21 HLS for purposes other than assisted hearing

HLS are increasingly being used for communication with persons of normal hearing, for
example for private signalling to staff and for commentaries at exhibitions. For speech-only
communication, there is no reason to extend the frequency response of the system above
5 kHz (compare, for example, the public telephone system bandwidth of 3,4 kHz, and that of
AM radio of less than 4,5 kHz). In some cases, however, realistic music reproduction is
required, which demands equalization in the receiver. An extended overall bandwidth can
then be obtained without extending the bandwidth at the sending end (i.e. still allowing the
magnefic Tield strength 1o fall by 3 dB at b kKHZ), by relaxing the equalization above |5 kHz.
This rgduces the signal-to-magnetic noise ratio at very high frequencies, which jis ‘rarely a
problem, whereas extending the bandwidth at the sending end can cause increasefl EMC
problems.

10.4 Pystem components

10.4.1| Final amplifiers

NOTE 1| The term "final amplifier" is used in preference to "power amplifier" because the function of the pmplifier
is not primarily to deliver power to the load.

NOTE 2| The term "integrated amplifier" is used to mean a combination“of a final amplifier and a preamjplifier or
mixer in the same enclosure.

Distortion should not be a problem with modern amplifiers of good design, provided ¢lipping
does nlot occur. In the working range, the total harmonic distortion should not exce¢d 1 %
under any conditions, or 5 % if AGC or "soft clipping" is used.

NOTE 3| See also Annex E.

In connection with the need to provide sufficient voltage and current to the loop, it is important
that bdilt-in protection circuits in the amplifier do not malfunction, so reducing the mgximum
voltagq and/or current available toimeet the requirements of highly reactive loads asspciated
with lopps of low normalized resistance. A method of determining this is given in IEC 60268-3
(see alpo Baxandall [7]).

To reduce the risk of hum problems due to earth loops, the connection of the safety earth
condudtor to the metalwork of a safety class | amplifier should not be shared with any other
connedtion, least ofiall a high-current return connection for the power supply. Any switching,
or renpjovable Ainks, intended to separate "technical" and "safety" earths, shoyld not
comprgmise safety.

Except| fot/household systems, inputs for microphones should preferably be balancdgd, and
should preferably employ magnetically-screened itransiormers, aithough properly designed
electronically balanced circuits are also satisfactory. Signal indicators should be provided for
input signals, and for the output current. Preferably, the output current indicator should show
whether the current is within the necessary range, either by means of a meter or bar-graph
display with scale marks set on commissioning, or by means of, for example, three illuminated
indicators with different, pre-set sensitivities. An indicator light should also be provided to
show that mains power is "on". Provision should be made for monitoring the signal current in
the loop using headphones and/or a loudspeaker.

10.4.2 Preamplifiers and mixers

Inputs for microphones should preferably be balanced, and should preferably employ
magnetically-screened transformers, although properly designed electronically balanced input
circuits are also satisfactory. Phantom power should be provided for capacitor microphones
that require it. The use of user-variable tone controls on individual channels should be
minimized; equalizer controls should be set and locked on commissioning. Where a graphic or
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parametric equalizer is provided, either built-in or as a separate unit, the controls should also
be set and locked. The same applies to controls for gain (except where an operator controls
the system), AGC and limiting. Signal level indication should be provided to give assurance of
correct operation of AGC. Signal level metering should have PPM characteristics; it is usually
not necessary to use true RMS metering.

If any but the simplest system is required to work for more than approximately 24 h with no
operator present, voice control and or noise gating, together with AGC are recommended.

Connectors for low-level circuits should preferably be of the noble metal plated type.

10.4.3 —Signat-sotrces
10.4.31 General

The prime technical objectives of an HLS are the improvement in the signal to-hoise ratio and
direct-ﬂo-reverberant ratio, in order to improve the intelligibility for the hearing aid user. As
such, the choice of the audio source and the choice and positioning of.microphones| are of
paramg@unt importance.

10.4.3.2 Connection to television sets

Some {elevision sets have the circuits in electrical contact with the mains supply. Unlgss the
receivgr has external connections for loudspeakers or lire-tevel audio output, it is egsential
that ng attempt is made to connect an HLS to it elegtrically without first consulting the
manufgcturer, as the safety certification of the receivér would be violated and a fatal agcident
could result. HLS kits which use a microphone, or<other non-contact means of obtainjng the
audio gignal can be used, in accordance with thesxmanufacturer's instructions, without| safety
hazard

10.4.3.3 Interconnection with sound reinforcement systems

Where[the room configuration is constant, it can be satisfactory to derive the signal [for the
HLS frgm a sound reinforcement system. If so, it should be derived from a low-level oufput on
the mixer or amplifier of the sound reinforcement system. If the loop amplifier is remoje from
the sodnd reinforcement amplifier, it can be necessary to include a balanced line driver near
the sqund reinforcementt amplifier and use a balanced interconnecting cable.| Level
adjustment should be independent of that of the sound system, and the HLS signal shduld not
be subject to the sound-system equalization for the room characteristic. It should bg made
difficull to switch off\inadvertently, or to fade down the feed to the HLS. Makeshift mI]thods,
such ap placing @.microphone in front of a loudspeaker, should not be used in a perganent
installation.

10.4.3. Interconnection with voice alarm systems

Where the HLS is used as a supplementary alarm device to reproduce messages or signals
from a voice alarm system, provision should be made to silence or override all other input
signal inputs for the duration of the voice alarm message. Some HLS amplifiers have this
feature built-in while others require additional equipment for this purpose. A voice alarm
system should provide both an audio signal connection and a control connection (usually a
switched DC voltage) to the HLS.

The HLS should also provide an indication to the voice alarm system that the amplifier is
working correctly and that current is flowing in the loop. This is usually provided by volts-free
contacts that open when a fault is detected.

10.4.3.5 Use and siting of microphones

For the best possible intelligibility, the microphone should be as close to the talker’'s mouth as
possible, for example by use of a headset microphone which can be a wireless microphone.


https://iecnorm.com/api/?name=7b0d7c0ef020b4faab2b9fe400c4ba8d

- 44 — IEC TR 63079:2017 © IEC 2017

Where the talker position is predictable, the microphone should be securely fixed and
maintained in position.

Especially where the room configuration changes, it can be necessary to provide one or more
microphones, and a mixer or mixing amplifier, for the HLS alone. Such microphones should be
chosen and sited with a view to obtaining as much direct sound from the original sources as
possible, and a uniform loudness balance if there are several sources. Directional
microphones normally give better results than omnidirectional types; highly directional
microphones require considerable skill and experience in order to achieve consistent
loudness, unless the signal levels are continuously monitored and adjusted.

Microphanes should be located so as to have a clear "view" of the source they are intended to
cover, [and should be located away from air conditioning grilles, fans, strong air cdrrgnts or
other gotential sources of acoustic noise pick-up, for example fluorescent or theatre lighting,
and video projectors.

In ordgr to avoid introducing audibly delayed signals, the difference in path)lengths bgtween
any solurce and the two nearest microphones should not exceed 5 m(for music ornf m for
speecH. Adjacent microphones should not in general be closer together than three timpes the
distande between the microphone and the source of sound.

Microppones, except wireless microphones, requiring internal\batteries should not be used,
becauge of the inconvenience of replacing them and the impairment of reliability of the pystem
conseduent on failure to replace them before their endigf life. Microphones vary grgatly in
their spsceptibility to picking up the magnetic field~of/ the loop. Particularly for dynamic
microphones having a non-metallic case, a test for_magnetic pick-up should be carrled out
unless|the manufacturer provides adequate assurance of immunity.

If ther¢ is no fixed position for a talker in 'the space, it is advisable to consider wireless
microppones or multiple microphones and suitable audio processing such as manual
switchihg, noise gates or automatic mixers to minimize noise. Where questions or comments
from ap audience are to be relayed yia the HLS, specially positioned stand microphqnes or
hand-held microphones managed by ‘staff should be used. It is usually necessary to propvide a
separale pre-amplification channel for each of these microphones, and for an operator to
control|the channel gains whef the microphones are in use.

If sepafrate microphones-are required for the HLS, suitable microphone sites and apprpriate
types ¢f microphone sheuld be chosen, as far as possible, during the initial assessnjent, in
liaison|with the occupier of the building, architect, etc. Alternative sites can require evgluation
with the trial loop~and an induction-loop monitor receiver.

It is espentiakthat the signal delivered to hearing aid users is as free from reverberatipn and
noise (ps/well as other forms of degradation) as possible. This is because the single-ghannel
nature lofvthe HLS prevents the listener using the mechanisms of the ear-brain sydtem to
distinguish wanted sounds from unwanted. Microphones should, therefore, be positioned as
close to the original source(s) of sound as possible, and the output signal of each microphone
should be checked by listening for absence of reverberation and noise (short of being
completely anechoic) at an early stage, so that any unsatisfactory performance can be
corrected. The use of appropriate equalization on an individual microphone channel can
considerably help to reduce unwanted room effects and low frequency acoustic noise
transmission.

10.4.3.6 Microphone accessories

HLS microphones should be mounted to minimise vibration, impact or similar disturbance
(either accidental or deliberate), because hearing aid users can be significantly disturbed by
floor noise and noise generated by kicks and handling. Microphones are very susceptible to
accidental damage and vandalism, so they should be secured against unauthorized access,
especially when the HLS is left unattended.
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HLS microphones, except wireless microphones, should not normally be provided with a
switch accessible to the microphone user, because of the likelihood of incorrect operation. An
exception can be made if only properly trained persons use the microphones, and the switch
is not built into or mounted directly on the microphone.

10.4.3.7 Use of several microphones

In general, the fewer the number of microphones in operation at any one time the better the
clarity and intelligibility of the wanted signal becomes. Microphones which are not directly
picking-up the wanted signal should be switched off. Microphone amplifiers which include
voice switching or noise gating are extremely useful when more than one or two microphones
are needed and a trained operator is not consistently available.

For systems according to Clause 9 a), the microphone is usually contained within.the fevice.
For syptems according to Clause 9 b), microphones are used for counter systemp, with
particular attention to counters where the server and customer are separated, by, glass and the
need for the hearing aid user to hear a proportion of their own voice to help regulafe their
speecH; for help points and signage, the audio source is usually takéeh directly from the
loudspeaker or public address/voice alarm system (see 10.4.3.3).

