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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
CODE OF PRACTICE FOR HEARING-LOOP SYSTEMS (HLS)  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  comm i ttee  has  representat i on  from  al l  
i n terested  I EC  Nati onal  Comm ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cat i ons  
transparentl y  to  the  maximum  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestat i on  of  con form i ty.  I n dependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC marks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servants  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
other damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l egal  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some of  the  e l ements  of  th i s  I EC  Publ i cati on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

The main  task of  IEC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  However,  a  
techn ical  comm i ttee  may propose  the  publ icati on  of  a  Techn ical  Report  when  i t  has  co l l ected  
data of  a  d i fferent  ki nd  from  that  wh ich  i s  normal l y publ ished  as  an  I n ternati onal  Standard,  for  
example  "state  of  the  art" .  

I EC TR  63079,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC  techn ical  
comm i ttee  29:  E lectroacoustics .  

The  text  of  th is  Techn ical  Report  i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  vot i ng  

29/91 7/DTR  29/923/RVC  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  Techn ical  Report  can  be  found  i n  the  
report  on  vot i ng  ind icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves ,  Part  2.  
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The  comm i ttee  has  decided  that  the  con ten ts  of  th is  documen t wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci fi c  document.  At  th is  date,  the  documen t wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

A b i l i ngual  vers ion  of  th is  publ icat i on  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  l ogo  on  the cover page of  th is  publ ication  i nd icates  
that  i t  contains colours which  are considered  to  be usefu l  for the  correct  
understand ing  of  i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour printer.  
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INTRODUCTION  

The performance  of  i nducti on- loop systems  i s  speci f ied  i n  IEC  601 1 8-4,  whereas  
IEC TR  63079  g i ves  recommendations  and  gu idance  for the i r  des i gn ,  p lann ing ,  i ns tal lat i on ,  
testing ,  operation  and  main tenance.  Provis i ons  for componen ts  of  a  system  are  g i ven  in  
IEC 62489-1 .  Methods  of  calcu lati on  and  measurement  of  the  magnetic  f i e l d ,  i n  the  context  of  
human  exposure,  are  g i ven  i n  I EC  62489-2.  

Th is  document takes  the  form  of  gu idance  and  recommendations.  I t  shou ld  not  be  quoted  as  i f  
i t  were  a speci f ication  and  part icu lar care  shou ld  be  taken  to  ensure  that  c laims  of  compl iance  
are  not  m is lead ing .  

Any user claim ing  compl iance  wi th  th is  document  i s  expected  to  be  able  to  j ust i fy any course  
of  act ion  that  deviates  from  i ts  recommendations .  
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CODE OF PRACTICE FOR HEARING-LOOP SYSTEMS (HLS)  
 
 
 

1  Scope 

This  document,  wh ich  i s  a  Techn ical  Report,  g i ves  recommendations  for and  gu idance  on  the  
des ign ,  p lann ing ,  i nstal l ati on ,  testi ng ,  operation  and  main tenance  of  a  hearing - loop system  
(HLS)  i n tended  for commun icati ng  speech ,  music  and/or other s i gnals.  I t  i s  main l y concerned  
wi th  HLS for heari ng  enhancemen t,  i n  wh ich  the  s i gnals  are  commun icated  to  users  of  hearing  
aids  equ ipped  wi th  magnetic  p ick-up  co i ls .   

Th is  document  does  not  appl y to  i nducti on - loop systems  wh ich  use  a  carrier  frequency,  nor  to  
other systems  for heari ng  enhancement purposes  wh ich  do  not  use  magnetic  i nducti on .  

2 Normative references  

There  are  no  normati ve  references  i n  th is  document.  

3 Terms,  defin i tions,  signs and  symbols  

For the  purposes  of  th is  document,  the  fo l l owing  terms  and  defi n i t i ons  apply.  

ISO and  I EC main tain  term inolog ical  databases  for use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:   

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia. org /  

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  

3. 1  Terms and  defin i t ions  

3. 1 . 1   
hearing -loop system  
HLS 
system  includ ing  ampl i f i er(s) ,  m icrophones  and/or other s ignal  sou rces,  i n  wh ich  magnetic  
f i e l ds  are  created  by the  f low of  aud io-frequency curren t  i n  a  conductor arranged  i n  the  form  
of  one  or more  l oops  or  a  co i l  or  so lenoid  

Note  1  to  en try:  The  techn i cal  term  for a  heari ng - l oop  system  i s  "aud io-frequency i nduct i on- l op  system"  (AFI LS) .  

3.1 .2   
HLS for  hearing  enhancement  
HLS i n  wh ich  the  i n tended  receivers  are  heari ng  aids  or  special l y des igned  l i s ten ing  devices  
equ ipped  wi th  co i ls  act i ng  as  magnetic  an tennas  

3.1 .3   
d i rect-to-reverberant  ratio  
rati o,  at  a  g i ven  po in t  i n  the  sound  f i e ld ,  of  the  sound  pressure  due  to  the  wanted  sound  
source  to  the  sound  pressure  due  to  reverberati on  

3.1 .4   
hearing  aid  
personal  ampl i f i cation  system ,  worn  en ti re l y on  the  l i s tener,  wh ich  i s  des i gned  to  enable  a  
person  wi th  impai red  heari ng  to  hear more  eas i l y  

http://www.iso.org/obp
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3. 1 .5   
loop  l istener 
l i s ten ing  device  wh ich  i s  des i gned  to  g i ve  an  aud ible  ou tpu t  i n  response  to  s ignals  transm i tted  
by an  HLS  

3. 1 .6   
HLS mon i toring  receiver 
equ ipment  des i gned  to  veri fy the  performance  of  an  HLS by aud io  and  visual  means  

a)  provid i ng  vis i ble  i nd icati on  that  i t  i s  powered  and  when  the  s treng th  of  the  magnetic  f i e l d  
produced  by the  l oop  fal l s  wi th i n  a  speci f ied  range,  

b)  provid i ng  an  aud io- frequency ou tpu t  by wh ich  the  sound  qual i ty of  the  HLS transm iss ions  
can  be  assessed ,  and  

c)  provid i ng  other,  opti onal  faci l i t i es  (see  Annex  A)  

3. 1 .7   
magnetic  f ield  strength  
magn i tude  of  the  magnetic  f i e l d ,  at  a  stated  po in t  i n  space  and  i n  a  stated  d i rection ,  
generated  by the  f low of  al ternating  current  i n  an  HLS  

3. 1 .8   
l i sten ing  plane  
plane  perpend icu lar  to  the  axis  of  te lecoi l s  i n  heari ng  ai ds  (see  Annex  B)  

3. 1 .9   
usefu l  magnetic  f ield  volume 
volume wi th in  wh ich  the  system  provides  hearing -aid  users  wi th  a  s ignal  of  acceptable  qual i ty  

[SOURCE:  IEC  601 1 8-4:201 4,  3 . 2,  mod i fi ed  — The  brackets  have  been  deleted  from  the  
def in i t ion ,  as  wel l  as  the  notes. ]  

3. 1 . 1 0   
system  designer 
techn ical l y competen t  person  who  takes  respons ibi l i ty for the  techn ical  speci f ication ,  des ign  
and  performance  of  the  system  

3. 1 . 1 1   
simple  system  
HLS that  i s  ne i ther l arge  nor complex and  does  not  requ i re  special i st  ski l l s  i n  order to  ach ieve  
a sat isfactory resu l t  

3. 1 . 1 2   
counter system  
ti cket  off ice  system  
smal l  area HLS designed  to  ass ist  communicati on  between  (usual l y)  two  persons,  sometimes  
th rough  a  transparen t  screen  

Note  1  to  en try:  For example  at  a  t i cket  off i ce  or  bank.  

3.1 . 1 3   
complex instal lation  
HLS i nstal l ati on  i n  wh ich  any of  the  fo l lowing  appl y:  

•  HLS  that  has  an  approximate  coverage  area g reater  than  400  m 2 ;  

•  i t  i s  requ i red  to  operate  c l ose  to  another  HLS,  wh ich  cou ld  l ead  to  co- i n terference;  

•  i t  i s  requ i red  that  a  certai n  area i s  not  covered  by the  HLS,  i n  case  i t  m igh t  i n terfere  wi th  
sens i t i ve  e lectron ic  equ ipment,  for  example  e lectri c  gu i tars  or  dynam ic  m icrophones;  
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•  i t  i s  requ i red  that  the  system  operates  on  a number of  d i f ferent  l i sten ing  p lanes;  

•  an  unconventi onal  l ayou t  of  l oop  conductors  i s  i nd icated ;  

•  there  i s  metal  i n  the  bu i l d ing ’s  structure  and  th is  causes  i rregu lari ty i n  the  f ie l d  streng th  
when  us ing  a  perimeter l oop  

Note  1  to  en try:  Such  i nstal l at i ons  are  l i kel y  to  requ i re  special i zed  des i gn  knowledge  i n  order to  obtai n  a  
sat i sfactory resu l t .  

3.1 . 1 4   
d i rection  of  the  magnetic  fi eld  
resu l tan t  d i rection  of  the  magnetic  f ie ld  at  a  po i n t  i n  th ree  d imensional  space,  ari s i ng  from  the  
phasor sum  of  componen ts  of  the  f i e l d  deri ved  by i n tegrati on  over al l  e lements  of  the  
i nducti on- loop  

3.1 . 1 5   
HLS reference  plane  
the  plane  to  wh ich  the  magnetic  characterist ics  of  the  HLS are  referred  when  s tati ng  speci f ied  
values  

Note  1  to  en try The  reference  plane  speci f i cat i on  i ncl udes  i ts  i ncl i nat i on  to  the  hori zon tal .  

3.1 . 1 6   
reference  magnetic  fi eld  streng th  level  
0  dB reference  for  magnetic  f i e l d  streng th  levels,  wh ich  i s  400  mA/m  

[SOURCE:  I EC  601 1 8-4:201 4,  3 . 1 ,  mod i fi ed  – The  def in i t ion  has  been  rephrased ,  and  the  
note  has  been  deleted. ]  

3. 1 . 1 7   
overspi l l  
magnetic  f i e l d  of  usable  streng th  that  i s  presen t  ou ts ide  the  vo lume i n  wh ich  i s  i t  requ i red  

Note  1  to  en try Th i s  magneti c  f i e l d  extends  ou ts i de  the  usefu l  magneti c  f i e l d  vol ume because  a  f i e l d  of  l ower 
s treng th  than  the  m in imum  speci f i ed  i n  I EC  601 1 8-4  can  s t i l l  i n terfere  wi th  other nearby HLS  or  be  rece ived  wi th  
su i table  equ ipment.  

3.2  Signs and  symbols  

3.2. 1  Symbol  for an  induction-loop  

The symbol  shown  i n  F igure  1  shou ld  be  used  on  ci rcu i t  d i agrams to  i nd icate  an  HLS.  

 

Figure 1  – Symbol  for  use  on  d iag rams  

3.2.2  Symbol  for mul t iple  loops  

The symbol  shown  in  F i gure  2  shou ld  be  used  on  ci rcu i t  d i agrams  to  i nd icate  a complex or  
l ow-spi l l  HLS.  

IEC  
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NOTE  n  i s  the  n umber o r  l etter correspond ing  to  the  c lass i f i cati on  of  l oop.  See  Cl ause  1 1 .  

Figure 2  – Symbol  for  mul t iple  loops for  use  on  d iag rams 

3.2.3  Sign  for d isplay in  premises where an  HLS is  instal l ed  and  for  HLS equ ipment  
identi fication  

Signs  for d i splay shou ld  be  produced  on  a  durable  material .  

Areas  where  the  reception  of  the  HLS i s  sat i sfactory shou ld  be  c learl y i nd icated  at  vi s i ble  
pos i t ions  by means  of  the  s i gn  shown  i n  F i gu re  3 ,  wh ich  i s  based  on  the  one  orig i nal l y 
adopted  by the  World  Federati on  of  the  Deaf.  The  s ign  shou ld  i nd icate  T  as  shown .  The  
background  co lour shou ld  be  Pan tone  reference  661  or  662  (bl ue)  and  the  pri n t i ng  shou ld  be  
i n  wh i te.  

NOTE  Some organ i zati ons  that  support  people  wi th  heari ng  l oss  do  not  approve  HLS  un l ess  s i gns  are  d i splayed.  
S i gns  of  o ther co l ours  are  found  i n  u se.  