Where|[several microphones are used in a space or the talkers move to set locations within a
space |(such as places of worship), the use of several openr/microphones increagdes the
backgrpund noise, thus lowering the intelligibility of the system.

For thgatres, cinemas and places of worship, it is advisable to consider an audience-regponse
microppone for ambience between events and to reassure users the HLS is in operation. This
ambier]t input can be passed through an overridable channel to prevent the perfofmance
system| audio being picked up by this ambient input and thus reducing the intelligibility.

Il to medium-sized meeting rooms,-a*boundary-layer microphone located centrally on
the mekting table or on the ceiling immegdiately above it can prove more effective than [four or
ultaneously operating cardioid, table microphones. However, the maximum d|stance
hich such a device operatesveffectively is likely to be approximately 3 m only. To
the direct-to-reverberantcsound-pressure level ratio at larger distances than this, the
use ofl a greater number of(local microphones should be considered, with the absolute
minimym number of microphenés being in operation at any given time.

10.4.3. Distance between the microphone and the source of sound

It is espential thatthe signal delivered to hearing aid users is as free from reverberatipn and
noise (ps well as'other forms of degradation) as possible.

Microphones’should be positioned as close to the original source(s) of sound as possiblle, and
the outputsignal of each microphone should be checked by listening for sufficiently low levels
of reverberation and noise at an early stage, so that any unsatistfactory performance can be
corrected.

Although it is not possible to give numerical design procedures for determining the maximum
permissible distance between an HLS microphone and the wanted source of sound, two
primary factors should be jointly taken into account, i.e. general noise and room
reverberation.

For talker-to-microphone distances larger than 3 m, use of a number of local microphones
should be considered to improve the direct-to-reverberant sound-pressure level ratio, with the
absolute minimum number of microphones being in operation at any given time.

Adjacent microphones should not in general be closer together than three times the distance
between the source of sound and the closest microphone.
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NOTE 1 The further a microphone is located away from the sound source, the weaker the wanted signal becomes.
This effectively reduces the signal-to-noise ratio and also reduces the direct-to-reverberant sound pressure level
ratio.

The effects of reverberation, however, are additive to noise, and tend to reduce the distance
still further. For effective speech intelligibility, a direct-to-reverberant ratio greater than 0 dB is
necessary for otologically-normal listeners. For hearing impaired listeners, a direct-to-
reverberant sound pressure level ratio of at least +6 dB is usually necessary but this is highly
dependent upon a number of factors including size, shape, volume and reverberation time of
the room, and the characteristics of any reflecting surfaces.

NOTE 2 For example in an auditorium with a volume of 3 000 m3 and a reverberation time of 1,5 s, the maximum
acceptable distance with two cardioid microphones operating might be as little as 4 m to 5 m.

The difectional characteristics (somewhat idealized) of some common types of microphone
are shjwn in Figures 18 to 24. The hypercardioid characteristic gives the maximum rgjection
of revgrberant sound of all simple microphones, while the supercardioid characteristi¢ gives
the mgdximum ratio of front to random energy efficiency. The directional -Gharacterigtics of
highly-flirectional or shotgun interference-tube rifle microphones vary,‘\considerably with
freque:l:cy (see Figures 22 to 24), and they might therefore pick up~considerable low-
frequemcy reverberation: this can be reduced by the careful use of eqgdalization.

IEC
IEC

Higure 18 — Horizontal directional Figure 19 — Directional response 9f a
response of.an omni-directional cardioid microphone: decibel scgle
micrpphone with its axis vertical: decibel
scale
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IEC IEC

NOTE | Some microphones of this type have an NOTE Some microphones \of this type hdve an
approx|mately cardioid response (see Figure 18) at approximately cardioid résponse (see Figure[18) at
low frequencies. low frequencies.

Figure 20 — Directional response of a Figure 21 — Directional response gf a
supefcardioid microphone: decibel scale hypercardioid'microphone: decibel $cale

IEC

Figure 22 - Directional Figure 23 - Directional Figure 24 - Directiopal
response of a-highly response of the same response of the same
diregtional shetgun (rifle) microphone where microphone wher
icrophone where f=2,5kHz f=10 kHz

f 3 250 Hz and barrel
ength is 275 mm

A type of microphone which has low sensitivity to reverberant sound is the boundary-layer
(pressure-zone) microphone, in which the microphone capsule is mounted very close to a
plane reflecting surface, supplied as part of the microphone. These microphones are designed
to be placed in contact with a large flat surface, and owe their reduced sensitivity to
reverberation to the confinement (by the large flat surface) of the directional response in three
dimensions to half-space, instead of the full-space which applies to other types of
microphone. The basic directional characteristic of the microphone capsule can be omni-
directional, in which case the three-dimensional directional characteristic is a hemisphere, or
a cardioid, giving a three-dimensional pattern in the form of a half-cardioid of revolution.

Figure 25 shows the relative distances from the source of sound at which different types of
microphone can be operated, for a given direct-to-reverberant sound pressure level ratio. It is
important to minimize the actual distance in all cases, but with a minimum distance of
approximately 300 mm, below which breath noise, coloration and large variations in signal
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level with small changes in distance can lead to degradation of intelligibility. Further
information is given in Annex G.

NOTE 3 Figures 27 to 30 show typical examples of good and bad microphone positioning.
Distances in metres

0 1

!J]ll]]]'l!l.ll

Relative distance from source

.
Point source

Omni-directional

Shotgun

Supercardioid

TEC

Figure 25 — Relative operating distances of directional microphones
for equal direct-to-reverberant signal ratios

Table 2 — Relative operating distances of directionhal microphones
for equal direct-to-reverberant signal ratios

Type|of microphone Distance relative to that of an omni- Approximate angle between the
directional microphone directions at which the responsp is
-3 dB relative to the axial response
Omni{directional 1,0 x 360°
Cardipid 1,7 x 130°
Superlcardioid 1,9 x 115°
Hypercardioid 2.0 x 105°
Shotgun Depends on the frequency and design Depends on the frequency and design of
of the microphone the microphone

M N S N s N S

( [
= =
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| I I | | 1 I I I
— L L - J IEC

a) Microphones positioned in accordance with the 3-to-1 rule, using cardioid microphones
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b) Alternate placement using two omnidirectional microphones

Figure 26 — Two methods of positioning microphones on a conference table

Dimensions in milllmetres

i g

| 900 l
) T IEC

Figure 27 — The 3-to-1 ratio for.microphone positioning (normal)

Dimensions in milllmetres

300

L‘%
.

IEC

e

Figure 28 — A reduced 3-to-1 ratio using angled microphones
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Dimensions in millimetres
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Figure 29 — lllustrations of good and bad microphone placements

The sqgund wave reflected from a desk top can’interfere with the direct sound (as shown in
Figure|30) which should be taken into consideration. This effect can cause considerable
uneverjness in the frequency response above 1 kHz, which can be minimized by pos{tioning
the migrophone at least 150 mm above-~the surface. It can be helpful to cover the par{ of the
desk tgp around the microphone with.'a’layer of soft material.

Dimensions in millimetres

—— Layer of soft
material

IEC

Figure 30 — Optimization of the height of the microphone above the table

10.5 Objective measurement of intelligibility

Several methods currently exist of objectively measuring speech intelligibility, one of which is
the speech transmission index (STI) (as described in IEC 60268-16). The STI method can be
used to measure the potential intelligibility of an HLS, by using a calibrated telecoil receiver
instead of a measuring microphone. For hard-of-hearing users, an STl value of at least 0,65 is
normally the minimum acceptable level. The STI technique takes into account both
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reverberation and noise, but not perceptual effects associated with hearing loss; relevant
research is on-going. The technique presupposes that the HLS meets the frequency response
criterion of a maximum variation of £3 dB over the range 100 Hz to 5 kHz.

The recommended procedure is to use the STIPA method (described in IEC 60268-16) with
acoustic input.

10.6 Safety and reliability considerations

In the design and installation of an HLS, emphasis should be placed on the safety and
reliability of the system. It is essential that the completed HLS should not create a safety
hazard to either those working in or those using the building in which the system has been
installgd. Electronic equipment used in HLS should conform to IEC 62368-1. For expopure to
electromagnetic fields, see IEC 62489-2.

A portable or mobile HLS (see Clause 9), which is likely to be handled frequently, usually
requirels the use of cables which are particularly flexible and resistant to (Conductor damage
due to pending.

10.7 DPesigning for monitoring and maintenance

The sygtem designer should specify the number and type of induction-loop monitor recgiver(s)
(see Annex A) to be supplied with the system, together with the siting of any fixed receijer(s).

The system designer should also ensure that the system is designed so that mainténance
requirements are minimized and are as simple as. possible. It can be false econofy, for
example, to specify inexpensive microphone cables'and connectors, if they prove to fequire
frequent repair.

Adequate maintenance information should be supplied to the purchaser of the system.

10.8 External factors

10.8.1| Magnetic noise interference

Magnetic fields radiated from electric transport vehicles and systems, mains power cables and
overhepd and undergroungd power lines or cables and equipment can be picked up inh most
buildings on a hearing-aid switched for use with a loop system (T position). Where theffield is
at a low level of intensity, it is not normally troublesome. However, under [certain
circums$tances thefield strength can be sufficiently high to interfere with the signal picked up
from the induction-loop, causing annoyance to the listener and in some cases mgking it
impossfible tohuse the loop system. Serious magnetic interference can be caused |by the
separation(ofjlive and neutral conductors (or of phase conductors) of mains circuits,
particularky,found in old buildings where numerous changes have been made to elgctrical
installati . fCT i i i ircuits
have been installed in rooms with suspended ceilings and the fluorescent lighting circuits
have an interlinked neutral instead of each lighting circuit having an individual neutral. Such
wiring is not in accordance with power installation requirements based on
IEC 60364 (all parts). Other examples of sources of magnetic interference are fluorescent and
other types of discharge lamps, electronic lamp dimming systems and faulty mains power
wiring.

For the limits on magnetic noise level, see IEC 60118-4.

NOTE It can be impossible to test or to predict the magnetic interference in new buildings until these are
completed and the electrical installation is in use.
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10.8.2 Effect of metal in the building

The performance of the HLS can be seriously degraded if there is metal (which might be
concealed) in the building. Local degradation of the performance can also occur near large
metal objects or constructions within the coverage area. For new builds, the building
designers should provide detailed drawings and information regarding structural metal and
sheet metal in the vicinity of all HLS.