Normal l y the  d imensions  of  the  d isplay s i gns  shou ld  be  a m in imum  of  1 00  mm  ×  1 00  mm ;  
when  used  on  equ ipment,  they can  be  of  any conven ient  s i ze.  

The  s i gn  shou ld  appear at  a  pos i t i on  vis i ble  i n  normal  use  on  HLS equ ipment,  on  l oop cable  
j unction  boxes  and  ad jacen t  to  the  l oop  cable  i tse l f  where  i t  wou ld  be  he lpfu l  to  main tenance  
personnel  or  he lp  to  preven t  accidental  d i stu rbance.  

 

Figure 3  – Sign  for d isplay in  premises  to  ind icate   
that  an  HLS is  i nstal l ed  and  for HLS  

equ ipment  i denti fication  

3.2.4  Identi ficat ion  of  areas where reception  of  the  HLS is  not  satisfactory  

Areas  where  the  recepti on  of  the  HLS i s  not  sat isfactory shou ld  be  cl earl y i nd icated  on  a p lan  
of  the  space  by means  o f  the  s ign  shown  i n  F i gure  4.  The  p lan  shou ld  be  placed  where  i t  can  
be  seen  by both  hearing -aid  users  and  s taff.  Th i s  s i gn  shou ld  also  be  placed  vis ib l y i n  the  
unsatisfactory area and/or on  al l  seats  i n  that  area.  

IEC  

IEC  
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Figure 4  – Sign  to  show seating  areas where  
HLS reception  i s  not  satisfactory 

4 General  

4.1  How to  use th is  document  

4. 1 . 1  Persons  addressed  

This  document i s  d i vi ded  i n to  c lauses,  wi th  recommendations  in tended  primari l y for  

•  pu rchasers  of  HLS (C lauses  1  to  9 ,  20  and  Annex  B) ,  

•  des i gners  of  HLS and  HLS  equ ipment  (C lauses  9  and  1 0 ,  20,  Annex  A,  Annex  C  to  
Annex G ) ,  

•  i nstal l ers  of  HLS  (Clauses  1 1  to  1 7,  Annex  A and  Annex H ) ,  

•  those  responsible  for comm ission ing ,  testing ,  operation  and  main tenance  (Clauses  1 4  to  
1 8 ,  20  and  Annex H ) ,  and  

•  those  respons ible  for  day- to-day operati ons,  ensuring  that  the  faci l i t i es  are  access ible  to  
as  many people  as  i s  reasonabl y poss ible  (Clauses  1 9  to  21 ,  Annex  A and  Annex B) .  

4.1 .2  Objectives  

The recommendations  of  th is  document  are  i n tended  to  l ead  to  the  fo l lowing .  

a)  Prospective  pu rchasers  clearl y understand  the  functions  and  l im i tati ons  of  an  HLS (see  
Annex B) .  

b)  The  des ign ,  i nstal lation  and  sett i ng -up  of  the  HLS  al lows  compl iance  wi th  the  appropriate  
requ i rements  for safety and  e lectromagnetic  compatibi l i ty and  al l  re levan t  regu lati ons  
re lat ing  to  e lectrical  i nstal lations .  

c)  Users  weari ng  heari ng  aids  equ ipped  wi th  a  magnetic  p ick-up co i l  receive  s i gnals  
transm i tted  by the  HLS that  are  i n te l l i g i ble  and  free  from  undue  d istorti on  and  i n terference  
even  when  al l  non-HLS equ ipment  normal l y used  i n  the  envi ronment i s  i n  operation .  

d )  The  recepti on  of  such  s i gnals  i s  poss ible  i n  any part  of  the  space;  where,  by force  of  
ci rcumstance,  the  reception  i n  some parts  i s  l im i ted ,  th is  i s  c l earl y def ined  and  i den ti f i ed  
(see  3. 2. 4) .  

e)  Visual  i nd ication  i s  g i ven  to  prospecti ve  users  that  an  HLS is  i nstal l ed .  

f)  Means  are  provided  for the  bu i l d i ng  management  to  easi l y veri fy that  an  HLS i s  working  
satisfactori l y (see  Annex A) .  

g )  The  HLS  can  be  satisfactori l y operated  and  main tained  by properl y trai ned  and  competent  
personnel .  

h )  Where  necessary,  the  HLS i s  arranged  for m in imum  extraneous  coverage.  I t  shou ld  be  
understood ,  however,  that  even  i f  an  HLS is  designed  to  l im i t  extraneous  coverage,  i t  
m ight  be  poss ible  for a  determ ined  person  ou tsi de  the  i n tended  area of  coverage  to  
receive  what  m igh t  be  con fi den tial  i n formation .  

IEC  
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Gu idance  i s  g i ven  on  means  to  reduce  possible  effects  of  the  magnetic  f i e ld  produced  by the  
l oop  on  other nearby equ ipment.  

4.2  Special ist  advice  

Except for home systems  sold  as  a complete  ki t ,  the  engagement of  a  ski l l ed  system  des igner  
i s  advisable  and  i s  cons idered  to  be  essential  whenever l arge  or  complex  i nstal l at ions  are  
i nvo lved .  Profess ional  bod ies  can  be  approached  for l i s ts  of  such  special i s ts.  

4.3  Safety aspects  

I t  i s  essen tial  that  an  HLS,  even  i f  temporary,  i s  i nstal led  i n  a  safe  manner and  i n  accordance  
wi th  safe  work practices  (see  1 0 .7) .  

4.4  Conforming  to  exist ing  performance documents  

The performance  document for HLS i s  I EC  601 1 8-4,  the  requ i remen ts  of  wh ich  have  been  
i ncorporated  (where  appl icable)  as  recommendations  in  th is  document.  

5 Technical  advice  

5.1  Complying  wi th  th is  document  

Sign i f icant  problems  can  arise  wi th  poorl y des i gned  or i nstal l ed  HLS.  Purchasers  shou ld  
sti pu late  that  the  des ign  and  i nstal lat i on  are  to  comply wi th  th is  code  of  practice  and  that  the  
system  shou ld  conform  to  I EC  601 1 8-4.  Operation  and  main tenance  procedures  shou ld  also  
be  in  accordance  wi th  th i s  code  of  practice.  

NOTE  For smal l  sel f- i nstal l  systems  i n tended  for  h ome use,  i t  i s  expected  that  the  manu factu rer has  ensu red  that  
the  bas i c  requ i rements  of  th i s  document  wi l l  be  met  i f  the  user fo l l ows  the  i nstal l at i on  i nstruct i ons  carefu l l y.  

I t  i s  recommended  that  con tracts  i ncl ude  a speci fi c  variation  clause  under wh ich  parti es  agree  
to  the  terms  of  the  contract  and  document  any agreed  variati ons.  

5.2  Seeking  techn ical  advice  

Whi le  many successfu l  HLS have  been  i nstal l ed  to  date,  compl iance  wi th  th is  documen t 
shou ld  g reatl y i ncrease  the  probabi l i ty that  sat isfactory resu l ts  wi l l  be  obtained .  I ts  provis i ons,  
however,  cannot  be  properl y appl i ed  wi thout  adequate  techn ical  knowledge  and  experience,  
and  each  des ign  presents  i nd i vi dual  chal l enges.  

Wherever possible,  techn ical  advice  shou ld  be  sought  duri ng  the  earl y p lann ing  stages  of  an  
HLS.  Such  advice  shou ld  cover  

a)  the  su i tabi l i ty of  an  HLS for a  part icu lar venue  and/or  appl ication  (see  C lauses  6  and  9) ,  

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

c)  factors  that  can  add  to  the  cost  of  i ns tal l ing  an  HLS,  

d)  the  need  for,  and  scope  of,  an  i n i t ial  s i te  assessmen t (see  C lause  7) ,  

e)  detai ls  of  the  aud io  source(s)  (see  C lause  1 0) ,  and  

f)  where  m icrophones  are  to  be  used ,  thei r  posi t ion ing  to  m in im ize  extraneous  no ise  and  
reverberati on  (see  C lause  1 0) .  

I n  al l  cases,  the  respons ibi l i ty for the  correct  performance  of  the  system  at  the  t ime  of  
comm ission ing  shou ld  l i e  wi th  the  system  des igner.  I t  shou ld  be  understood,  however,  that  the  
system  des igner cannot  be  held  responsible  for  the  parts  of  the  system  ou tsi de  thei r  con trol .  
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Where  the  HLS is  to  be  i nstal l ed  as  part  of  o ther e lectrical  works,  i t  i s  especial l y importan t  
that  al l  aspects  of  the  design  are  cl earl y speci fi ed ,  especial l y regard ing  m icrophones,  requ i red  
coverage  and  overspi l l .  

5.3  The nature  of  the advice  

Advice  sought  wi l l  depend  on  the  part icu lar i nstal l ati on  requ i rements  for each  HLS,  bu t  shou ld  
general l y be  covered  by the  fo l lowing  categories:  

a)  advice  from  the  designer/i nstal ler d i rect  to  the  c l i en t  on  al l  aspects,  from  in i t i al  quotati ons  
for the  task in  the  plann ing  stages  th rough  to  i nstal l ation ,  comm ission ing  and  main tenance  
of  the  HLS;  

b)  advice  from  the  des igner  to  a  techn ician  who  lacks  experience  wi th  HLS i nstal lations  bu t  
who  has  the  task of  i ns tal l i ng  the  system  (e. g .  systems  i n  new bu i l d ings  where  i nstal lat ion  
i s  to  be  carried  ou t  by e lectrical  contractors ;  systems  i nstal led  by i n -house  staff) ;  

c)  advice  from  an  appropriate  organ i zati on  or professional  body.  

5.4  Professional  (consu l tancy)  advice  

Profess ional  advice  from  a special i s t  consu l tant  shou ld  be  sough t  when  i nstal l at ions  are  to  be  
undertaken  in  extra- large  bu i ld i ngs,  presti g ious  bu i ld i ngs  and  those  pos ing  special  d i ff i cu l t i es .  

The  advice  of  an  i ndependen t  consu l tant  can  also  be  sought  i n  the  event  of  a  d ispute  between  
the  purchaser and  suppl i er or  manufacturer.  Such  advice  can  often  provide  the  most  
econom ical  resolu tion  of  the  d ispu te.  

6 Purpose of  the system  

The most  fundamental  pu rpose  i s  to  he lp  people  to  hear,  not  to  meticu lousl y obtain  readings  
on  meters;  these  are  a  method  of  ach ieving  the  desi red  resu l t.  

Before  approach ing  a suppl ier,  i t  i s  importan t  to  wri te  down ,  i n  non - techn ical  terms,  what  the  
users  of  the  system  requ i re  i t  to  do  and  the  envi ronment i t  i s  to  be  used  i n .  Care  shou ld  be  
taken  that  th is  i s  as  comprehensive  as  poss ible:  anyth i ng  l eft  ou t  at  th is  stage  can  resu l t  i n  
extra expend i tu re  l ater.  

Factors  that  shou ld  be  cons idered  incl ude  

a)  the  room(s)  and  th ree  d imensional  space(s)  to  be  covered ,  

b)  what  sounds  or aud io  s i gnals  are  to  be  reproduced  and  where  they wi l l  come from  (al l  the  
sources  and  p laces) ,  

c)  whether the  aud io  i n formation  needs  to  be  confi dential  (e. g .  a  cou rt) ,  

d )  known/l ikel y i n terference  from  other  equ ipment (e. g .  power  transformers,  ai r-cond i t i on ing  
equ ipment,  other HLS,  and  some f luorescen t  l i gh t i ng ) ,  

e)  bu i l d ing  construction ,  such  as  structural  steel  work and  metal  i n  wal ls ,  f l oors  and  cei l ings,  
part icu larl y c lose  to  the  l ooped  area,  

f)  any metal  construction  wi th in  the  space  (e. g .  t i ered  seating  or  metal  suspended  cei l ing  
g rids) ,  and  

g )  arch i tectural  cons iderations  or restricti ons  (e. g .  l i s ted  bu i l d i ng  s tatus) .   

7 Choosing  the system  suppl ier  

7.1  General  

Possible  procedures  for acqu i ri ng  an  HLS are  recommended  i n  7. 2 ,  7 . 3  and  7 .4.  The  cho ice  of  
procedure  shou ld  depend  on  the  s i ze  of  the  space  to  be  covered  and  any special  
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compl icati ons  wh ich  m ight  be  invo lved .  Advice  can  be  obtained  from  organ isati ons  that  care  
for people  who  are  deaf  or  have  hearing  impai rment.  