While the degradations are difficult to predict, the customer should be made aware of their
likely or potential impact. Site measurements of the effect of metal in the building structure on
magnetic fields should be considered as part of the design procedure, and any detrimental
effects reported to the customer.

10.9 Llagnetic field overspill

Since the magnetic field produced by an induction-loop is not entirely confined to tHe area
within the loop, signals can be picked up on a suitably equipped hearing\ aid or receiver
outsidg the room or the building in which the loop is installed, or even if-an adjacen{ public
road of area. Care should be taken to ensure that confidential information is not fed ipto the
HLS a$ it can be possible to hear this information with a suitable ‘féceiver some d|stance
outsidg the loop.

This "gverspill" can cause difficulties when two or more loop systems in close proximity to
each ofher are in operation simultaneously, as listeners to ‘one of the loops might aldo hear
overspl|ll signals from the other. For example, an HLS jnstalled in a theatre auditoriunp might
interfele with the intelligibility of an HLS installed atthe”box office (interference in the other
directign is much less likely).

HLS cgn be designed to greatly reduce the field strength outside the space where the pystem
is interjded to be used. It is not practicable_to'recommend limits on overspill field strepgth as
the acgeptable strength depends on manyysite-specific factors. The requirements for oyerspill
should|be specified contractually in each\case in which it is necessary.

10.10 The role of the system designer in commissioning

If the slystem designer superyvises the commissioning, he should work from a check-list} which
providgs a written record_of the procedure followed. If the commissioning is undertaken by
someofe else, the systemdesigner should provide a recommended commissioning projcedure
for the|benefit of the(installer and purchaser of the HLS. This should detail the stepq in the
procedure so that.the commissioning procedure can be systematically and correctly [carried
out. Specific points should be highlighted where care is necessary or difficulty might be
experignced. The document should also give the full performance specification, with reference
to this [document, to which the system is expected to conform and details of the verification
tests which'should be carried out.

11 Responsibility of the installer

The work associated with installation of the HLS equipment in a building might be undertaken
by the same organization that designed the system or by a different organization. For
example, the designer and installer might be a single, specialist HLS contractor. Alternatively,
the purchaser might be responsible for the design of the HLS (which might be undertaken by
consultants acting on behalf of the purchaser), and the design might then be communicated,
by means of a specification and/or drawings, to a specialist HLS contractor or to an electrical
installation contractor, which would, in either case, then be responsible for installation.

Various contractual arrangements are possible but it is important that one organization is
responsible for compliance with this document and that this responsibility is agreed prior to
the start of the installation contract.
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It is not, in general, the responsibility of the installer to check or verify whether the design of
the system complies in full with these recommendations, unless the installer is also the
designer. The responsibility of the installer is to install the system in accordance with the
requirements of the design specification and to follow good practice in the installation work.
However, in practice, compliance with a number of the recommendations impacts on both
design and installation, and might, therefore, be delegated by the designer to the installer,
provided the responsibility for compliance is clear in any specification or contract, that the
installer is competent to address the issues and that the responsibility is accepted by the
installer. For example, the designer can delegate decisions regarding cable routes to the
installer, by simple reference in the design to comply with Clause 11.

At the design stage, the designer might have inadequate information to enable compliance
with all the recommendations. For example, drawings on which the design is based might not
show qufficient information about structural features or final fittings of the building\to [enable
the degign to conform to IEC 60118-4 in respect of field strength and bandwidth-yAccordingly,
it is qften necessary for compliance with certain recommendations, oroVverificajion of
complignce, to rest with an installer.

Even though identification of design shortcomings is not generally the“responsibility of an
installj‘r, good practice dictates that, if the installer is aware of such/shortcomings, part|cularly
those arising from features of the building that might not have been known to the ddsigner,
they oyght to be drawn to the attention of the designer, user or purchaser.

HLS can be used for multipurpose venues, and controls{can be provided for reassighing or
reconfiguring the equipment. Care is needed to ensurethat access to these controls dges not
unnecgssarily include access to critical controls such as loop drive.

The regponsibilities associated with the installation of the system should be clearly defined,
agreed| and documented prior to the commeneement of work.

In particular, the following points should bé&’considered.

a) Alljcables should be carefully laid-and secured in order to avoid the possibility of tfipping.
The installation of mains wiringrand protective devices used in HLS should conforn to the
applicable regulations for mains power installations.

b) The¢ loop conductor(s), microphone and other signal cables should be regarged as
Cafegory 2 circuits as-defined in the applicable regulations for mains power installations
and should be segregated from mains and other cables in Category 1 cirduits in
acdordance withythe applicable regulations for mains power installations.

c) Logp cables‘should be clearly identified with the HLS symbol for the benefit of painters
and other\trades people, particularly in order that the purpose of the cables carjnot be
migtaken.

d) Logp.equipment should be located where it is easily accessible to authorized pergonnel,
andftshoutd nmot be positioned 5o that access to it might be awkward or dangerous.

e) A detailed wiring diagram for the system should be placed on or close to the loop
equipment to ensure that it can be correctly reconnected, should it need to be moved.

The installer should ensure that

e adequate space is provided around the equipment for access,
e the structure can accept the weight of the equipment, and

e adequate cooling/ventilation is provided to keep the equipment within its rated
temperature range.

The installation of microphones should be in accordance with the recommendations of
Clause 11.
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All metallic parts of the installation, including conduit, trunking, ducting, cabling and
enclosures, should be separated from any metalwork forming part of a lightning protection
system.

NOTE Further guidance is given in IEC 62305 (all parts).
The installer should provide as-fitted drawings which include, at least

a) the positions of all HLS equipment,
b) the positions of all loop cables including the type, sizes and actual routes of cables,
c) the position(s) of microphone(s), and

d) the positions ot all equipment that might require routine attention or adjustment.

The caple routes shown should comprise a reasonable representation of the routé follgwed to
enable[a competent person to locate the cable in the event of a fault or need forimodification
or extgnsion of the system; a simple schematic showing the sequence in whieh deviges are
wired i$ unlikely to satisfy this recommendation, other than in small, simple'systems.

In the ¢ase of extensions or alterations, existing as-fitted drawings should be updated.

On completion of the installation work, the installer should issue a certificate in accofrdance
with thé model given in Annex H, signed by a competent persoen.

The ingtaller of the mains supply can be required by Iocal documents or regulations tp issue
an elegtrical installation certificate in the specified form;

A designer might accept responsibility for variations from any of the above recommengations
and communicate this in the form of specific written requirements (e.g. within a specifi¢ation).
In this pase, the installer should record the_relevant variations within the installation ceftificate
issued |by the installer.

12 Installation practices and ‘workmanship

The nafture and quality of the installation work needs to be such as to maintain the integrity of
the HUS and minimize «the duration and extent of disablement of the system [during
maintepance or modifications. Penetration of construction (e.g. for the passage of tables,
conduit, trunking or tray) has to be made good to prevent the free passage of fire or gmoke,
regardless of whether the construction has a recognized degree of fire resistance.

Cables| that are-directly fixed to surfaces should be neatly run and securely fixed at quitable
intervals, ,in accordance with the recommendations of the cable manufacturer. Cables|should
not relysonly on suspended ceilings for their support. The installer should ensure that all
wiring and cabte types conform to the designm documentation.

Cables should be installed without external joints wherever practicable. All terminations and
other connectors should be such as to minimize the probability of early failure. Other than in
the case of joints at or within system components such as amplifiers and microphones,
terminals and connectors used to joint cables should be constructed of materials that will
withstand a similar environment and be of similar durability to that of the cable. All joints,
other than those within system components, should be enclosed within junction boxes,
labelled with the HLS symbol to avoid confusion with other services. Copper foil tape is often
used under carpets and vinyl flooring; this can be identified using printed tape identifying it as
an HLS loop cable.

Arrangements for earthing should be in accordance with the recommendations of the
manufacturer. The loop cable should not be earthed unless the amplifier manufacturer
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explicitly states that it should, or can, be earthed. Otherwise, serious damage to the amplifier
is very likely to result.

Where a cable passes through an external wall, it should be contained in a smooth-bore
sleeve of metal or other non-hygroscopic material sealed into the wall. This sleeve should
slope downwards towards the outside and should be plugged with a suitable non-hardening
waterproof compound to prevent the entry of rain, dust and vermin. Where a cable passes
through an internal wall, a small clearance hole should be provided. If additional mechanical
protection is necessary, a smooth-bore sleeve should be sealed into the wall. Care should be
taken to ensure that the ends of any sleeves are free from sharp edges which might damage
cables during installation. When a cable, other than a floor-level loop cable, passes through a
floor, the recommendations above should be applied. The sleeve should extend as far above
floor Igvel as is required to provide adequate protection of the cable, but never Jegs than
300 mm.

Where|cables, conduits, trunking or trays pass through floors, walls, partitions-or ceilings, the
surrounding hole should be as small as reasonably practicable and made good wjth fire
stoppinlg materials that ensure that the fire resistance of the construgtion is not mdterially
reduced. Spaces through which fire or smoke could spread should-not be left aroynd the
cable, gonduit, trunking or tray.

If cablgs or conduits are installed in channels, ducts, trunking.or shafts that pass through
floors, walls, partitions or ceilings, barriers with the appropriate level of fire resistance |should
be proyided within the channels, etc., to prevent the spread of fire unless, in the case df ducts
and sHafts, the construction of the duct or shaft afféerds equivalent fire resistance|to the
structufe penetrated; in the latter case fire stopping .need only be provided where cablgs pass
into, orf out of, the duct or shaft.

13 Ingpection and testing of wiring

On completion of wiring, or sections of wiring, the installer should carry out tests to enspre the
integrity of cable insulation and adequacy of earthing. Usually, the tests on cables are [carried
out with equipment disconnected and prior to completion of the entire system. Furthgr tests
need, therefore, to be carried oution completion of the system and these tests form par} of the
commigsioning process.

These [tests should bel completed while the loop wire is accessible and before any floor
coverirlgs etc. are fitted. For complex loops, especially multi-loop systems, it is gtrongly
recommended to testthe system with amplifiers equivalent to the equipment planned |for the
system|. The tests’should include field strength and frequency response over the desigh area.
Signalqto-noisemeasurements should also be completed if the electrical installation has been
compldted.

All instatfed—Tabtes with—a manufacturer s vottage rating suitabte for maims use should be
subject to insulation testing at 500 V DC. Prior to this test, cables should be disconnected
from all equipment that could be damaged by the test.

Insulation resistance, measured in the above test, between conductors, between each
conductor and earth, and between each conductor and any screen, should be at least 2 MQ.

Continuity of all circuits should be tested.

Earth continuity and, for mains supply circuits, earth fault loop impedance, should be tested to
ensure compliance with applicable regulations.

The following should be tested on completion of the installation work, after connection of all
loops, unless there is specific agreement that they will form part of the commissioning
process:
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if possible, the impedance of each loop circuit at 1 kHz in class A3 and A4 systems; if not
possible, the DC resistance of each loop circuit should be measured and recorded;

correct polarity of circuits where this is required in class A4 systems;

any other tests specified by the manufacturer of the system.

The results of all tests should be recorded and made available to the organization responsible
for commissioning the system.

14 Commissioning

The prfwmmwﬂwvmwymmrnm—mm that it
operatgs correctly in accordance with the recommendations of this document and ‘With the

specifitation. At completion of commissioning, it also needs to be confirmed that all relevant
documentation has been handed over to the user. The organization responsible for
commissioning the system might, or might not, be the same organization that\designed|and/or
installgd the system, but the responsibility for commissioning needs to besclearly defingd prior

to the start of the installation work.

It is ngt, in general, the responsibility of the commissioning engineer to verify compliance of
the desgign, or of the installation work. The responsibility of the/eommissioning enginegr is to
verify {hat the system operates correctly in the manner designed and that the installation
workmanship is generally of an adequate standard. Howevér), in practice, it might be fifficult
to enspjre that the system complies in full with all-récommendations until the fime of
commisgsioning. For example, commissioning might represent the first (and only) opp®rtunity

to ensure that structural features of the building, of*which the designer might hav
unawafe, do not compromise the effectiveness of the system as it was originally design

been
d.

[OBRY4

The system (if not of class A1) should be cemmissioned by a competent person, who has
access| to the requirements of the designer (i.e. the system specification) and any other

relevant documentation or drawings.

NOTE The performance of systems of type A1 is fixed by design and commissioning is not appropriate.

Any pédrson responsible for c@mmissioning an HLS in accordance with the recommengations
of this [document should possess a thorough knowledge and understanding of the applicable

documents, IEC 60118-4.and IEC 62489-1.

At commissioning, the.entire system should be inspected and tested to ensure that it operates

satisfa¢torily and‘that, in particular:

a)

b)

mapnetic-field strengths, frequency responses and signal-to-noise ratios conform| to the
requiremeéents of IEC 60118-4. Testing of class A2 systems should be performed| at the
poihtsispecified in Figure 31, at heights above the floor of 1,2 m and 1,7 m. In accdrdance
with Annex A of TEC 601T18-4:2074, the measured field strengih Tevels should be within
14,5 dB when 400 mA/m is achieved at one point at least. At a height of 1,45 m, the field
strength level can be greater than +4,5 dB ref. 400 mA/m (but should not exceed +8 dB
ref. 400 mA/m), as this can overload some hearing aids;

an acceptable level of intelligibility is achieved throughout the useful magnetic field
volume;

no changes to the building since the time of the agreed design have compromised the
conformity of the system to this document (e.g. by erection of new partitioning or metal
structures that affect the effectiveness of the HLS);

mains power supplies are inspected as far as reasonably practicable to ensure
compliance with relevant regulations;

all relevant documentation has been provided to the user or purchaser;

on completion of commissioning, a certificate signed by a competent person in
accordance with the model given in Annex H has been issued.
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All results obtained during the commissioning process should be clearly recorded.
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It is recommended to indicate on the floor the area where people are expected to stand.

NOTE The source of the magnetic field is not necessarily positioned where the "reference point" or "reference
line" is defined — these are just used as references to determine where the user is likely to be positioned, and
hence where the field strength needs to be controlled. The source itself is typically further away from the user than
the reference point or line is, in order to achieve an acceptably low gradient of field strength levels, but the actual
distance is likely to be limited by the physical characteristics of the installation.

Figure 31 — Measuring field strength of type 2 HLS — Plan views

15 Documentation

On completion of the system, adequate records and other documentation have to be provided
to the user or purchaser (the user and purchaser might, or might not, be the same
organization). The responsibility for provision of the documentation might rest with more than
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one organization and needs to be defined before an order for the system is placed. On
completion of commissioning, it needs to be ensured that, either the documentation has been
provided to the relevant parties, or that any absent documentation is identified for appropriate
action (see Clause 14 above).

Particular importance needs to be attached to the preparation and accuracy of "as fitted"
drawings and operation and maintenance manuals. The manuals need to be adequately
specific to the system. Without these drawings and manuals, maintenance or future
modification of the system might be difficult.

The following documentation should be provided to the purchaser or user of the system:

a) certificates for design, installation and commissioning of the system;

b) an|adequate operation and maintenance manual for the system; this should provide
infgrmation, specific to the system in question, regarding the following:

1) [a list of equipment provided and its configuration (e.g. schematic diagram);
) luse and operation of the system;
3) |service and maintenance of the system;

)

the importance of ensuring that changes to the building, such as relocation of

partitions, and new metal structures do not affect the‘document of coverage|in the

space;

c) "as|fitted" drawings indicating at least the following:
) [the positions of all HLS equipment;

6) [the positions of all microphones;
)

the type, sizes and actual routes of cables;

d) a lpg book for recording tests and checks-performed on the system, maintenance of the
sygtem and changes to the system;

e) arecord of any agreed variations from the original design specification;
f) recprds as are specified in Clauses 15 to 17.

The coptract for design, supply,)installation and commissioning of the system needs to| define
the typge of documentation which is to be provided by each organization involved.

The caple routes shown-need to comprise a reasonable representation of the route followed,
such ap to enable a.competent person to locate the cable in the event of a fault or nged for
which
simple

an be

In the case of extensions or alterations, existing "as fitted" drawings have to be updated.

16 Certification

On, or as soon as practicable after, completion of each of the following processes, a
certificate should be issued by the organization responsible for the process, certifying
compliance with IEC 60118-4 and the recommendations of this document in respect of the
process or, if variations exist, clearly identifying these variations:

a) design;
b) installation;
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C) commissioning.

Model certificates of design, installation, commissioning, acceptance and verification are
contained in Annex H.

The certificate issued for any of these processes can vary in format from that shown in
Annex H but, as a minimum, the information and statements of conformity within the model
certificates should be provided.

These processes might be undertaken by one organization, or might be carried out by
independent organizations, whichever arrangement applies, and three separate certificates
ultimately need to be issued. It needs to be possible for an organization to issue a certificate
for the|process for which they are responsible, regardless of whether a certificate hak been

issued[for either of the other processes.

It is espential that the person(s) who sign(s) these certificates is competenttolverify whether
the recommendations of this document in respect of the process to which the certificatg refers
have, ¢r have not, been satisfied. The purchaser or user might, subsequently, rely |on the
certificate as, for example, evidence of compliance with legislation. Liability could arise/on the
part of |lany organization that issues a certificate without due care in“ensuring its validity|

Where| modifications are carried out to a system, the purchaser should require that the
organization responsible for the work issues a new commissioning certificate.

If a sys$tem is modified or a new system is installed,dt ' might also be necessary to check for
oversp|ll effects to and from any other HLS in proximity:

17 Adceptance

system| to the purchaser or user, and~formal acceptance of the system by the purchaser (or

On chpletion of the system, arrangeménts need to be made for formal handover|of the
representative of the purchaser).

Before|accepting the handover) of the system, the purchaser or a representative ngeds to
ensure| that they are satisfied with the installed system, and that the user has an adequate
understanding of the operation of the system. In the case of small, simple systems, or
systemis installed in the premises of small organizations with little relevant in-house expertise,
acceptgnce might involve little more than a brief inspection of the system by thg user,
demongtration of-its*operation by the commissioning engineer, and handover of the rglevant
documents to the'user. In large, complex systems, it is likely that the purchaser would wish to
witnesg$ relevant tests, as part of a formal and structured acceptance procedure.

As eviq rtifi

Acceptance procedures should be carried out in accordance with the agreed purchase
specification, including any tests that are to be witnessed and details of the witnessing
procedure.

Before accepting a system, the purchaser (or appropriate representative of the purchaser)
should ensure, at least, that
a) all installation work appears to be satisfactory,

b) the system is capable of meeting the field strength, frequency response and requirements
of IEC 60118-4,

c) the system is capable of giving intelligible broadcasts,
d) the following documents have been provided to the purchaser or user:
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“as fitted” drawings;
operating and maintenance instructions;
certificates of design, installation and commissioning;

a log book to record the periodic testing of the system;

e) sufficient representatives of the user have been adequately trained in the operation of the
system,

f) the nominated responsible person has been advised of their responsibilities and how

the

g) all
h) as

shquld sign an acceptance certificate.
18 Verification

The purchaser or user might decide that there is a need for verificationef complianceg
installdd system with this document as a result of one or more of the following:

a) the|division of work elements between different organizations;
b) thelevolution of the building design during construction;
c) the|lack of detailed information at the time of design.

The verifying organization might be one of those involved in the design, supply, installg

commi
party,

expertige.

In the

user mjght require a further verification-of‘the affected areas after correction.

Where

signifigant potential for the ipstalled system to deviate from the recommendations

docum

Any p
accord

The scppe and extent of the verification process should be agreed between the purch
user and the<erganization responsible for verification.

On co

se might be discharged,

relevant tests, defined in the purchase specification, have been witnessed, and

bvidence of acceptance, the purchaser (or appropriate representative of the purd

Esioning processes (e.g. the system supplierior the designer) or an independe
such as an organization supporting theé hard-of-hearing that has the ned

bvent that the verification process identifies areas of non-compliance, the purch

a purchaser or user considers that it would be beneficial, for example if t

ent, verification of compliance with this document should be arranged.

brson responsible) for verification should be competent in the design of |
ance with this document and familiar with the relevant installation practices.

haser)

of the

tion or
ht third
essary

Aser or

here is
of this

LS in

Aser or

mplétion. a verification certificate should be issued (a model certificate is g

ven in

Annex H). The verification certificate should also contain information on the scope and extent
of the verification carried out or identify where this information is available.