7.2  Approaching  a  contractor 

Particu larl y for a  s imple  HLS,  a  contractor  shou ld  be  asked  to  conduct  an  in i t ial  s i te  survey 
(see  I EC  601 1 8-4) ,  desi gn ,  suppl y and  i nstal l  su i table  equ ipment  and  al l  cabl i ng .  
Responsibi l i ty for choosing  appropriate  equ ipmen t (m icrophones,  ampl i f i er,  mon i tori ng  device,  
etc. )  and  for  i nstal l i ng  and  sett ing  up  the  HLS correctl y shou ld  rest  wi th  the  contractor.   

NOTE  For  a  smal l  HLS,  the  cost  of  a  formal  i n i t i al  su rvey  m igh t  not  be  j usti f i ed ,  bu t  many contractors  wi l l  conduct  
an  i n formal  su rvey as  a  matter of  cou rse.  

7.3  Approaching  a  manufacturer of  HLS equ ipment  

Some manufacturers  of  HLS  equ ipment  and  thei r  l ocal  represen tati ves  are  wi l l i ng  to  produce  
the  s i te  survey for  the  proposed  i nstal l ati on ,  des i gn  a system  and,  perhaps,  recommend  a  
competent  i nstal l at ion  con tractor.  Manufacturers  who  are  unable  to  provide  th is  service  
themselves  m igh t  offer con tact  wi th  appropriate  des igners/i nstal lers  who  can  undertake  such  
proj ects .   

Respons ibi l i ty for choosing  appropriate  equ ipment (m icrophones,  ampl i f i er,  etc. )  and  
comm ission ing  the  system  shou ld  rest  wi th  the  se lected  manufactu rer or  des i gner/i nstal l er.  
The  contractor  shou ld  be  responsible  to  the  manufacturer for the  correct  i nstal lation  of  the  
HLS  and  comm ission ing  (where  th is  i s  also  undertaken) .  

For some HLS,  the  i nstal l ation  con tractor m igh t  cal l  i n  a  manufacturer to  provide  detai led  
techn ical  advice  on  areas  of  u ncertain ty or  particu lar d i ff icu l ty.  On  these  occas ions  the  
con tractual  obl i gations  of  the  i nstal lation  con tractor and  the  manufacturer  to  the  prospecti ve  
purchaser shou ld  be  cl earl y documented ,  preferabl y under  a  s ing le  con tract.  

7.4  Approach ing  a  special i st  consu l tant  

When  i t  i s  appropriate  to  engage  a  special i st  consu l tan t,  th is  shou ld  be  done  at  the  earl iest  
opportun i ty.  The  consu l tant  shou ld  be  responsible  for the  i n i ti al  su rvey,  des i gn  and  
comm ission ing  of  the  HLS,  cho ice  of  equ ipment  and  for he lping  to  assess  instal lers ’  
proposals .  Where  necessary,  the  consu l tan t  shou ld  also  l i aise  wi th  arch i tects  and  construction  
con tractors  on  matters  affecti ng  the  HLS.  Names  of  consu l tants  who  special i ze  i n  th is  work 
can  be  obtained  from  professional  associations.   

NOTE  Such  a  consu l tan t  m i gh t  be  i ndependen t  o r  m i gh t  be  a  competen t  person  employed  by a  manu factu ri ng  or  
con tracti ng  o rgan i zati on .  

8 Contractual  provisions 

8.1  Performance speci fi cation  

The purchase  con tract  shou ld  i ncl ude  an  agreed  performance  speci f i cati on ,  prepared  by the  
system  des igner,  to  wh ich  the  system  i s  con tractual l y requ i red  to  conform  at  the  
comm ission ing  s tage.  Where  the  cho ice  of  equ ipment to  be  used  i s  not  complete l y under the  
con trol  of  the  system  designer ( for example,  i f  some exis t ing  m icrophones  are  to  be  used) ,  
any reservation  abou t  the  su i tabi l i ty of  such  equ ipment  shou ld  be  c learl y explai ned  to  the  
purchaser i n  wri t i ng .  

8.2  Veri fying  that  the  completed  system  del ivers  i ts  in tended  performance  

Tests  of  the  completed  i nstal l ati on  to  veri fy that  the  HLS performs  satis factori l y shou ld  be  
speci f ied  i n  the  con tract  and  shou ld  cover  
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a)  checks  of  the  system  us i ng  a meter des igned  to  measure  f i e ld  streng th  in  conform i ty wi th  
IEC  601 1 8-4,  

b)  subj ecti ve  tests  us i ng  persons  wi th  normal  heari ng  l i s ten ing  th rough  su i table  receiving  
un i ts ,  

c)  subj ecti ve  tests  by hearing  aid  users ,  wi th  thei r  hearing  aids  set  to  T,  and  

d)  provis i on  of  e i ther  f i e ld -streng th  meters  for  use  by trained  staff  or  a  f i xed  mon i tor  receiver.  

I f  the  subj ecti ve  tests  are  conducted  correctl y and  do  not  provide  confi rmation  of  posi t i ve  
i nstrumentation  checks,  the  system  des igner shou ld  be  he ld  responsible  for  i den ti fyi ng  
measures  necessary to  ach ieve  satisfactory resu l ts .  The  con tract  shou ld ,  therefore,  i nclude  
adequate  provis ions  for properl y defi n ing  the  system  des igner’s  responsibi l i ty wi th  regard  to  
the  preparati on  of  any requ i red  remed ial  proposals  and  thei r  implementation .  

NOTE  The  emphasi s  i s  on  sat i sfactory  resu l ts ,  as  determ ined  by the  users  of  the  system ,  rather  than  ach ievi ng  
part i cu lar obj ect i ve  resu l ts  from  techn i cal  tests .  See  I EC  601 1 8-4.  

The system  des igner shou ld  advise  on  methods  of  e l im inati ng  i n terference  by the  HLS wi th  
other nearby e lectron ic  equ ipment,  and  modi f i cati ons  to  the  HLS shou ld  be  agreed  wi th  the  
system  des igner;  i t  i s  advisable  for the  contract  to  speci fy how the  costs  of  such  remed ial  
work are  to  be  apporti oned .  

I t  m igh t  be  impossible  to  pred ict  before  the  HLS i s  i nstal l ed  and  tested  the  need  for speci f i c  
measures  to  e l im inate  i n terference  by the  HLS  wi th  other  nearby e lectron ic  systems  (e. g .  
mu l t iple  g round ing ,  legacy equ ipmen t wi th  i nadequate  immun i ty,  un foreseen  proxim i ty of  l oop  
cabl i ng  to  o ther  cabl ing  – see  1 0. 9) .   

Remed ial  work shou ld  normal l y be  carried  ou t  by the  body having  techn ical  respons ibi l i ty for  
the  appropriate  system  (te lephone  systems,  etc . ) .  

The  tests  i n  C lause  1 4  are  to  determ ine  the  perceived  sound  qual i ty of  the  system  and  i ts  
adequate  freedom  from  noise,  reverberation  and  d is tortion .  They are  not  i n tended  to  
demonstrate  that  the  needs  of  any particu lar heari ng -aid  user are  met.  

8.3  Arbi tration  

I t  i s  recommended  that  provis ion  i s  made  i n  the  con tract  for arbi trat i on  i n  the  even t  that  
problems  arise.  Where  poss ible,  an  arbi tration  body shou ld  be  i denti f ied .  

9 Classi fication  of  systems 

Because  of  the  d i vers i ty of  use  for HLS,  the  fo l l owing  c lassi f icati ons  are  in tended  to  g roup  
s im i lar  appl ications ,  provid ing  m in imum  performance  characteris tics  for each  g roup based  on  
the  i n tended  use;  for  example,  the  perm issible  magnetic  no ise  and  overspi l l  wi th  ad jacent  
coun ter l oops  can  be  cons iderabl y h i gher than  that  of  a  theatre  system  as  the  user i s  on l y i n  
con tact  wi th  the  counter  system  for a  smal l  peri od  of  t ime.  

HLS  shou ld  be  assessed  by a  competent  person  and  ass i gned  one  of  the  fo l l owing  
classi f i cations  for operati on  and  performance.   

a)  Portable  or  hand  he ld  se l f-contained  equ ipmen t.  Th is  equ ipmen t i s  desi gned  for  
mobi le/temporary use  on l y to  assis t  one-to-one  communicati on .  I t  i s  not  i n tended  to  be  
used  on  counters  or  l eft  permanentl y i nstal l ed  i n  a  l ocati on .  I t  shou ld  be  understood  that  
such  systems  have  very l im i ted  performance,  for example  the  coverage  rare l y exceeds  
0 , 5  m  from  the  equ ipmen t or  i ts  m icrophone.  

b)  Smal l  vo lume systems,  for use  i n  coun ters,  s ignage,  i n tercom ,  emergency vo ice  
communicati on  system .  Coverage  i s  requ i red  wi th in  a  smal l  defi ned  vo lume (general l y not  

more  than  2  m  ×  2  m  ×  0 , 5  m ) ,  where  the  user i s  i n  a  f i xed  pos i t i on  and  use  i s  trans i tory,  
for  example  coun ter systems  for a  t i cket  off ice,  recepti on  desk,  he lp  po in ts  or  d isabled  
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refuges.  For counter systems  where  confi dential i ty i s  importan t,  the  des ign  of  the  HLS can  
be  requ i red  to  attenuate  the  magnetic  f i e l d  ou ts ide  a des i gnated  space  (usual l y the  usefu l  
magnetic  f i e ld  vo lume)  to  a  l evel  at  wh ich  speech  cannot  be  understood.  Bu t  i t  i s  not  
necessary for the  magnetic  attenuati on  to  exceed  the  acoustic  attenuati on .  

c)  Perimeter l oop systems,  for coverage  of  a  s ing le  vo lume where  other HLS  are  not  present  
i n  the  vic in i ty and  where  securi ty,  overspi l l  or  overcom ing  s i gn i f i can t  metal  l osses  i s  of  no  
importance,  for  example  church /stone  bu i ld i ng  remote  from  other  bu i ld i ngs  con tain ing  
HLS.   

d )  Mobi le  loop systems,  for  temporary use  as  a perimeter l oop  i n  a  re lat i vely smal l  space,  
where  other HLS are  not  presen t  i n  the  vic i n i ty and  where  securi ty,  overspi l l  or  
overcom ing  s i gn i f i cant  metal  l osses  i s  of  no  importance,  for  example  a system  that  
provides  a  l oop  of  50  m  perimeter.   

e)  Mu l t i - loop systems,  speci f ical l y des i gned  to  contro l  the  hori zontal  and  vertical  f i e ld  
components  for HLS instal l ed  i n  c lose  proxim i ty and/or to  overcome s i gn i f icant  metal  
con ten t,  for  example  classrooms  or c inemas  wi th  mu l t ip le  HLS,  an  aud i tori um  wi th  a  box  
off i ce  HLS i n  same bu i l d ing ,  re in forced  concrete  construction ,  or  an  off i ce  space  wi th  a  
raised  s teel  compu ter f l oor.  The  techn iques  i nvolved  depend  en ti re l y on  the  i nd i vi dual  
appl ication :  from  as  s imple  as  a f i g ure-of-8  l oop,  to  the  use  of  separate  arrays  of  l oops  i n  
con j uncti on  wi th  a  phase  sh i fter or  s im i lar  device.  Consu l tati on  of  a  special i s t  i n  system  
des ign  i s  essen tial  to  ensure  that  the  correct  so lu ti on  i s  appl i ed .  Profess ional  associations  
can  be  approached  for l i s ts  of  such  special i s ts.  

f)  Loop systems  designed  for pu rposes  other than  assisti ve  l i s ten ing  such  as  stage  d i rection  
or observati onal  counsel l i ng .   

g )  Body worn  l oops,  such  as  neck l oops  and  ear-hooks  (also  known  as  s i l houettes) .  

h )  Special i st  l oops  wh ich  fal l  i n to  none  of  the  above  categories,  such  as  systems  for l i f ts  
(e levators) ,  wh ich  general l y requ i re  detai led  des ign  work by a  competent  HLS special ist.   

Table  1  g i ves  the  requ i red  features,  performance  and  ind icati ons  for  d i fferen t  l oop c lasses  
and  covers  the  des i red  and  m in imum  features  o f  some classes;  by thei r  nature  the  other  
classes  have  speci f i c  requ i remen ts  beyond  the  scope  of  th is  document.  