19 Owner responsibilities

19.1

Signage

To alert potential users to the presence of a working HLS, clear signage should be clearly
visible at least at the entrance to an equipped room or venue and inside where a user will see

it. See

3.2.

In places where the performance of the HLS is not satisfactory, a sign indicating this should
be displayed, for example on the rear of seats in front of a row of seats where magnetic
interference is unacceptable. See 3.2.
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19.2 User feedback

Management of a building fitted with HLS should establish a process by which users
experiencing problems with the HLS can quickly and efficiently communicate their concerns to
staff and have their problems resolved.

This can take the form of a specified contact person with authority and knowledge to
investigate each complaint and to take appropriate actions.

Positive feedback from users should also be sought to provide assurance to management that
the HLS investment is worthwhile and as a source of valuable marketing material.

19.3 $taff training

All existing staff should receive HLS awareness training on first installation of an’ HYS, and
every nfew member of staff should receive such training as part of their induction.

HLS ayareness training should include the existence of the HLS, how(a-hearing instrument
user benefits from an HLS, the places where HLS coverage is (and/is not) acceptafjle, the
establifhed process of managing complaints from users, and the names and contact dgtails of
the person with authority and knowledge to investigate each complaint and to take apprppriate
actiong.

20 Operation and maintenance

20.1 General

The continued advertising of an HLS which isdnoperative might constitute misrepresentation,
so any| failure which cannot be rectified promptly should be notified to the manaxement
withou{ delay and to potential users by a notice adjacent to the HLS sign(s) (see Figure| 3).

NOTE Notification that an HLS is actually incoperation can be given by an illuminated HLS sign.

20.2 Routine testing

Experignce normally shows that the electronic equipment is significantly more reliable than
the system mechanical-.components, for example loop wires, microphones, connectors,
connedting leads and/switches and, although some modern HLS incorporate a high depgree of
automatic operationy.it-is still necessary for the responsible person to ensure that the pystem
operatgs correctly)and any faults are acted upon.

It is therefore important that regular tests are carried out to ensure that there has nqt been
any mdjor failure of the HLS.

In large or complex systems, it can be impractical to carry out all the required tests on one
occasion and it can be necessary for tests to be carried out to a defined programme over a
fixed period.

On a weekly basis, the responsible person should ensure the satisfactory operation of the
HLS by use of a test signal and either a fixed loop monitor receiver (see Annex A) or a
portable field strength meter. It is essential to supplement this with a listening test using real
speech into the microphone(s) to ensure that the microphone(s) are working correctly and
amplifier control settings have not been inappropriately changed.

These routine tests and any user complaints should be recorded in the system log book.
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20.3 Inspection and servicing

It is essential that the system is subject to periodic inspection and servicing so that faults are
identified, preventive measures can be taken to ensure the continued reliability of the system,
and that the user is made aware of any changes to the building that affect the performance
afforded by the system.

Periodic inspection and servicing needs to be carried out by a competent person with
specialist knowledge of HLS, adequate access to spares and sufficient information regarding
the system. The procedure below applies to fixed systems but should be applied as far as
possible to portable and mobile systems; inspection and test of these might need to be more
frequent if much remedial action is required after a year.

At intefvals, initially not exceeding 12 months, but longer if experience indicates accepiability,
the follpwing inspection and test of the system should be carried out.

a) The system log book should be examined. It should be ensured that any, faults recorded
haye received appropriate attention.

b) A \isual inspection should be made to check whether structuralor occupancy changes
haye affected the compliance of the system with the recommendations of this dogument
for[field coverage and overspill. Particular care should be taken to verify whether

¢ |any new or relocated partitions have been erected affecting the volume to be coyered,

e Jlany changes to the use or occupancy of an area ‘makes the existing HLS [design
unsuitable, for example increase in magnetic or acoustic ambient noise, and

e lany building alterations or extensions require the installation of additiongl HLS
equipment.

c) Any structural or occupancy changes that /have been found as a result of the inspection
hae been reported to the responsible person so that appropriate design and
impglementation of corrective works can;be commissioned.

d) All controls and visual indicators at-control and indicating equipment should be checked
for correct operation.

e) All further checks and tests recommended by the manufacturer of the HLS equipmeént and
other components of the system should be carried out.

f) Thg following physical ¢hecks should be made:

e |ensure that the.'amplifier ventilation holes are clear and no unauthorized articles are
stacked on it;

e [|check mains leads, microphone leads and loop wiring (where accessible) for fraying,
damage, or incorrect location which could affect safety;

o [for temporary or modified systems, clean any connectors that appear to be tarpished,
béfore they are inserted;

clean dust and grime from the system equipment;

check and remake as necessary all leads that are heavily used (or abused) to improve
reliability; it should be noted that leads with moulded plugs can fail with little or no
warning, as their internal condition cannot be accurately assessed.

g) The field strength should be checked to see that it meets the design minimum within the
useful magnetic field volume.

h) The frequency response of the HLS should be checked to see that it meets the minimum
design requirement.

i) The signal-to-noise ratio when all the electrical equipment normally used in the
environment should be checked to ensure that it is functioning.

j) The organization commissioned for the corrective works should be competent in HLS
design. Following modification, the system should be re-commissioned to the extent
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needed, all documentation should be brought up to date to reflect the new status and a
modification certificate should be issued.

Following the work carried out above, any outstanding defects should be reported to the
responsible person and the system log book should be completed.

On successful completion of any remedial works, an inspection and servicing certificate
should be issued (see Annex H).

20.4 Non-routine attention

The arrangements in 20.2 and 20.3 are intended to maintain the system in operation under
normal| circumstances. However, from time to time, the HLS is likely to require non-routine
attentign, including special maintenance. Non-routine maintenance includes

a) a special inspection of an existing HLS when a new organization takes over.maint¢nance
of the system,

b) repjair of faults or damage,
c) modification to take account of extensions, alterations or changesfin-occupancy, angd
d) inspection and test of the system following a user complaint.

20.5 $pecial inspection on appointment of a new maintenance organization
The following should be undertaken on appointment of a-néw maintenance organization|.
a) For an existing system, a special inspection should be carried out and records shquld be

stufied in order to produce a plan for effective.maintenance of the system.

b) Argas of non-compliance with this documentishould be documented and identified to the
responsible person and, although the degree of a non-compliance is subjectiye, the
follpwing non-compliances should be regarded as requiring resolution:

e |areas of non-coverage;
e |areas of unacceptable field strength;
e |areas where overspill is-an-issue for security or intelligibility;

e |where inappropriate ‘solutions are used, for example a portable unit permanently
placed on a counter,ywhen a counter loop should be installed;

e [requirements for,electrical safety are not satisfied.
c) If jo log book:-suitable for enabling compliance with the recommendations eXists, a
suifable log-beok should be provided by the maintenance organization.

20.6 Arrangements for repair of faults or damage

The follawing should be undertaken if a fault or damage to the system is detected. |

a) Where maintenance is carried out by a third party, there should be an agreement for call
out to deal with any fault or damage that occurs to the system, and this agreement should
be such that a technician of the maintenance organization can normally attend the
premises in an acceptable period after a call from the user.

b) The name and telephone number of any third party responsible for maintenance of the
system should be prominently displayed, and the records and documentation should be
kept updated.

c¢) The user should record all faults or damage in the system log book, and should arrange
for repair to be carried out as soon as possible.

20.7 Modifications to the system

Modifications to the system can arise for a number of reasons. Examples include extension of
the system to cover areas of the building previously uncovered or newly constructed.
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Since modification of a system effectively involves an element of re-design, responsibility for
modification of a system needs to rest with a person who has relevant design competence.

Responsibility for modification of an HLS should rest, ultimately, with a person who is
competent in the principles of HLS design, is conversant with this document and conversant
with the installed system, including access to the "as fitted" drawings;

NOTE 1

This person might, for example, be the original designer, or a competent representative of the user or
maintenance organization.

On completion of the modifications, all "as fitted" drawings and other relevant system records

should

be updated as appropriate.

On con
issued
recomt
modifigd

Where
person
approp
system

hmissioning of the work and completion of the tests, a modification certificate sh

confirming that the work has been carried out in accordance- wi
nendations of this document, or identifying any variations (see Annex)H"for a
ation certificate).

responsibility for the compliance, or otherwise, of the modified system rests w
other than the organization carrying out the modification, that‘person should s
riate section of the modification certificate and ensure it'is made available w
documentation.

21 Usder responsibilities

21.1

A singl
the HL
descril

The re
a) Eng

usHg
b) Eng

c) Ens
aut
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Responsible person

e, named responsible person should be appointed to supervise all matters pertai
S. The responsible person should be given sufficient authority to carry out the
ed in Article 21 and should normally-be the keeper of the documentation of the s

sponsible person should perform the following.

bure that the HLS is checked at least once a week, or before each use if the
d less frequently than ante a week, to confirm that there are no faults on the sys
ure that arrangements are in place for testing and maintenance of the system.

bure that the system logbook is kept up to date and is available for inspection
horized persen.

bure that @Quthorized operators of the HLS are instructed in the proper use

sygtem. Patcticular care should be taken to ensure that operators are able to interpr

ind
Cirg

umstances in which they should, and should not, be used.

buld be
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model

ith any
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duties
ystem.

HLS is
tem.

by any

of the
et fault

catiens 'and that they are adequately familiar with the appropriate controls gnd the

e) Ensurethatthe personms Tesponsible for Toutime—testing—aretraimed—imthe—use

por

table field strength meter or fixed loop monitor, whichever is applicable.

of the

f) Establish a liaison between those responsible for changes in, or maintenance of, the
building fabric (including redecoration) to ensure that the work does not unnecessarily
compromise the performance of the system or create system faults. If structural or
occupancy changes occur or are planned, the responsible person should ensure that any
necessary changes to the HLS are considered at an early stage.

g) Ensure that operating instructions and "as fitted" drawings are updated when changes
have been made to the system.

h) Ensure that the spare parts agreed between the user and the organization responsible for

the

maintenance of the system are held within the premises.
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21.2 Logbook
The following information should be recorded in the logbook:

a) the name of the responsible person;

b) details of the maintenance organization;

c) brief details of maintenance arrangements;

d) dates, times and types of all tests;

e) dates, times and types of all faults and defects;

f) dates and types of all maintenance (e.g. maintenance visit or non-routine attention).

It is important to ensure that the log book is updated to reflect any changes of resppnsible
personf maintenance organization, or maintenance arrangements.
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Annex A
(informative)

HLS monitoring receivers

General

A fixed monitor receiver (se IEC 62489-1) should be sited so that non-technical staff and
members of the public can easily verify whether the HLS is working. In auditoriums, care
should be taken that the audible and/or visible output is not distracting and the monitor output

- uld be
br checking the performance of the system in all parts of the coverage are%, on a
basis and after any changes have been made to the system or the(buildjng, or

can als
used f
routine
potenti

A.2

Fixed 1

bl sources of interference have been introduced.

Recommendations for fixed receivers

eceivers should conform to the following recommendations,

a) Th

corltrol, which cannot reduce the audio output to zero, should be provided. A "pr
listen" switch can be provided, which should be labelled as such. An alternative

ca

exdeed 5 V under any circumstances, and the output source impedance should be

receiver should provide an audio output to a loudspeaker. A lockable pre-s

be provided for headphones, at which the open-circuit output voltage sho

bt gain
ess-to-
output
Ild not
120 Q

+ 10 %. If a headphone output is fitted, suitable headphones, of a type that attgnuates

external noise, should be supplied with the receiver. The loudspeaker should d
output sound pressure level (SPL) exceeding 80 dB at 300 mm with the gain co
makimum and a field strength at 1 kHz.ef =12 dB (400 mA/m). The loudspeaker a
shquld not overload under these conditions.

b) Th
shd
c) If g
sha
0,1
d) An
iso
for
ma
pau
e) A
loo

receiver should provide an iHuminated signal that it is in operation and ano
w that it is receiving an adequate magnetic field strength.

signal output is provided:-for remote monitoring, the output should be balanc

K A/m) on the metery.and a source impedance of approximately 75 Q.

ated, normally‘\closed, relay contact rated at 24 V DC, 1 A. The threshold of dg
the alarm cirguit should be chosen so that it reliably detects a real fault in spite

ses in‘the original signal.
ause in the speech of several seconds should not cause the alarm to trigger

ive an
ntrol at
mplifier

ther to

ed and

uld have a rated voltage of 0,775V, corresponding to -8 dB (400 mA/m) (i.e.

alarm output, if required, to indicate failure of reception, should be in the form of an

tection
of any

gnetic intérference that might be present, without false triggering, due, for exanpple, to

If the
, there

b system and the receiver are normally switched on some time before an even

might be no significant signal to the microphone, so that the alarm operates. In this case,

the

alarm should not initiate any automatic response.

f) The direction of maximum response of the magnetic pick-up device should be marked on

the

equipment enclosure.

NOTE The receiver can be made sensitive enough to operate on overspill field strengths. Optionally, a means for
rotating the pick-up device to align with the magnetic field direction can be provided.
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A.3 Recommendations for portable receivers

Portable receivers should conform to the following recommendations.

a) The recommendations of Clause A.2 for fixed receivers should be followed, except that
there is no need for a provision for a loudspeaker, and an output for headphones is
essential. If the open-circuit output voltage is limited to less than 5V (for example if a
1,5V battery is used), the output source resistance can be reduced in proportion from
120 Q.

b) A battery condition check or "battery low" indication should be provided.
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Annex B
(informative)

What is a hearing-loop system (HLS) and how does it work?

B.1 General

An HLS is a method of improving communication with hearing-aid users using magnetic fields.
A basic HLS comprises a cable in the form of a loop, often laid around the perimeter of the

currenf in the loop cable, causing a magnetic field to be produced in the viCinity of the loop.
This mpgnetic field is a reproduction of the signal feeding the amplifier, and-can be pigked up
by suitable hearing aids and receivers.

This document is principally concerned with HLS for hearing,K enhancement, for| which
receivgrs are normally hearing aids equipped with a telecoil (the use of which is
converftionally designated as "set to T"). The majority of hearing aids incorporate this feature,
but it might not be activated at the time the hearing aid jis dispensed. Hearing aids set to T
pick up the magnetic field and produce sound in the~ear of the wearer. For hearing aids
withou{ this feature, a special loop listener is required

NOTE 1| In newer hearing aids, the T input can be assignedite’a user-selectable program that can be selcted by
(typically) operating a small push-button on the hearing(aid. It is important to note that it can be difficult to
determine externally if such a hearing aid is fitted with aeoil, and if it has been assigned to a program.

The expfession MT is conventionally used to indicate’ a situation in which both magnetic and acoustic signals are
being pigked up simultaneously by the hearing_aid or receiver. This combined setting might be preferred by the
user in dertain situations — for instance, in order, to be able to hear alerting or emergency sounds or alarms

As most hearing aid users are standing or sitting, and most hearing aids have vertical gr near-
vertica| telecoils, only the vertical component of the magnetic field of an area-coverage loop
system| is useful everywhere.within the useful magnetic field volume and the listening glane is
horizontal. However, in therouter regions of some loop systems, or if the user is lying down,
the hofizontal component) of the magnetic field can be useful. The listening plane for [seated
listeners is conventionally taken as 1,2 m above floor level and that for standing listeqpers as
1,7m Ibove floor level. Where a single plane height is required for design purposes, it|should
be takeén as being=1.45 m above floor level, and the resultant design checked for heights of
1,2 m gnd 1,7-m.

NOTE 2| .Seund consists of vibrations, usually in air. The number of vibrations per second is related to the pitch
(high orllow) of the sound and is called the "frequency” which is measured in hertz (Hz) 1 Hz is equdl to one
vibration per second. Frequencies within the range from 20 Hz to 20 000 Hz (20 kHz) conventionally cover the
range of human hearing. For the purposes of this document, the extremes of this range are of lesser importance,
and attention is concentrated on a restricted range, from 100 Hz (a little more than one octave below middle C) to
5 kHz (approximately four octaves above middle C).

B.2 Benefits of HLS (for hearing enhancement)

While hearing aid(s) worn by a person with impaired hearing can provide a useful
improvement to the effectiveness of hearing local conversations, they are not so effective
when listening to speech or music at a distance. This is because the microphone of the
hearing aid picks up the wanted speech or music together with the general noise and
reverberation of the room and the unwanted speech of other conversations.
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General noise and unwanted conversations present less of a problem for people with normal
hearing, as they are better able to focus on to the wanted sound. If a suitable microphone is
placed near the source of wanted sound, and coupled by some means to a hearing aid or
other suitable listening device, the problems of reverberation and unwanted noise are, to a
large extent, overcome, and the listener hears the sound more clearly.

While the coupling between remote microphones and hearing aids (or other listening devices)
can be achieved by means of wires, infra-red radiation or radio transmission, magnetic
induction provides a simple means by which users of hearing aids with a T (telecoil) function
can receive the transmissions without the need for additional equipment. The wearer can be
located anywhere covered by the induction-loop and can move around, stand up, or sit down
as necessary. There is no inconvenience of a trailing wire and use can be made of the user’s
own hegaring aid which is correctly matched to the hearing deficiency. An HLS ,ddes not
requirel special receivers to be issued to and collected from the users. This saves lequipment
and the associated administrative costs.

theatres, conference rooms, cinemas, places of worship, meeting halls~shopping aregs, and
educat|on establishments, and also for passenger handling buildings associated with rail, sea
and airftransport. Smaller scale installations in household premises-and residential homnes can
increage enjoyment of radio, television programmes and personal,computers. HLS can also
prove [o be valuable for interview areas, ticket booths and.service counters (tickef office
systemls). All of these facilities can enable people with impaired hearing to participate more
fully in|the relevant proceedings.

HLS ane appropriate for installation where information needs to be imparted; for exa{ple in

The majority of HLS can be successfully designed and{installed at reasonable cost. Adyice on
likely costs can be obtained from caring organizations or from appropriate trade associations.
As a deneral rule, small systems in simple buildings can give good results with a|simple
approach to design and maintenance. Large installations and those in complicated byildings
do, however, require considerable care and_can prove to be relatively more costly.

B.3 |[Limitations of HLS

When lsing a hearing aid set-t0-T, and there can be long periods without any signaj being
sent td the system, hearing aid users might think that the system is not working. In these
instanges, it can be desirable to give reassurance that the system is in operation by the use of
a "confidence signal", @\tone-burst or "pip" that repeats very ten seconds or so. Care is
required that such a féature does not become annoying.

The benefits given-by HLS are lost if the system is not properly managed and maintajned to
ensure|that it is-available when required and adjusted to suit the circumstances.

Failurel efan HLS might not be evident to the owners or managers of the installation|unless
monitormg s provided (See ANNEX AJ.

The operation of an HLS can be affected by

a) the effect of metal in the building structure and within the coverage area,
b) magnetic field overspill from adjacent HLS, and

c) magnetic noise interference.

The overall effects of these factors should be identified during the site assessment.
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Annex C
(informative)

Explanations of the basis of the design formulas

C.1  Magnetic field strength

Cc.11 Magnetic field strength produced by an element of conductor

By Ampére’s rule (also attributed to Laplace, and to Biot and Savart), the magnetizing force
SH at gpointPdistance—dfromea—conductoretement-oxinconduetorXt—earryinga—ecurient / is

given Hy the following formula:

5H = I(5x)cos( 4;’; j

2
where

¢ is the angle between the line joining the point to the elemegnt, and the perpendicular from
the|point to the line containing the element (see Figure C.4).

If a is the length of the perpendicular PX, then:

CoS ¢ =[—

and:

5¢ = (6% )cos [%j

so that

(&)coq] £ | = ¢ _ (8d)cosg
d? d 2

and:

I X‘Jx\r\r\ollx
oH = "7
4ra
C.1.2 Field strength produced by a circular loop at a point on its axis

Consider a conductor in the form of a circular loop of radius r and centre C, carrying a current
| [see Figure C.1)]. The field strength H at the point P on the axis of the loop is given by the
following formula:

H=3(8H)sino

along the axis, and by symmetry, the components perpendicular to the axis sum to zero.
Thus:
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Hoy 1(81)sin@
47d?
P 1 3
@
i, S )
a - d d
- I r 6 5H
dx cos @
- (0]
X A B A
L
i dx
—
IEC
IEC
al Produced by an element of b) Produced by a circular loop

conductor XL

Figure C.1 — Generation of magnetic fields

Now, §né=r/d, so that:

N
Q
@l

Ir?