Table  1  – Classes of  l oop system  

Class  Al lowable  
backg round  noise  

Field  
variation  i n  
the  usefu l  

magnetic  fi eld  
volume 

Loop separationa  I nd ications  

dB  (0  dB  =  
400  mA/m)

 
dB  

Portable  o r  hand  hel d  
sel f-con tai ned  
equ i pment  

−32,  

−22  for short  time  
periods  

1 2  2  m  Power  

Smal l  vo l ume system  1 2  Wid th  of  l oop  ×  2  e . g .  
2  m  for  coun ters  us i ng  
1  m  wide  l oop  

Power,  l oop  
cu rren t,  i npu t  s i gnal  
presen t  o r 
au tomati c  gai n  
con trol  act i ve  Perimeter l oop systems  −32,  

−22  for short  time  
periods  

( for  cri t i cal  
l i s ten i ng  systems,  
for  example  
aud i tori a,  as  cl ose  
as  poss ible  to  –47)  

6  Wid th  of  l oop  ×  2  e . g .  
1 0  m  for  5  m  wide  
l oop  Mobi l e  l oop systems 

Mu l t i - l oop systems As  speci f i ed  by the  
des i gner  

Body worn  l oop systems  Not  appl i cable  Not  appl i cable  Power  

Special i s t  l oops  As  speci f i ed  by the  des i gner  

a  Separati on  between  two  ad jacen t  l oops  i n  the  pl ane  of  the  l oops  to  m in im i ze  the  pi ck-up  of  s i gnal s  from  one  
l oop  by a  heari ng -ai d  user  us i ng  the  other l oop.  Where  l oops  are  i nstal l ed  i n  rooms  one  above  the  other,  the  
s i tuati on  i s  more  complex and  requ i res  special i s t  knowledge  to  m in im i ze  i n terference.  
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1 0  Design  

1 0. 1  General  

Many successfu l  HLS designs  have  been  produced  bu t  because  of  the  pro l i feration  of  l ess -
than-satisfactory design  methods  and  general  uncertain ty,  an  i n -depth  treatment  of  veri f i ed  
des ign  procedures  i s  g i ven  here.  Detai led  deri vations  of  the  des ign  formu las,  and  fu rther  
i n formation ,  are  g i ven  i n  1 0 . 4  and  Annex C.  

Al l  values  of  al ternati ng  vo l tage,  cu rren t  and  magnetic  f ie l d  streng th  are  RMS values  un less  
otherwise  s tated .  

An  HLS  shou ld  be  des igned  to  provide  the  fo l l owing .  

a)  A su ff ic i en tl y (bu t  not  excess ivel y)  s trong ,  and  un i form  (usefu l )  componen t  of  magnetic  
f ie ld  wi th in  the  requ i red  working  area,  wi thou t  producing  an  unacceptabl y extended  
coverage  area wh ich  cou ld  cause  i n terference  wi th  other systems  or comprom ise  
conf idential i ty.  

b)  Usual l y,  the  plane  of  the  loop i s  hori zon tal  and  on l y the  vertical  componen t  of  the  
magnetic  f ie ld  i s  effecti ve.  I f  some of  the  heari ng  aid  users  are  l yi ng  down ,  such  as  i n  
hospi tal ,  the  loop plane  shou ld  not  be  hori zon tal .  A special  l oop system  cou ld  al ternati ve l y 
be  i nstal led .  I n  general ,  the  component  of  the  magnetic  f i e ld  paral l e l  to  the  axis  of  the  
magnetic  p ick-up  co i l  i n  the  heari ng  ai d  i s  the  effecti ve  componen t.  

c)  The  magnetic  f i e ld  s treng th  i n  i tem  a)  over the  frequency range  1 00  Hz  to  5  kHz (see  
IEC 601 1 8-4)  wi th  acceptable  un i form i ty and  amount  of  non- l i neari ty d istort i on .  

Normal l y,  the  system  shou ld  be  des igned  to  have  an  overal l  frequency response  
(measured  as  magnetic  f i e l d  streng th )  wh ich  i s  –3  dB  at  1 00  Hz  and  5  kHz  re lat i ve  to  the  
value  at  1  kHz,  and  i s  as  f lat  as  practicable  between  these  frequencies .  

The  factors  relevant  to  i tem  a)  are  the  d imens ions  of  the  loop,  the  number of  tu rns  and  the  
curren t  f lowing  i n  i t ,  and  the  perpend icu lar d is tance  between  the  loop and  the  l i s ten ing  plane.  
Apart  from  the  characteri stics  of  the  m icrophones  or other s ig nal  sources  and  the  ampl i f ier(s) ,  
the  major factor re levan t  to  i tem  b)  i s  the  effect  o f  the  impedance/frequency characterist ic  of  
the  l oop on  the  variation  wi th  frequency of  the  cu rrent  f l owing  i n  i t.  Th is  document cons iders  
several  ways  of  ach ieving  a  su ffi c ien tl y l ow variat ion  wi th  frequency.  

1 0.2  Symbols  

For the  purposes  of  th is  documen t,  the  fo l l owing  symbols  appl y.  

A l eng th  of  the  s i de  of  a  square  loop or  of  the  shorter  s ide  of  a  rectangu lar l oop,  
expressed  i n  metres  (m )  

B l eng th  of  the  l onger  s ide  of  a  rectangu lar  l oop,  expressed  i n  metres  (m )  

D l eng th  of  the  d iagonal  of  a  l oop,  expressed  i n  metres  (m )  

d d iameter of  the  l oop  conductor,  expressed  i n  metres  (m )  

fc  frequency of  the  upper  l im i t  of  the  l oop  pass  band ,  expressed  i n  hertz  (Hz)  

H RMS magnetic  f i e l d  s treng th ,  expressed  i n  amperes  per metre  (A/m )  

Ho  RMS magnetic  f i e ld  s treng th  at  the  cen tre  of  the  l oop and  i n  i ts  plane,  expressed  i n  
amperes  per metre  (A/m )  

Hoz  perpend icu lar  component  of  the  RMS magnetic  f i e ld  streng th  at  a  po i n t,  d is tance  z from  
the  p lane  of  the  l oop along  the  perpend icu lar th rough  the  cen tre  of  the  l oop,  expressed  
i n  amperes  per metre  (A/m )  

h heigh t  of  the  te leco i l  above  or below the  plane  of  the  loop,  expressed  in  metres  (m )  

NOTE  The  usual  case  where  the  pl ane  of  the  l oop i s  h ori zon tal  i s  assumed.  

hn  heigh t  rat io ,  2h/J(AB)  for  a  rectangu lar l oop  
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I RMS curren t  i n  the  l oop  conductor,  expressed  in  amperes  (A)  

K d i rect  to  reverberan t  sound  pressure  l evel  rat i o,  expressed  i n  decibels  ( dB)  

L i nductance  of  the  loop,  expressed  i n  henrys  (H )   

n number of  tu rns  i n  the  l oop   

R resistance  of the  l oop,  expressed  i n  ohms  (Ω)   

rn  res istance  ratio  (R/ωcL)  

V RMS vo l tage  between  the  ends  of  the  loop  conductor,  expressed  i n  vo l ts  (V)  

Z impedance,  expressed  in  ohms  (Ω)  

α  temperature  coefficient  o f  the  res isti vi ty of  copper (wi re) ,  3 , 93  x  1 0 -3  K- 1  

γ aspect  rati o  =  B/A  

θ  temperature,  expressed  i n  degrees  Cels i us  ( °C)  

µ0  magnetic  permeabi l i ty of  space,  expressed  i n  m icrohenrys  per metre  (0 , 4  µH/m)  

ρ0  res ist i vi ty of  copper  (wi re)  at  0  °C,  expressed  i n  nano-ohm  metres  ( 1 6, 5  nΩ∙m)  

ωc  angu lar  frequency of  the  upper l im i t  of  the  loop pass  band ,  expressed  i n  rad ians  per  
second  (rad/s)  

1 0.3  Basic  theory 

1 0.3. 1  Production  of  a  magnetic  fi eld  

Current  f lowing  i n  a  conductor i n  the  form  of  a  l oop produces  a  magneti c  f ie ld  i n  the  space  
i ns ide  and  su rround ing  the  loop.  A pictorial  represen tation  of  th is  f i e ld ,  i n  the  form  of  " l i nes  of  
force",  i s  shown  i n  Fi gure  5 .   

 

Figure 5  – Pictorial  view of  the  magnetic  f ield  (l ines of  force)  
of  a  rectangular loop  

The l oop has  an  impedance  wh ich  can  be  represen ted  by a res is tance  and  an  i nductance  i n  
series .  For a  s i ng le  tu rn ,  rectangu lar l oop,  us ing  a sol i d  (not  s tranded)  conductor,  the  
fo l l owing  formu las  appl y.  

The  value  of  the  current  ( i n  A)  i s  g i ven  by:  
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The  val ue  of  the  res istance  ( i n  Ω)  i s  g iven  by:  
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The  val ue  of  the  i nductance  ( i n  H )  i s  g iven  by:   
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These  formu las  are  deri ved  in  C lauses  C. 1  to  C. 3.  I n  most  cases,  an  actual  l oop  can  be  
represented  wi th  su ffi ci en t  accuracy by a  p lane  rectangu lar  loop of  the  same overal l  
d imens ions.  Deviat ions  from  the  plane  (such  as  m igh t  be  needed  to  negotiate  doorways)  
i ncrease  the  i nductance  by approximatel y hal f  as  much  as  wou ld  be  expected  from  the  
i ncreased  leng th ,  bu t  have  fu l l  effect  on  the  res istance.  I f  the  loop shape  i s  approximatel y 
ci rcu lar,  or  more  complex ( for  example  cruci form ) ,  the  methods  i nd icated  by Dalsgaard  [1 ] 1 ,  
by Grover  [2 ]  and  i n  C. 1  to  C .2  can  be  used  to  calcu late  the  cu rren t  requ i red  for a  g i ven  f ie l d  
streng th ,  res is tance  and  i nductance.  

Wh i le  the  values  calcu lated  wi th  Formu las  ( 1 )  to  (3)  (or wi th  the  s impl i f i ed  versions,  
Formu las  (7) ,  (8)  and  (9) )  are  normal l y i n  c l ose  accordance  wi th  measured  values,  the  
res istance  and  i nductance  of  both  tri al  l oops  and  i nstal led  l oops  shou ld  be  measured .  
Unpred icted  effects ,  such  as  those  due  to  conducti ng  and/or magnetic  materials  or  caused  by 
work harden ing  due  to  f lexure  of  the  l oop conductor,  m ight  make the  measured  values  
s i gn i f icantl y d i fferent  from  those  calcu lated.  The  measurement m igh t  requ i re  the  use  of  a  
bridge  special l y des i gned  for measuri ng  l ow values  of  i nductance  wi th  h i gh  res is ti ve  l osses.  A 
measuring  frequency of  5  kHz or even  1 0  kHz helps  to  avoid  errors .  I t  i s  essen tial  that  the  
series  equ i valen t  i nductance  and  res is tance  are  measured  or calcu lated ,  not  the  parallel 
equ i valen t.  

1 0.3.2  Di rectional  pattern  of  the magnetic  f ield  

The  magnetic  f i e ld  vari es  i n  both  streng th  and  d i recti on  wi th i n  and  ou ts i de  the  l oop.  At  the  
cen tre  of  the  l oop,  the  f i e l d  s treng th  i s  at  i ts  l owest  value  wi th in  the  loop,  and  i s  d i rected  
perpend icu lar  to  the  plane  of  the  l oop.  

I n  most  hearing  aids,  the  axis  of  the  telecoi l  i s  approximatel y vertical  when  the  user i s  
stand ing  (or s i tt i ng ) .  The  ou tpu t  vo l tage  of  the  te lecoi l  i s  therefore  proport ional  to  the  vert ical  
component  of  the  magnetic  f i e l d :  

V =  kHcosϕ  

where  

ϕ   i s  the  ang le  between  the  d i rection  of  the  magnetic  f ie l d  and  the  axis  of  the  te lecoi l ;  

k  i s  a  constant.  