2_(r2 +h2)3/2

If h =0, r=d, so that the field strength’H; at the centre of a circular loop is given by:

The rafio of the field strength at the centre to that at any point on the axis is given by:

Ho

(r2 2 )3/2
H | B

Expressed In terms of the height ratio h,, which for a circular loop iIs equal to h/r, this
becomes:

Ho

o (1+hn2)3/2

Values of this function for values of h, from 0 to 12 are given in Table C.1, for comparison
with the corresponding values for square and rectangular loops.
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Table C.1 — Factor by which the loop current has to be increased, compared
with that required for a given magnetic field strength at the centre of a square
loop, to obtain the same field strength for a rectangular loop at a point at height

ratio of h, above or below the centre of the loop

Height Rectangular loop Circular
ratio, loop
h, Values of aspect ratio
1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0 6,5
0,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
0,100 1,013 1,015 1,019 1,024 1,029 1,034 1,039 1,044 1,049 1,054 1,059 1,064 1,015
0,200 40504059 4076 4005 4445 4435 4455 4476 1406 4246 4236 4256 1061
0,300 |1,114 1,134 1,171 1,213 1,258 1,303 1,348 1,394 1,439 1,484 1,530 1,575\[1,138
0,400 |1,206 1,239 1,304 1,378 1,456 1,536 1,616 1,696 1,777 1,857 1,938 2,048 |1,249
0,500 (1,326 1,377 1,475 1,589 1,709 1,832 1,956 2,081 2,206 2,332 2,457-)2,583 |1,398
0,600 [1,477 1,548 1,685 1,846 2,017 2,191 2,369 2,547 2,726 2,906 3,086 3,266 |1,586
0,700 [1,663 1,755 1,937 2,150 2,378 2,613 2,851 3,092 3,334 3,577 3,821 4,065 |1,819
0,800 (1,884 2,001 2,231 2,503 2,795 3,097 3,404 3,715 4,029 4344 4,660 4,977 |2,100
0,900 |2,145 2,288 2,570 2,906 3,268 3,644 4,028 4,417 4,810\..5,205 5,603 6,001 [2,435
1,000 (2,449 2,619 2,958 3,363 3,801 4,256 4,724 5,198 5678 6,162 6,648 7,136 [2,828
1,100 (2,800 2,999 3,398 3,876 4,395 4,937 5,494 6,060/, 6;634 7,213 7,796 8,383 [3,285
1,200 (3,200 3,431 3,893 4,450 5,055 5,688 6,341 7,000 7,681 8,362 9,050 9,741 |[3,811
1,300 (3,654 3,918 4,448 5,088 5,784 6,515 7,269..8,039 8,821 9,612 10,410 11,214 [4,412
1,400 |4,165 4,465 5,067 5,794 6,587 7,421 8,282~ 9,163 10,058 10,965 11,881 12,804 |5,093
1,500 [4,738 5,075 5,754 6,574 7,469 8,412 9;386 10,383 11,398 12,426 13,466 14,515 |5,859
1,600 [5,375 5,753 6,513 7,431 8,435 9,494\ 10,584 11,703 12,844 14,000 15,170 16,351 |6,717
1,700 |6,083 6,504 7,349 8,371 9,488 10,665 11,882 13,130 14,402 15,692 16,999 18,318 |7,672
1,800 [6,863 7,330 8,267 9,399 10,636)11,938 13,286 14,668 16,077 17,508 18,957 20,421 |8,731
1,900 [7,721 8,237 9,271 10,519 14,882 13,317 14,802 16,325 17,877 19,454 21,051 22,666 |9,898
2,000 /8,660 9,228 10,366 11,737 y13,233 14,806 16,435 18,104 19,807 21,536 23,288 25,060 [11,180
C.2 [Magnetic field’strength at the centre of a rectangular loop
Consider a conductor, in the form of a rectangular loop WXYZ, sides A and B, with ceptre O,
carrying a current (see Figure C.2).
The field\at O due to element 6x (see C.1.1) is given by:
8H:Ioosw[8—'/lj
27B

since OE = B/2. Therefore, the field at O due to conductor WX is given by:
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Thus:

Hwx = (Ej m

Similarly, the field at O due to CD is given by the same formula, and that due to BC or DA is
given by:

/ - B -
Hxy = Hzw =(—j T
7B <A2 +BZ)
and all[these fields are in the same direction, so the total field strength at Q\.is given by
o)A 8
r B\/(AZ +BZ) A\/(AZ +B?)
2 (A2 +52)
| zaB
w 5x E X
l//—h-
WX = A
@ XY = B
WE = EX
o]
Z Y

IEC

Figure C.2 — Diagram for calculating magnetic field strength
at the centre of a rectangular loop

C.3 Magnetic field strength at an arbitrary point

To calculate the magnetic field strength at an arbitrary point due to a current in a rectangular
loop, leading to the current required for a given field strength at the centre of the loop and the
variation of field strength with distance from the plane of the loop, consider Figure C.3 in
which XQY is a conductor having a right-angle bend at Q.
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By Ampére’s rule, the magnetic field vector perpendicular to plane PXQ, due to current / in an
element of conductor dy is given by:

I8y cosg
OHyq =———
Q 47[82
where
m
COSp =—=—7 and
oy :_Sji
cqso
Thus:
§Hyq - Iﬁ_go _ 16¢cosp
Ars 4dzm

so thaf the field due to all the conductor parallel to the y-axis, i.e. XQ (see Figure

given RQy:

| (o
Hyq =F—|. cosed
xQ 4ﬁmfo pdg

where
1
X2 +Z2 é
cosd S 5 5
X“+y +z
Hence;

/ /
Hya =F—(sin® -sin0) = ——sin®
o= =4

C.3), is
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(0,0,2) P

< ¥

!
o I/-/(x, 0, 0)

Figure C.3 — Diagram for calculating magnetic field strength at an arbitrary pojint

From Higure C.4:

y

\/<X2 + y2 + 22)

sin® =

so that

/ I
Hyq = y _ y

py— \/(X2+yz+zz) 47[\/(X2+22)\/(x2+y2+22)

P
[
T —
v (x2 + 22) V(X2 + y2+ 22)
X Y Q

IEC

Figure C.4 — Diagram for calculating cos® and sin®

The component in the z-direction, Hyqg,, due to the conductor parallel to the y-axis
(see Figure C.3) is given by:
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Ixy
47r(x2 + zz)\/(x2 + y2 + 22)

A similar expression gives the component due to the conductor parallel to the x-axis, so that
the total field strength in the z-direction Hyqy, is given by:

Hxay:

which zlzgrees with Formula (1) given in [2].

Similar]y, the horizontal component in the x-direction, which is due to the conducter par
the y-akis, is given by:

HQYX = HQY cosl =

which

horizontal component in the y-direction.

These

method given in [2] but using the notation given in\this document, a rectangular loop
up with sides A = 2p, B = 2q, as shown in Figurg, C.5, and the new variables x4 = (p —

(p + x)

(x, y, z) for a current / in the loop is then givén by the formula:

At the

Ho =

as derikv

Ho

| 2 2 X.y. 1 1
H (. yp2)=—2. 2. = [ 272 2}

N |-
o
Q

~ Ixy [ 1 J
4z ((x2+y2+22) Xry? yPez

lyz
47r(x2 + 22)\/(x2 + y2 + 22)

agrees with formula (2) given in [2], and there is an analogous expression

expressions become indeterminate at the .interesting point (0, 0, 0), so, us

y1=(q—Yy)and y, = (q + y) are definéd> The field strength in the z-direction at

2
4”i:1j:1\/(x,-2+y12-+22) XKtz yj+z

point (0, 0, 0), the_eentre of the loop, this becomes:

]

allel to

for the

ng the
is built
)1 X2 =
a point

_2ID
7AB

Hence,

/

_ wABH,

2D

Also, the field strength at a point (0, 0, z), which represents a point vertically above or below
the centre of a horizontal loop, is given by:
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/ oJe] ( 1 1 J
HOz=_ +
N P R N a A A

For a square loop, p = q =r. Put z= h. Then:

Ho 1+h2) (2r2+h2)
Hoz V2(r?)

and, if b, = hir, the height ratio:

Ho 1+h,%) (2+h,%)
HOz \/E

l z

i
\Q (x, ¥, 2)
B

A / - ‘\.\x
IEC

Figure C.5 — Diagram for calculating magnetic field strength at point (x, y, 2)

In the general case of a rectangular loop, aspect ratio y = q/p, substituting y and h,, = hiN(pq)
in the formula for H,, above gives:

| \/[(1—1-7/2)(;/2 +yh2 +1ﬂ(7/+h,2,)(1+ 7h3)

Hoz ( 72 2yh2 4 1)
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This formula connects the field strength at height ratio &, with the field strength at the centre
of a rectangular loop of aspect ratio y. The field strength decreases more slowly with
perpendicular distance from the plane of a square loop than from that of a loop of any other
aspect ratio.

C.4 Loop conductor sizes and resistances

C.4.1 General

In order to develop the design formulas, it is necessary to derive the resistance of the loop
conductor in terms of its material (assumed to be copper), its area of cross section and its
length,[from firstprincipies. This dertvation 15 given th C. 4.2 and the same method can also be
used to¢ determine the resistance of a loop using a type of conductor for which therg¢ is no
applicgble product, such as a ribbon cable for use under carpeting.

Where(the loop conductor conforms to IEC 60228, Class 1 or Class 5, then Table {d.2 and
Table €.3 can be used for quick reference.

C.4.2 Resistance of the loop conductor and relation between“‘conductor size and cut-
off frequency for a voltage-driven loop

The ayerage resistivity of copper, as used in wire, at 0 *C"is py = 16,5 nQ'm, and the
temperature coefficient of resistance is a = 3,93 x 102 KD at room temperature. The loop
condudtor is heated by the current flowing through it)'so it is above room tempgrature.
External sources of heat such as central heating pipes ¢an also raise the temperaturg of the
condudtor to a greater extent than the heating dueXto the current. The temperature rige of a
copper|conductor is slightly larger than proportionat'to the square of the current, becalise the
temperature coefficient of resistance is positiyé> The temperature limit for widely-usgd PVC
(or similar) insulated conductor in a cable "operating at its rated current is 70 °C.| For a
condudtor whose rated current is sufficient-to produce a magnetic field strength of 400lmA/m,
the long-term average current (producing a field strength of approximately 100 mA/m) is
therefdre sufficient to produce a temperature rise of about 2 K above an assumed 20 °C
ambient temperature, which is negligible in this case. The resistivity at 8 = 20 °C is givgn by:

P20 = o (1+ad)=17.8nQ-m

Both the resistivity and\the temperature coefficient of resistance of manufactured conguctors
can differ slightly from-these values (see Table C.2 and Table C.3). The resistance in ghms of
a rectapgular loopyisides A and B, of copper wire with diameter d is given by:

8p)o(A<B) 1.42x107 (A+B)

R=
nd? 7d?

For a voltage-driven loop at the cut-off frequency f; (at which the current falls by 3 dB referred
to its low-frequency value), the loop resistance and inductive reactance are equal. That is:

1.42x107 (A+B)
xd?

27fy x4x107% (A+B) =
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Table C.2 — Class 5 flexible annealed copper conductors for standard
single-core and multi-core cables

Nominal cross Number/diameter of Effective Maximum resistance Current rating
section conductors diameter at 20 °C
mm? mm™! mm mQ-m~! A
0,22 7/0,2 0,53 92,0 1,4
0,40 13/0,2 0,71 48,0 1,8
0,50 16/0,2 0,80 39,0 3
0,75 24/0,2 0,98 26,0 6
88 32462 46 495 48
,25 40/0,2 1,26 15,6 13
NOTE | Effective diameter values are calculated.

Hence/ the cross-sectional area (in m2) is given by:

7d?

1.42x1077  1.42x10°°

-

327f,x108  fp

It should be noted that the terms (A + B) cancel, so that‘the result does not depend
loop dimensions.

on the

loop

C.4.3 Quick reference tables (derived from-IEC 60228)
The valJues of resistance given in Table C.2:and Table C.3 are the maximum values pefmitted
(or extrapolated from those) in IEC 60228, Values calculated by the method given in|[ C.4.2,
and acjual measured values, are usuallyilower.
Table C.3 — Class 1 solid annealed copper conductors for single-core
and multi-core cables
Nominal cross section Effective diameter Maximum resistance at 20 °C Current rating
mm? mm mQ-m-! A
0,50 0,80 36,0 —
0,75 0,98 24,5 _
1,00 1,10 18,1 11,0
1,50 1,38 12,1 14,5
o,nn 1,sm 7’A1 1Q‘R
4,00 2,26 4,61 26,0
NOTE 1 Effective diameter values are calculated.
c4.4 Inductance of two parallel wires, leading to the inductance of a rectangular

This analysis uses the method given in [4]. Consider two parallel wires, P and Q, radius a and
separation D, with D >> a, carrying a current / in opposite directions. For the wire P, the
magnetic field strength at radius r, H, is given by:

Hy

l

" 2nr
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and the flux density at radius r, B, is given by:

B, = Ml
2xr

Consider a cylindrical shell, radius r and thickness &r. The total flux in 1 m length of shell, ¢ is
given by:

¢ =B.br L’[ﬂj

2zr\ r

This flyx links with wire P alone.

Linkage with conductor P due to flux in an element, @p, is given by:
1o
T\ r

Thus, tptal linkages with P due to current in P, @pp is given by:

Ppg =

NY |5

i/ Rg_illn(Rj

Prd r  2r¢ a

DOpp = 1

where R is a very large radius.

Similarjy, total linkages with Q due to currentin P, @qp is given by:

ul (RAr _ ul n(Rj

(0] =y | == = -
PTbror T2z \D

total likages with Q due to current in Q, @qq is given by:

ul R
Do =l—In| —
QQ 2r (aj

total linkages-with P due to current in Q, @pq is given by:

A7 (R

Thus, total linkages with P, @&p is given by:

o 21(2) (3]} -2

and the total linkages with Q are also equal to this. Therefore, the total inductance of the two
wires (i.e. the linkages for unit current), per metre of length, L is given by:

L:ﬁm[gj =ﬁ|n(§j
V4 a V4 d
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where the wire diameter d = 2a. At low frequencies, there is flux inside the conductor which
produces an additional inductance of u/4n in henrys per metre, but in most of the cases
considered here, this is negligible. It would not be negligible if ferromagnetic wire were used.

For two pairs of wires, forming a rectangular loop of sides A and B, the inductance L, is
therefore, by superposition:

Le=ﬁ[

T

This f

of28)o (2]

rmula is difficult to handle. The side of a square loop of equal perimeter to the

rectang
y7i

La="
T

It is fq
betwed
exceed

practical range. Table C.4 gives values for this ratio.

The pr

3 m (used in a household system, for instance) to a logp) of the maximum practicable
0 m side. If the conductor diameters were{(in conflict with the design m
presented here) 1,4 mm and 0,6 mm respectively, then A/d varies from 2 143 to 66 666

about

for squ

8,0<In

Setting

104
T

L

Norma

L=4x1

ular loop would be (A + B)/2, and the inductance L, of this would be:

A+Bj

A+B)In(

und by calculation that, for aspect ratios (B/A) between 1-and 12 (and th
n 0,083 and 12, since A and B can be interchanged), thé ratio of L,/L, dg

brefore
es not

1,2 for values of A/d from 2 000 to 128 000, which mare than covers thg likely

ctical range of A/d can be considered to extend frgm the case of a loop of smaller side

re loops of these dimensions:

ﬁj <120
d

n[A+Bj=1o:
d

(A +B)

0 8(A+B)

ly, 4 = ug\= 4n x 10~7 H/m, so that:

size of
ethods
7, and

where L is measured in henrys; or

L=4(A+B)

where L is measured in microhenrys.

NOTE A more extensive treatment of the calculation of inductance can be found in [2].
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Table C.4 — Ratio of approximate to exact inductance

Ad L/L,

Values of y

1 2 3 4 5 6 7 8 9 10 11 12

2 000 000 1,000 1,020 1,049 1,075 1,097 1,117 1,134 1,149 1,163 1,176 1,187 1,198
4 000 000 1,000 1,019 1,045 1,069 1,090 1,108 1,124 1,138 1,151 1,163 1,173 1,183
8 000 000 1,000 1,018 1,042 1,064 1,083 1,100 1,115 1,128 1,140 1,151 1,161 1,170
16 000 000 | 1,000 1,016 1,039 1,060 1,078 1,094 1,108 1,120 1,131 1,141 1,151 1,159
32 000000 | 1,000 1,015 1,037 1,056 1,073 1,088 1,101 1,113 1,123 1,133 1,141 1,149
64 004 000 | 1,000 1,015 1,035 1,053 1,069 1,083 1,095 1,106 1,116 1,125 1,183 | 1,141
128 00p 00O | 1,000 1,014 1,033 1,050 1,065 1,078 1,090 1,100 1,110 1,118 _4,426 | 1,133

C.4.5 Variation of the impedance of a loop of fixed dimensions with-conductor
resistance

Values|of L, are given in Table C.5.
Table C.5 - Values of L

ol lel

Values of r]
0,100 0,158 0,251 0,398 0,631 1,000 1,585 2,512 3,981 6,310 10,000 15,849
0,10¢ -16,990 -14,545 -11,361 -7,734 -3,982 0,043 4,017 8,007 12,003 16,001 20,000 24,000
0,154 -14,545 -12,990 -10,545 -7,361 -3,734_ 0,108 4,043 8,017 12,007 16,003 20,001 24,000
0,259 -11,361 -10,545 -8,990 -6,545 -3,361 0,266 4,108 8,043 12,017 16,007 20,003 244,001
0,394 -7,734 -7,361 -6,545 -4,990~-2,545 0,639 4,266 8,108 12,043 16,017 20,007 24,003
0,631 -3,892 -3,734 -3,361 -2,545 -0,990 1,455 4,639 8,266 12,108 16,043 20,017 24,007
1,00q 0,043 0,108 0,266,~\0,639 1,455 3,010 5,455 8,639 12,266 16,108 20,043 234,017
1,584 4,017 4,043 4,108 4,266 4,639 5,455 7,010 9,455 12,639 16,266 20,108 34,043
2,514 8,007 8,017 8,043 8,108 8,266 8,639 9,455 11,010 13,455 16,639 20,266 34,108
3,981 12,003 12,007 y 12,017 12,043 12,108 12,266 12,639 13,455 15,010 17,455 20,639 24,266
6,31 16,001 16;003 16,007 16,017 16,043 16,108 16,266 16,639 17,455 19,010 21,455 24,639
10,00p 20,000720,001 20,003 20,007 20,017 20,043 20,108 20,266 20,639 21,455 23,010 245,455

C.4.6 High-level equalizer

Referring to Figure C.6:

R
sC(R; +1/sC)

/

— = +8L)+
C=|(Rr st
Let CRy = 7y and L/IR, = 1,, then:

I (1+ st4)
V. R(1+sy)(1+s2)+R

Let Ry = aR, and 7, = 7y, then:
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R _

(1+s19)

Vo (1+a)+s(1+ B)ry +52/ir12

Let y=

R

1/(1 + a) and 7 = V(By)zq, then:

y(1+3r/\/ﬁ)

Vo1

+3z7/(1+/3)/\/ﬁ+ 2

It is possible to obtain a maximally flat response using this network, but it is not possible to

find uspble analytical expressions for the circuit values in terms of the upper -3 dB fre

g, an
peak in
of the
and 1
and a 3

At the

22)
44)

it is important to be able to do this in practice. A practicable solution, giving

the response at approximately 0,4 », (not exceeding 0,82 dB), is to force the s
moduli of numerator and denominator, after substituting s = jw, into the-forms
4 respectively. Hence V(87) = 1 and y(1 + BN(By) =2, i.e. B=A ¥ 2, y=
£ V2. Also Ty = N(By) = .

ipper -3 dB band-limit frequency w:

ol

bre:

1+\2v2-1

144242 -1 1.534

Wc 2

huency
h small
quares
1+ 72
V2 -1
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An example of the frequency response achieved with a loop inductance of 100 uH is shown in
Figure C.7.

T

9]

i
L o
From amplifier

1EC

Optional transformer Equalizer Loop

Figure C.6 — Circuit diagram of a “high-level” or Poperwell equalizer
(for insertion between the amplifier and thejloop)

100 Hz 1 KHz 0 KHz
IEC

Figure C.7 = Frequency response obtained with a high-level equalizer
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