The  resu l ti ng  d i rectional  response  of  the  te lecoi l  i s  shown  i n  F i gu re  6.  I t  shou ld  be  noted  that  
the  response  i s  reduced  by on l y 3  dB  at  Î  =  45°  and  by 6  dB  at  Î  = 60° .  I f  the  axis  of  the  
te leco i l  i s  nearl y perpend icu lar to  the  d i rection  of  the  magnetic  f ie ld ,  the  response  i s  g reatl y 
reduced.  Th is  occurs,  for  example,  i f  the  te lecoi l  i s  nearl y vert ical l y above  or  below the  
conductor or  a  hori zon tal  l oop,  where  the  d i recti on  of  the  magnetic  f i e l d  i s  hori zon tal .  There  i s  
evidence  that  i n  some hearing  ai ds  the  d i rectional i ty of  the  response  of  the  te lecoi l  i s  g reater  

____________ 

1   Numbers  i n  square  brackets  re fer to  the  B i bl i og raphy.  
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than  pred icted  above,  probabl y due  to  the  presence  of  metal  near the  co i l .  I t  i s  therefore  
des i rable  that  the  plane  of  the  loop shou ld  be  hori zon tal ,  or  nearl y so,  i f  the  coverage  area 
has  a hori zon tal  f loor and  the  hearing  aid  users  are  s tand ing  or  s i tt i ng .  

  

a)  Plotted  on  a  l i near ampl i tude axis  b)  Plotted  wi th  ampl i tude i n  decibels  
( logari thmic  axis)  

Figure 6  – Di rectional  response of  a  hearing  aid  telecoi l  

The  average  hei gh t  of  the  telecoi l  above  the  f l oor  can  be  taken  as  1 , 4  m  when  the  heari ng  ai d  
users  can  be  s tand ing  or s i tt ing .  For smal l  l oops  (where  the  height  affects  the  performance  
more  s ign i f icantl y) ,  and /or where  the  users  can  be  in  o ther atti tudes  (such  as  l yi ng  in  hospi tal  
beds) ,  a  c loser estimate  of  the  actual  average  he igh t  i s  requ i red.  I n  the  latter case,  the  plane  
of  the  l oop (or,  perhaps,  of  part  of  the  l oop)  shou ld  cl earl y not  be  hori zon tal .  

The  variat ion  of  the  magnetic  f i e l d  streng th  i s  qu i te  l arge  i n  the  plane  of  the  l oop.  I n  part icu lar,  
the  s treng th  becomes  very g reat  c l ose  to  the  l oop  conductor,  and  th is  can  cause  d istu rbance  
to  heari ng  ai d  users.  A more  un i form  f ie ld  s treng th ,  both  i n  terms  of  the  total  f i e ld  and  of  the  
perpend icu lar  component,  i s  obtained  above  or  be low the  p lane  of  the  l oop  (see  F i gure  7) .  

IEC  
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NOTE  The  fu l l  l i ne  shows  the  perpend icu l ar component  and  the  dashed  l i ne  shows  the  copl anar componen t  of  the  
f i e l d .  

Figure 7  – Variat ion  of  the strength  of  the perpend icu lar component  of  the  magnetic  
field  across  an  axis  of  a  rectangular loop,  wi th  l i sten ing  heigh t  as  parameter  

Care  shou ld  be  taken  to  d ist i ngu ish  between  the  total  f i e l d  s treng th  and  i ts  coplanar and  
perpend icu lar (normal l y hori zon tal  and  vertical )  components ,  s i nce  thei r  variat ions  wi th i n  and  
ou ts ide  of  the  l oop  are  qu i te  d i fferent  (see  Fi gure  7,  F igure  8  and  Fi gure  9 ) .  

NOTE  1  I n  the  plane  of  the  l oop,  the  d i recti on  of  the  magneti c  f i e l d  i s  perpend icu l ar to  the  p lane.  

NOTE  2  I n  the  areas  A immediatel y  su rround ing  each  conductor,  the  l i nes  of  force  con ti nue  to  crowd  together,  
represen ti ng  a  s tronger f i e l d .  
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NOTE  3  At  certai n  poi n ts ,  above  and  bel ow each  conductor,  the  d i rect i on  of  the  magneti c  f i e l d  i s  paral l e l  to  the  
plane  of  the  l oop.  Normal l y,  at  these  poi n ts ,  a  heari ng  ai d  produces  no  ou tpu t.  For normal  l i s ten i ng  hei gh ts ,  the  
poi n ts  are  ou ts i de  the  perimeter of  the  l oop.  

 

NOTE  The  fu l l  l i ne  shows  the  perpend icu l ar component  and  the  dashed  l i ne  shows  the  copl anar componen t  of  the  
f i e l d .  

Figure 8  – Variation  across the  median  of  a  square  l oop  of  the  perpendicu lar and  
coplanar components  of  the magnetic  f ield  at  a  height  rat io  hn  =  1  

 

Figure 9  – Variation  across the  d iagonal  of  a  square loop  of  the perpendicu lar and  
coplanar components  of  the magnetic  f ield  at  a  height  rat io  hn  =  1  
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1 0.3.3  Uni formity of  the  magnetic  fi eld  strength   

The problem  of  d istu rbance  of  heari ng  aid  users  due  to  the  h i gh  f i e ld  s treng th  near the  l oop  
conductor cou ld  occur i f  the  l oop  were  at  head-height  (or  chest-he igh t,  for  body-worn  aid  
users)  for  e i ther seated  or s tand ing  l i s teners,  and  where  the  l i steners  cou ld  approach  the  l oop  
conductor c lose l y.  Th is  shou ld  be  avo ided  by i nstal l i ng  the  l oop ei ther at  or  be low f l oor l evel  
or  wel l  above  head-height,  thus  g i vi ng  an  even  more  un i form  f ie ld  than  i s  ach ieved  wi th  the  
l oop nearer the  l i s ten ing  plane,  bu t  requ i ring  more  curren t  i n  the  l oop for the  same f ie ld  
streng th  at  the  l i sten ing  pos i t i on .  

I t  can  be  shown  (see  C lause  C. 1 )  that  a  he igh t  rat i o  hn  ( termed  "re lati ve  l i s ten ing  he igh t"  by 
Dalsgaard)  of  0 , 1 4  g i ves  reasonable  un i form i ty,  for  al l  l i kel y values  of  aspect  ratio  of  the  l oop,  
bu t  the  resu l t i ng  d istance  from  the  p lane  of  the  l oop to  the  l i s ten ing  plane  m igh t  be  too  large  
to  be  practicable  i f  the  l oop i s  l arge  ( for  example  3, 7  m  for a  square  l oop of  50  m  s ide) .  I n  
such  a  case,  a  su i table  mu l t iple  l oop  layou t  can  be  used .  Th is  can  reduce  the  actual  l i s ten ing  
hei ght  requ i red ,  for  a  g i ven  degree  of  u n i form i ty,  to  that  requ i red  for each  sub- loop considered  
separatel y.  

The  separati on  of  the  l i s ten ing  plane  from  the  l oop p lane  reduces  the  f i e ld  s treng th  at  al l  
po i n ts  of  the  l i sten ing  plane.  At  the  centre  of  the  projection  of  the  l oop  on  to  the  l i sten ing  
plane,  i . e.  at  the  l oop reference  po in t,  the  reduced  f i e ld  streng th  H0z ,  for  a  square  loop,  i s  
g i ven  by the  fo l lowing  formu la:  

 
( ) ( )

2

21
2

n
2

n

z0

0 hh

H

H ++
=  (4)  

The  derivations  of  th is  formu la and  of  the  analogous  expression  for  a  rectangu lar loop of  

aspect  ratio  γ  are  g i ven  i n  C lause  C. 2 ,  and  values  of  H0/H0z  wi th  γ  as  parameter  are  g i ven  i n   
Table  C . 1 .  The  f ie l d  streng th  due  to  a square  l oop fal ls  off  more  s lowly wi th  d is tance  than  that  
of  a  rectangu lar  l oop.  For he i gh t  rat i os  up  to  0 , 2  and  aspect  rat ios  up  to  3 , 5,  the  reduction  
does  not  exceed  1  dB.  I t  i s  practicable,  i n  th is  case,  to  desi gn  on  the  bas is  of  H0  and  to  appl y 
the  appropriate  correcti on  du ring  f i nal  ad j ustment,  provided  the  ampl i f i er  has  at  l east  1  dB  of  
reserve.  

However,  for  l arge  values  of  hn ,  the  correction  becomes  l arge,  and  shou ld  be  taken  i n to  
account  at  an  earl y stage  i n  des ign .  A l arge  hn  usual l y occurs  when  the  l oop i s  smal l ,  as  i n  
household  i nstal l ati ons.  For example,  a  5  m  square  l oop at  f l oor l evel  works  wi th  hn  between  
0, 4  and  0 , 6,  for  seated  and  stand ing  l i s teners  respecti vel y,  us i ng  head-worn  aids,  wh i le  for a  
l oop at  ce i l i ng  he i gh t,  for  example  2 ,4  m ,  the  correspond ing  values  are  0, 56  and  0 , 36.  These  
values  imply that  to  ach ieve  at  the  reference  po in t  the  f i e ld  streng th  calcu lated  for the  centre  
of  the  l oop,  an  i ncrease  i n  loop curren t,  calcu lated  from  Formu la (4) ,  of  1 5  % to  50  % i s  
requ i red .  I t  shou ld  also  be  noted  that,  when  a  seated  l i s tener us ing  a  head-worn  ai d  stands  
up,  the  f i e l d  streng th  at  the  te lecoi l  changes  by abou t  1 , 8  dB  for the  f l oor- l evel  l oop and  about  
1 , 7  dB  for the  ce i l i ng - l evel  l oop.  

1 0.3.4  Reference points  for  magnetic  fi eld  strength   

Because  the  magnetic  f i e ld  s treng th  varies  from  poin t  to  po in t,  i t  i s  necessary to  defi ne  at  
l east  one  po in t  where  the  system  speci f i cati on  shou ld  be  veri f i ed .  I t  shou ld  be  noted  that  
there  can  be  more  than  one  l i s ten ing  plane,  for  example  i f  the  working  area i ncludes  seati ng  
at  d i fferen t  l evels ,  bu t  there  can  be  on l y one  HLS reference  p lane.  I t  i s  also  necessary to  
def ine  the  perm issi ble  variation  of  magnetic  f i e ld  streng th  wi th in  the  working  area.  Th is  
variation  shou ld  be  kept  to  a  m in imum  by a su i table  choice  of  l i s ten ing  hei gh t,  use  of  mu l t i ple  
l oops,  etc.  However,  i n  practice,  l im i tations  on  the  s i t i ng  of  the  loop  conductor,  the  presence  
of  metal  i n  the  bu i l d i ng  and  the  poss ible  need,  i n  order to  avoid  overspi l l ,  to  use  mu l t i ple  or  
other l oop  conf igurati ons  wh ich  produce  nu l l s  i n  the  usefu l  componen t  of  the  magnetic  f i e ld  
often  mean  that  variations  of  the  order of  approximatel y ±6  dB  re lat i ve  to  the  f i e ld  s treng th  at  
the  reference  po in t  have  to  be  accepted.  I n  determ in i ng  conform i ty to  the  speci f ied  value,  
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nu l l s  shou ld  be  i gnored ,  and  the i r  acceptabi l i ty separatel y assessed.  At  presen t,  th is  can  be  
j udged  on l y subjecti ve l y.  

I n  general ,  i nadequate  s i gnal - to-noise  rat io  i s  even  l ess  acceptable  than  variati ons  i n  f i e l d  
streng th ,  so  any necessary comprom ise  shou ld  favour  improvement  i n  the  former.  

1 0.3.5  Relationsh ip  between  the requ i rements  of  IEC 601 1 8-4  and  the  characteristi cs  
of  hearing  aids  and  speech  signals  

For med ical  and  other reasons,  for  example  des ign  constrain ts ,  the  characteris tics  of  heari ng  
aids  wh ich  are  of  i n terest  for  HLS des ign  purposes  exh ibi t  qu i te  wide  variat ions.  The  most  
important  of  these  characteris tics  are  the  " f i e ld- to-ai r  sens i t i vi ty"  wh ich  i s  the  sound  pressure  
l evel  produced  for a  g i ven  magnetic  f i e l d  streng th  at  a  speci f i ed  frequency,  and  the  " f i e ld - to-
ai r  frequency response".  Use  of  IEC  601 1 8-4  i s  i n tended  to  make i t  u nnecessary for  the  HLS  
des igner to  know these  characteris tics  of  heari ng  aids,  by speci fyi ng  that  the  magnetic  f i e ld  
streng th  l evel  0  dB  at  a  reference  frequency of  1  kHz i s  400  mA/m ,  and  l im i ts  for i ts  variat ion  
wi th  frequency.  However,  there  are  i nd ications  that  the  des igner shou ld ,  i n  order to  avoi d  
over-s impl i f i cati on ,  be  aware  of  the  re levant  characteris tics  of  hearing  ai ds  i n  some depth .  

The  sound  pressure  l evel  presen ted  to  the  heari ng  aid  user shou ld  c learl y be  the  same,  
whether the  s i gnal  i s  received  by the  m icrophone  or the  te lecoi l .  However,  the  m icrophone  
s i gnal  varies  i n  s treng th  wi th  the  d istance  from  the  ori g i nal  source  of  sound,  whereas  the  HLS  
s i gnal  streng th  i s  constan t  at  a  g i ven  po in t.  I t  seems  reasonable  to  ad just  the  f ie ld- to-ai r  
sens i t i vi ty of  the  heari ng  aid  so  that  no  g reat  ad j ustment of  the  gain  contro l  of  the  ai d  (wh ich  
normal l y affects  the  gain  from  both  sources  equal l y)  i s  requ i red  when  swi tch ing  the  aid  from  
m icrophone  (M)  operati on ,  where  the  gain  contro l  i s  usual l y set  for  normal  conversati on ,  to  
te lecoi l  (T)  operati on .  I EC  601 1 8-4  impl i es  that  th is  i s  ach ieved  i f  a  f i e l d  streng th  of  0 , 1  A/m  
produces  the  same ou tpu t  from  the  hearing  aid  as  a  sound  pressure  level  of  70  dB  (20  µPa) .   

The  hearing  aid  user  shou ld  also  be  presented  wi th  sound  of  the  same spectral  d i stri bu t ion  
( frequency response)  whether the  s i gnal  i s  received  by the  m icrophone  or by the  te lecoi l .  The  
characteris tics  of  the  heari ng  ai d  ampl i f ier  and  earphone  are  common  to  both  modes  of  
operati on  and  can  therefore  be  el im inated  from  consideration ,  except  for the  l oad ing  effect  of  
the  ampl i f i er  on  the  teleco i l  frequency response.  I t  remains,  therefore,  to  cons ider the  
frequency response  characterist ics  of  the  m icrophone  and  telecoi l .  The  frequency response  of  
the  heari ng  aid  from  m icrophone  to  earphone  i s  known  as  the  "ai r- to-ai r  response" .  The  
characteris tics  of  hearing  ai d  m icrophones  vary cons iderabl y,  main l y for  des i gn  reasons:  al l  
that  can  be  said  i s  that  there  i s  usual l y a  fal l i ng  response  be low 1  kHz,  and  one  or  more  
peaks  i n  the  3  kHz range,  before  a  steep  fal l  at  h i gher  frequencies .  

I f  the  te lecoi l  i n  the  heari ng  aid  had  neg l i g ib le  l osses  and  operated  i n to  a h igh- impedance  
l oad,  i t  wou ld  produce  an  ou tpu t  vo l tage  proport ional  to  frequency,  i . e.  r i s i ng  at  6  dB/octave.  
However,  the  f i e ld - to-ai r  response  can  be  made  s im i lar  to  the  ai r- to-ai r  response  for  most  
heari ng  aids  i f  the  magnetic  f i e l d  streng th  i s  wi th in  ±3  dB  of  the  value  at  1  kHz  over the  
frequency range  1 00  Hz  to  5  kHz,  i n  accordance  wi th  I EC  601 1 8-4.  

I n  practice,  i t  i s  usual  to  ad just  the  curren t  i n  the  loop,  and  hence  the  f i e ld  s treng th ,  to  be   
–3  dB  at  approximatel y 1 00  Hz  and  5  kHz (reference  1  kHz) ,  the  l atter,  i n  some cases,  be i ng  
d ictated  by des ign  constrain ts  and/or e l ectromagnetic  compatib i l i ty (EMC)  cons iderati ons.  
Further equal i zation  of  the  overal l  frequency response  m ight  be  des i rable,  for  example  to  
compensate  for the  l ow frequency response  of  the  HLS m icrophone(s)  (wh ich  can  be  r is i ng  or  
fal l i ng ,  depend ing  on  the  d istance  of  the  sound  source  from  the  m icrophone)  and/or for  peaks 
i n  the  h i gh  frequency response.  
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1 0.3.6  Impedance of  the loop  

The impedance  of  the  loop can  be  accuratel y represen ted  by a res is tance  and  an  i nductance  
i n  seri es,  the  values  being  g i ven  by Formu las  (2)  and  (3)  respectivel y.  Formu la (2)  i ncludes  a 
temperature-dependent  term ,  because  external  sources  of  heat,  such  as  cen tral  heating  
p ipes,  or  the  cu rren t  f l owing  i n  the  l oop conductor,  m ight  raise  i ts  temperature,  and  therefore  
i ts  resistance,  s ign i f i cantly.  

The  cu rren t  rat i ngs  of  wi res  su i table  for  l oop  conductors  shou ld  be  determ ined  from  re levant  
I EC or nati onal  s tandards.  See  also  C lause  C.2 .  The  value  of  current  used  to  determ ine  the  
requ i red  cu rrent  rat i ng  shou ld  be  the  largest  curren t  that  can  f l ow continuous l y,  taking  fau l t  
cond i t i ons  i n to  accoun t.  I f  no  special  provis i ons  are  made,  th is  i s  the  curren t  requ i red  to  
accommodate  prog ramme peaks,  i . e .  at  l east  1 2  dB  above  the  long- term  average value,  
because  under fau l t  cond i t ions,  for  example  an  open-ci rcu i t  m icrophone  l i ne,  th is  current  
cou ld  f l ow conti nuous l y.  However,  th is  cri terion  demands  the  use  of  a  much  larger conductor  
than  that  requ i red  to  carry the  l ong - term  average  curren t,  and  th is  can  resu l t  i n  a  value  of  l oop 
res istance  wh ich ,  for  some des ign  procedures,  i s  undesi rabl y l ow.  I t  m ig h t  be  preferable  to  
provide  au tomatic  cu rren t  l im i t i ng ,  so  that  curren ts  h i gher  than  the  long -term  average  can  f l ow 
on l y for peri ods  in  the  order  of  tens  of  seconds.  I n  th is  way,  programme peaks  are  
accommodated  bu t  serious  overheating  of  the  loop conductor  i s  prevented.  

The  i nductance  i s  c lose ly determ ined  by the  d imens ions  of  the  l oop;  very l i tt l e  change can  be  
made  by al teri ng  the  conductor d iameter.  I n  fact,  Formu la (3)  can  be  s impl i f ied  (see  
Clause  C. 3)  for  nearl y al l  practical  cases  of  s ing le  tu rn  l oops  to:  

 L =  3 , 2  (A +  B)  (5)  

where  L i s  expressed  i n  m icrohenrys.  

The  cu rren t  necessary to  provide  the  requ i red  magnetic  f i e ld  s treng th  and  the  impedance  of  
the  loop at  the  upper band- l im i t  frequency (normal l y 5  kHz)  determ ine  the  ou tpu t  capabi l i ty  
requ i red  of  the  ampl i f ier.  I t  shou ld  be  noted  that  the  " rated  ou tpu t  power"  of  the  ampl i f i er  i s  
not  a  very usefu l  characteris tic  i n  th is  con text.  I t  i s  necessary for the  ampl i f i er,  wi thou t  
producing  an  unacceptable  amount  of  d istorti on ,  to  be  able  to  perform  the  fo l l owing :  

a)  suppl y the  requ i red  cu rren t;   

b)  produce  enough  vo l tage  to  dri ve  21  t imes  that  cu rren t  th rough  the  impedance  of  the  

l oop at  an  upper l im i t  frequency wh ich  i s  l ower than  5  kHz because  the  spectral  l eve ls  of  
speech  and  music  s i gnals  decl ine  above  abou t  1 , 6  kHz.  

The  anal ys is  so  far  makes  no  assumptions  abou t  the  value  of  the  impedance  of  the  loop at  
the  upper l im i t  frequency,  re lati ve  to  the  value  at  l ower frequencies.  The  value  of  the  ampl i f ier  
cu rren t  i s  f i xed  by the  s i ze  of  the  l oop.  The value  of  the  vo l tage  depends  on  the  impedance,  
wh ich  i n  tu rn  depends  on  the  i nductance  and  res is tance.  However,  for  practical  purposes,  the  
i nductance  i s  also  f i xed  by the  s i ze  of  the  l oop;  on l y the  res istance  i s  under the  con trol  of  the  
des igner,  who  can  choose  the  d iameter (and  perhaps  the  material )  of  the  l oop conductor.  
Normal l y,  i t  i s  kept  low,  so  as  to  keep  the  requ i red  vo l tage  as  l ow as  poss ible.  

The  impedance/frequency characteristics  of  l oops  wi th  the  same i nductance  bu t  d i fferen t  
values  of  res istance  are  shown  i n  Fi gure  1 0 ,  where  the  res is tance  values  are  normal i zed  to  
the  i nducti ve  reactance  at  the  upper band  l im i t  frequency.  I t  can  be  seen  that  decreasing  the  
res istance  from  a normal i zed  value  of  1  to  0  reduces  the  value  of  the  ampl i f ier  vol tage  by a 

factor  of  on l y 2 .  

NOTE  A res i stance  or  impedance  i s  normal i zed  to  the  i n ducti ve  reactance  at  a  g i ven  f requency by d i vi d i ng  the  
val ue  of  res i s tance  or  impedance  by the  value  of  the  reactance  at  that  frequency.  
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NOTE  The  impedance  axi s  i s  g raduated  i n  decibel s  to  s impl i fy  the  use  of  the  cu rves  for  determ in i ng  cu rren t  and  
vo l tage  l evel s .  

Figure 1 0  – Variation  wi th  frequency of  the  l ogari thm  of  the impedance of  l oops of  
constant  inductance L,  wi th  the  loop  resistance R as  parameter  

1 0.3.7  Selection  of  the method  of  driving  the loop  

Al though  two  techn iques  are  known,  termed  "curren t  dri ve"  and  "vo l tage  d ri ve",  the  common  
requ i rement i s  that  the  curren t  i n  the  l oop conductor i s  i ndependen t  of  frequency wi th in  l im i ts  
of  ±3  dB,  at  l east  over the  frequency range  of  1 00  Hz  to  5  kHz.  

Un less  a h igh  l evel  of  techn ical  knowledge  and  ski l l  i s  avai lable,  a  curren t-drive  ampl i f i er  
shou ld  be  se lected ,  special l y made  for HLS  use,  i nclud ing  s i gnal -presence  mon i tori ng ,  
au tomatic  gain  con trol  and/or compress ion  and/or l im i t ing ,  and  the  manufacturer's  i nstructi ons  
shou ld  be  fo l l owed  concern ing  the  se lection  of  a  su i table  conductor for  the  l oop  and  o ther  
matters  of  des ign .  A copy of  the  manufacturer's  i nstructi ons  shou ld  be  exam ined  before  the  
comm itment  to  purchase  i s  made,  s i nce  the i r  qual i ty and  i n te l l i g i bi l i ty varies  considerabl y.  

1 0.3.8  Current-driven  l oop  

The use  of  an  ampl i f i er  wi th  a h i gh  ou tpu t  source  impedance,  i . e .  a  "curren t-dri ve  ampl i f i er" ,  
s impl i f i es  the  se lection  of  a  su i table  l oop conductor.  The  ampl i f ier  "power"  requ i rement  i s  
m in im ized  by us ing  a l oop  conductor su ff ic ientl y th ick to  make the  resistance  neg l i g ible  
compared  wi th  the  i nducti ve  reactance  at  the  upper band - l im i t  frequency.  I n  pri nciple ,  the  
demands  on  the  ampl i f i er  are  fu rther reduced  i f  the  conductor i s  made  larger s t i l l ,  bu t  the  
practical  effect  i s  usual l y neg l ig ib le .  

Under these  cond i t i ons,  i t  i s  necessary to  determ ine  on l y that  the  ampl i f ier  can  suppl y the  
curren t  ( i n  amperes)  calcu lated  from  Formu la (1 ) ,  i . e .  I = πABH0/2D,  and  that  i t  can  suppl y 

enough  vo l tage  to  dri ve  21  t imes  that  cu rrent  th rough  the  impedance  of  the  l oop  at  the  

upper band  l im i t  frequency.  
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The  value  of  V ( i n  V)  i s  g i ven  by:  

V =  √2πfcLI  

i f  the  l oop  res is tance  i s  neg l i g ible.  

The  h igh  ou tpu t  impedance  of  the  cu rren t-dri ve  ampl i f ier  i s  obtained  by appl yi ng  negative  
feedback proporti onal  to  the  ou tpu t  curren t.  I n  some cases,  th is  i s  ach ieved  i n  such  a way that  
ne i ther of  the  ou tpu t  term inals  i s  connected  to  the  common  retu rn  (earth ) .  I n  such  a case,  i t  i s  
essen tial  that  the  l oop  conductor i s  not  al l owed  to  come i n to  electrical  contact  wi th  earthed  
metalwork.  Manu factu rers  us ing  th is  techn ique  shou ld  cons ider the  effects  wh ich  wou ld  occur  
i n  the  ampl i f ier  i f  the  mains  suppl y was  i nadverten tl y connected  to  the  loop conductor.  

S ince  the  h i gh  ou tpu t  impedance  of  the  curren t-dri ve  ampl i f i er,  or  the  defi ned  ou tpu t  
impedance  of  the  i n termed iate-dri ve  ampl i f i er,  i s  obtained  by the  use  of  a  feedback techn ique,  
i t  can  be  shown  that  a  m in imum  load  res istance  m igh t  be  necessary i n  order  to  preven t  the  
ampl i f i er  osci l lat ing .  I t  i s  poss ible  to  bu i l d  th is  m in imum  value  i n to  the  ampl i f i er,  so  that  the  
ou tpu t  term inals  can  even  be  short-ci rcu i ted  wi thou t  r i sk of  osci l lation .  Th is  i s  not  always  
done,  however,  and  the  manufacturer's  speci fi cati on  shou ld  be  consu l ted  to  determ ine  
whether a m in imum  value  of  l oad  res istance  i s  s tated.  

S ince  the  impedance  of  even  large  s i ng le- tu rn  loops  i s  qu i te  low (a loop of  1 00  m  perimeter  
has  an  i nducti ve  reactance  of  6, 3  Ω at 5  kHz) ,  the  ou tpu t  source  impedance  of  the  ampl i f i er  
does  not  need  to  be  more  than  a few tens  of  ohms  i n  order to  ach ieve  an  adequate  
approximation  to  cu rren t  dri ve.  The  provis i on  of  an  unnecessari l y h i gh  impedance  can  
comprom ise  stabi l i ty.  

I t  can  be  shown  that  the  operati on  of  an  ampl i f i er  wi th  a  reacti ve  load  i nvo lves  i ncreased  heat  
d issipati on  i n  the  ou tpu t  devices.  Th is  effect  i s  u sual l y neg l ig i ble  i f  on l y speech  (and  music)  
s i gnals,  having  a h i gh  peak-to-mean  rati o,  are  i nvolved  and  there  i s  no  c l ipping  of  the  s ignals,  
bu t  resu l ts  i n  a  heat  d i ss ipation  of  up  to  2 , 5  t imes  that  occurring  wi th  a res isti ve  load,  i f  h i gh  
l evel  s i nuso idal  or  other con tinuous  tone  s ignals  are  present.  

1 0.3.9  Vol tage-driven  l oop  

A l oop can  be  d ri ven  by a constan t  vo l tage  i f  i ts  resis tance  ( i nclud ing  any added  res ist i ve  
component)  i s  not  l ess  than  the  i nducti ve  reactance  of  the  loop at  5  kHz.  The  ampl i f ier  
requ i res  no  equal i zation  ( i ncrease  i n  frequency response  at  h i gh  frequencies) .  

For such  a l oop,  us ing  Formu las  (2)  and  (5) ,  and  taking  the  copper conductor temperature  as  
20  °C  (bu t  see  C lause  C.2  for the  effects  of  temperature  ri se) ,  the  fo l lowing  formu la for R  ( in  
ohms)  can  be  deri ved :  

 
2

7–1 042,1
d

BA
R

π

+
×=   (6)   

For a  curren t,  and  therefore  a  magnetic  f i e ld  streng th ,  at  a  l eve l  of  -3  dB  at  frequency fc  with  
respect  to  i ts  l ow frequency value:  

2πfcL  = R 

and  i f  fc  =  5  kHz,  us ing  Formu las  (5)  and  (6) ,  the  cross-sectional  area of  the  l oop conductor i s  
calcu lated  as:  

πd2/4  =  0 , 281  mm 2  
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and  

d =  0 , 60  mm  

for a  loop of  any d imens ions  (see  C lause  C. 2) .  I n  terms  of  1 0 . 3. 6,  a  vol tage-dri ven  loop has  to  
have  a  normal i zed  res istance  of  1 .  

NOTE  I t  i s  usual  to  take  1  kHz  as  the  reference  frequency for  HLS  measurements  and  speci f i cati ons .  However,  an  
unequal i zed  HLS  behaves  as  a  f i rst-order l ow-pass  f i l ter,  and  i f  the  upper (–3  dB)  band  l im i t  i s  5  kHz,  the  response  
at  1  kHz  i s  –0, 1 7  dB  relati ve  to  the  value  at  a  very l ow frequency.  Th i s  d i screpancy,  o r any s im i l ar  d i screpancy i n  
the  response  of  an  equal i zed  system ,  i s  u sual l y  neg l i g i bl e,  bu t  can  cause  con fus ion  i f  the  des i gner does  not  bear  i t  
i n  m i nd .  I f  the  upper band  l im i t  frequency i s  l ower than  5  kHz,  i t  can  be  necessary to  take  the  resu l t i n g  l arger  
d i screpancy i n to  accoun t.  

The value  of  d calcu lated  above  i s  the  d iameter of  conductor that  produces  a  band  l im i t  
frequency of  5  kHz;  a  th icker conductor  produces  a smal l er  bandwid th ,  and  a  th i nner  
conductor al l ows  a  g reater bandwid th .  I t  shou ld  be  noted  that  th is  resu l t  i s  i ndependent  of  the  
s i ze  of  the  l oop.  

For a very smal l  HLS,  such  as  for a  s ing le  l i vi ng  room  or smal l  comm i ttee  room ,  a  s ing le  tu rn  
l oop m igh t  have  an  i nconven ien tl y l ow impedance  un less  a very th in  and  frag i le  conductor i s  
used .  I t  i s  poss ible  to  i ncl ude  a f i xed  res is tance  i n  series  wi th  the  loop.  Al ternativel y,  a  mu l ti -
tu rn  l oop can  be  used.  The  formu las  for the  characteristics  of  mu l t i - tu rn  l oops  are  g i ven  i n  
1 0 . 3. 6.  Because,  re lati ve  to  a s i ng le  tu rn  l oop,  the  inductance  of  an  n- tu rn  l oop  i s  i ncreased  
approximatel y n2  t imes,  wh i le  the  res istance  i s  i ncreased  on l y n t imes,  very th i n  (h i gh  
res istance)  conductors  are  necessary for mu l t i - tu rn  vol tage-dri ven  unequal i zed  l oops  i n  order  
to  keep the  normal ized  res istance  equal  to  1  (see  the  Note  to  1 0. 3. 6) .  

I n  the  case  of  a  very smal l  mu l t i - tu rn  l oop,  such  as  a neck l oop or a  t i cket  off ice  system  (see  
Clause  9  and  Annex  B) ,  the  use  of  a  series  res istor,  of  adequate  power  d i ssipation ,  m ight  be  
the  optimum  techn ique.   

1 0.3. 1 0  Vol tage-driven  l oop  wi th  h igh- level  equal izat ion  

I f  the  l oop d imens ions  are  too  l arge,  or  the  chosen  conductor i s  of  too  l ow resis tance,  for  the  
l oop to  be  vo l tage-driven  wi thout  equal i zati on ,  i t  i s  possible  to  provide  th is  by connecting  a  
network,  consis ting  of  a  capaci tor and  a res i stor i n  paral l el ,  i n  seri es  wi th  the  loop  
(see  Fi gu re  1 1 ) .  Carefu l  des i gn  i s  necessary i n  order to  ach ieve  correct  resu l ts .  The  
techn ique  cou ld  be  of  u se  i f  i t  i s  necessary or  conven ient  to  use  an  ampl i f i er  des igned  for  
"vol tage  l i ne"  (e . g .  1 00  V  or 70  V)  service,  perhaps  because  o ther ampl i f i ers  of  the  same type  
are  used  for  sound  re i n forcement i n  the  same bu i l d i ng ,  and  i n  th is  case,  a  l oop impedance  
h igher than  the  optimum  for  o ther techn iques  i s  requ i red .  Th is  i s  one  of  the  cases  where  i t  
can  be  advan tageous  to  use  a l oop  of  more  than  one  tu rn .  

Another reason  for cons ideri ng  th is  techn ique  i s  that  the  equal i zation  can  be  appl i ed  wi thout  
making  modi f icati ons  to  the  ampl i f ier  or  provid i ng  more  than  a m in imum  of  supplementary 
equ ipment;  the  components  can  be  incorporated  i n  a  term inal  box  where  the  ampl i f ier  ou tpu t  
l ead  meets  the  l oop conductor.  Ampl i f iers  for 25  V  or  50  V l i ne  operation  can  be  connected  to  
l oops  of  the  appropriate  impedance  d i rectl y:  those  for 70  V or  1 00  V l i ne  operation  can  need  a 
transformer un less  the  loop  perimeter or  the  number of  tu rns  i s  large.  

For a loop of  n tu rns,  the  design  formu las  are  converted  as  fo l l ows.  The  value  of  the  current  
( i n  amperes)  i s  g i ven  by:  
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0
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I
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=  (7)  

The  value  of  the  res is tance  ( i n  ohms)  i s  g i ven  by:  
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The  value  of  the  i nductance  ( i n  m icrohenrys)  i s  g i ven  by:  

 L =  3 , 2n2  (A +  B)  (9)  

Compared  wi th  a s i ng le  tu rn ,  the  value  of  the  curren t  needed  i s  reduced  n times,  bu t  the  
i nducti ve  reactance  at  the  upper band  l im i t  i s  i ncreased  n2  t imes,  so  the  value  of  the  ampl i f i er  
vo l tage  ou tpu t  needed  i s  i ncreased ,  by a factor that  depends  on  the  normal i zed  resis tance   of  
the  n- tu rn  l oop.  For example,  i f  the  s i ng le  tu rn  has  a  normal i zed  res istance  of  1 ,  an  n- tu rn  
l oop of  the  same conductor has  a normal i zed  res istance  of  1 /n,  and  the  normal i zed  

impedance  at  the  upper  band  l im i t  i s  ( )211 n+ ,  and  i s  predom inantl y i nducti ve.  I t  can  be  

seen  that  very l i t tl e  i s  to  be  gained,  i n  terms  of  m in im izi ng  ampl i f ier  "power"  ( i . e.  vo l tage  
requ i rement t imes  the  curren t  requ i remen t) ,  by us ing  more  than  th ree  tu rns  wh ich  g i ve  a 
normal i zed  impedance  of  1 , 054.  The  actual  impedance  con ti nues  to  i ncrease  as  n2 .  

NOTE  1  Al ternati vel y,  s i nce  the  n- tu rn  l oop requ i res  on l y  1 /n  t imes  the  cu rren t  for the  s i ng le  tu rn ,  the  conductor  
cross-secti onal  area cou ld  be  reduced  i n  proporti on .  Th i s  resu l ts  i n  an  n- tu rn  l oop wi th  a  normal i zed  res i stance  of  
1 ,  wh i ch  cou ld  be  vo l tage  d ri ven  wi thou t  equal i zat i on ,  bu t  the  conductor has  to  be  very  th i n  (e. g .  a  maximum  area 
of  0 , 098  mm 2  for a  th ree-tu rn  l oop) .  I t  i s  d i ff i cu l t  to  i nstal l  such  th i n  conductors  wi thou t  damage,  and  to  protect  
them  adequatel y  so  that  they  are  not  broken  by movemen t  of  the  bu i l d i ng  s tructu re  due  to  temperatu re  and  
hum id i ty  changes.  However,  they can  be  used  i n  neck l oops.  

NOTE  2  Because  the  equal i zer network effecti vel y  presents  the  ampl i f i er  wi th  a  main l y  res i s t i ve  l oad,  the  use  of  
th i s  techn ique  does  not  i nvol ve  any extra  heat  d i ss ipati on  i n  the  ampl i f i er,  as  i s  requ i red  i n  o ther cases.  

I f  equal i zation  i s  employed,  i t  shou ld  be  explo i ted  to  g i ve  the  maximum  practical  advan tage,  i n  
reducing  the  ampl i f ier  "power"  requ i rement.  I t  can  be  shown  that  the  maximum  possible  
reducti on  i s  by a  factor  of  2 ,  wh ich  impl i es  zero  l oop res istance.  

I t  i s  shown  i n  C .4. 5  that,  for  a  g i ven  shape  of  frequency characterist ic  and  value  of  upper 
band  l im i t  frequency,  there  i s  a  un ique  so lu ti on  for the  values  of  the  componen ts  R1 ,  R2  and  C 
shown  i n  F igure  1 0,  i n  terms  of  the  i nductance  L ( i n  henrys) ,  wh ich  i tse l f  i s  practical l y f i xed  by 
the  loop d imensions.  The  design  formu las,  for  a  practicable  case,  g i vi ng  a nearl y f lat  
frequency response,  are  as  fo l l ows.  

The  value  of  R1  ( i n  ohms)  i s  g i ven  by:  
2,652

2 c
1

Lf
R

π
=  

The  value  of  R2  ( i n  ohms)  i s  g i ven  by:  
3,751

2 c
2

Lf
R

π
=  

The  value  of  C ( i n  farads)  i s  g i ven  by:  
Lf

C
2
c

24

1 21,4

π
=  

Thus,  the  normal i zed  res istance  of  the  l oop i s  1 /3, 751 ,  i . e .  0 , 267,  and  the  normal i zed  
impedance  i s  1 , 035,  wh ich  i s  very close  to  the  theoretical  m in imum .  Wh i le  R1  and  C are  
d iscrete  componen ts,  R2  i s  the  res istance  of  the  l oop,  and  the  conductor s i ze  shou ld  be  
chosen  to  ach ieve  th is  value  of  res istance  (wh i l e  be ing  of  adequate  curren t  rat i ng ) ;  a  smal l  
d i screte  padd ing  res istor  can  be  necessary.  I t  shou ld  be  noted  that  the  d i screte  resis tors  can  
d iss ipate  cons iderable  power,  particu larl y under  fau l t  cond i t i ons  g i vi ng  a constan t  h igh  l oop  
cu rren t.  I f  R2  i s  too  l arge,  a  padding  i nductor can  be  used,  or  a  h i gher value  of  fc  accepted,  so  
that  the  above  formu la for R2  i s  sat isfi ed .  

The  fact  that  a  constant  vo l tage  appl i ed  to  the  inpu t  of  the  equal i zer (see  Fi gure  1 1 )  produces  
a  nearl y constan t  curren t  i n  the  l oop at  any frequency,  fal l i ng  by 3  dB  at  the  upper  band  l im i t  
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frequency,  impl i es  that  the  impedance  at  the  equal i zer i npu t  has  the  i nverse  characterist ic.  
S ince  the  impedance  at  l ow frequencies  i s  (R 1  +  R2) ,  a  s imple  check of  the  correct  des ign  of  
the  equal i zer i s  to  measure  the  equal i zer i npu t  curren t  at  a  range  of  frequencies,  wh i l e  
appl yi ng  a constant  vo l tage  V across  the  i npu t  term inals.  The  current  shou ld  be  substantial l y 

constan t,  at  a  value  equal  to  V/(R1  +  R2)  at  l ow frequencies ,  fal l i ng  to  22  =  0 , 71  t imes  the  

l ow frequency value  at  the  upper band  l im i t  frequency fc .  

 

Figure 1 1  – Ci rcu i t  d iag ram  of  a  "h igh-level"  equal izer  (for insertion   
between  the  ampl i fier  and  the loop)  

1 0.3. 1 1  Vol tage-driven  l oop  wi th  low-level  equal ization  

I t  i s  theoretical l y poss ible  to  compensate  for the  frequency response  produced  by a l oop of  
i nadequate  bandwid th  by the  i ncl us ion  of  a  passive  equal i zi ng  network before  the  f i nal  
ampl i f i er.  However,  the  use  of  th is  techn ique  i s  not  general l y advisable  because  the  f inal  
ampl i f i er  i s  then  subject  to  the  same increased  heat  d i ss ipation  requ i remen ts  as  for  a  current-
dri ve  ampl i f i er,  and  i t  i s  not  l i ke l y to  have  been  designed  wi th  these  i n  m ind .  Also,  the  
equal i zi ng  network has  to  be  designed  speci f ical l y for the  i nductance  and  resis tance  of  the  
l oop being  dri ven ,  and  cons iderable  techn ical  ski l l  i s  needed.  I t  shou ld  be  noted  that  the  
act ion  of  a  treble-boost  tone-contro l  i s  most  un l ikel y to  produce  correct  equal i zati on .  

1 0.3. 1 2  Use of  transformers  

The des ign  methods  g i ven  i n  th is  document  al l ow the  connecti on  of  the  l oop to  the  ampl i f i er,  
e i ther  d i rectl y or  vi a a  h i gh - level  equal i zer,  wi thou t  the  need  for a  transformer.  Th is  i s  
because  the  use  of  transformers  can  pose  d i ff icu l t  des i gn  problems,  and  the  necessary 
transformer(s)  are  often  not  avai lable  as  stock i tems  and  have  to  be  made special l y.  

There  are  two  cases  where  the  use  of  a  transformer can  be  the  best  practi ce.  I n  the  f i rs t  case,  
the  ampl i f ier  has  to  be  s i ted  several  metres  from  the  loop,  and  l osses  i n  the  connecti ng  cable  
wou ld  be  excess ive  i f  i t  had  to  carry a l arge  curren t.  The  des ign  method  described  i n  1 0 . 3 . 8  
can  then  be  used ,  resu l ti ng  i n  a  h i gh - impedance  l oop carryi ng  a l ow current.  An  al ternative  i s  
to  use  the  des ign  method  described  i n  1 0. 3 . 1 0 ,  making  the  l oop  res istance  4  Ω  or 8  Ω ,  i n  
con j uncti on  wi th  a "vo l tage  l i ne"  ampl i f ier,  and  to  p lace the  match ing  transformer,  wh ich  can  
then  be  a  standard  type,  c lose  to  the  l oop.  The  power requ i red  by the  l oop shou ld  be  
calcu lated  as  shown  in  1 0 . 3 . 8  and  an  al l owance  of  up  to  2  dB made for the  transformer 
l osses.  

The  second  case  occurs  where  a  very l arge  l oop i s  necessary,  and  the  requ i red  current  i s  
l arger than  can  be  provided  by any avai lable  ampl i f ier.  One  techn ique  wh ich  can  be  appl icable  
i s  the  use  of  mu l t ip le  l oops  (see  1 0 . 3 . 1 7) ,  bu t  i t  i s  also  possible  to  combine  the  ou tpu t  
curren ts  of  several  ampl i f iers  by means  of  a  transformer special l y des igned  for th is  purpose.  
The  advice  of  the  manufacturer  of  the  transformer shou ld  be  fo l lowed  i n  th is  case.  
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1 0.3. 1 3  Effects  of  bu i ld ing  construction  

Metal l ic  (or other e lectrical l y conducting )  material  used  i n  the  constructi on  of  the  bu i l d ing ,  or  
i n  subs id iary structures  such  as  the  framework for t iered  seating ,  can  affect  the  performance  
of  an  HLS in  two  ways.  The  effect  wh ich  i s  usual l y  of  l esser importance  i s  the  d istortion  of  the  
magnetic  f i e ld  d istri bu tion  caused  by magnetic  materials .  Structural  s tee lwork usual l y has  an  
appreciable  l ocal  d is torti ng  effect  on  the  f i e ld  d istri bu t ion ,  and  produces  a  l ess  eviden t  
general  reducti on  i n  f i e ld  streng th .  I f  the  steelwork forms closed  magnetic  ci rcu i ts  i n  a  vertical  
p lane,  i t  can  be  better  to  pos i t i on  the  l oop  i ns ide  these  ci rcu i ts  rather than  ou ts ide  them   
(see  F igure  1 2) .   

 

Figure 1 2  – Preferred  loop l ayout  i n  a  steel -framed  bu i ld ing  

Extended  steel  frameworks,  such  as  those  used  for  false  ce i l i ngs  or  t i ered  seating ,  produce  
gross  d istort i on  of  the  f ie ld  d istribu t ion .  To  combat th is  as  far as  possible,  the  l oop shou ld  be  
pos i t ioned  as  far below or above  the  framework as  poss ible,  the  l i s teners  be ing  between  the  
framework and  the  l oop.  The  presence  of  steelwork can  s ig n i f i can tl y i ncrease  the  i nductance  
of  the  l oop,  hence  i ncreasing  the  vo l tage  requ i rement for  the  ampl i f ier.  

The  effects  of  eddy currents  i n  metal ,  even  steel ,  s tructu res  are  usual l y more  s i gn i f icant  than  
the  magnetic  effects .  The  general  effect  i s  a  reduct i on  i n  magnetic  f i e ld  s treng th ,  wi thout  the  
creation  of  areas  of  i ncreased  streng th .  Th is  i s  i ncreas ing l y a  problem  in  new bu i ld i ngs ,  due  
to  the  use  of  expanded  or perforated  metal  mesh  i n  wal l  construction  and  to  the  use  of  
alum in ium  foi l - lam inated  i nsu lat ion  boards.  Some improvement  can  be  obtained  by posi t ion i ng  
the  l oop  as  far as  practicable  away from  the  structure  concerned .  I n  severe  cases ,  i t  m igh t  be  
necessary to  mod i fy metal  s tructures  i n  order to  break the  main  eddy cu rren t  paths  (see  
Figu re  1 3) .  Eddy current  l oss  tends  to  cause  the  overal l  frequency response  of  the  HLS and  
hearing  aid  to  be  subject  to  a  fal l  at  3  dB/octave  wi th  i ncreas ing  frequency,  superimposed  on  
the  other characteristics .  Smal l  metal  obj ects  and  vert ical  metal  panels ,  such  as  s i gnboards,  
normal l y have  very l i t tl e  effect  on  the  magnetic  f i e l d .  

IEC  
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Figure 1 3  – Methods  of  breaking  eddy cu rrent  paths in  metal  structures  

No theoretical  des ign  procedure  has  been  found  that  takes  accoun t  of  the  effects  of  
metalwork on  the  magnetic  f i e ld ,  bu t  some heu ristic  procedures  have  proved  usefu l .  I t  i s  
necessary to  cons ider the  resu l ts  of  measuri ng  the  current  requ i remen t and  impedance  
characterist ic  of  a  trial  l oop,  and  the  f ie l d  d istribu tion  and  frequency response  ach ieved.  
Measures  shou ld  then  be  taken  i n  des ign  and  i nstal l ati on  to  overcome any problems 
d isclosed .  

1 0.3. 1 4  Electromagnetic  compatibi l i ty (EMC)  

I t  shou ld  be  noted  that  i nd i vi dual  i tems  of  equ ipmen t used  i n  the  HLS are  wi th i n  the  scope  of  
the  European  Commun i ty (EC)  requ i remen ts  for EMC.  I t  i s  also  necessary to  pay atten tion  to  
the  characterist ics  of  the  i nstal l at ion  as  a  whole.  S ince  th is  effecti vel y cons ists ,  i n  part,  of  a  
l arge  loop antenna connected  to  an  ampl i f i er,  there  i s  s i gn i f icant  poten tial  for  both  the  
em ission  and  the  reception  of  i n terferi ng  s i gnals.  

I t  i s  very d i ff icu l t  to  preven t  rad io  s i gnals  of  l ow rad io  frequency picked  up  by the  loop,  from  
reach ing  the  ampl i f i er,  wh ich  shou ld  thus  i tse l f  have  adequate  immun i ty from  in terference  of  
th is  type.  VHF s ignals  can  be  f i l tered  by means  of  ferri te  beads  and  l ow- inductance  capaci tors  
(see  F igure  1 4) ,  bu t  document  suppressor i nductors  and ,  part icu larl y,  mains  f i l ter  assembl ies,  
have  far too  much  i nductance  for connecti on  i n  seri es  wi th  an  HLS  l oop.  

 

The  box shou ld  be  as  cl ose  as  poss ible  to  the  ampl i f i er ou tpu t  term inal s .  The  vol tage  rat i ng  of  the  1  nF  capaci tors  
shou ld  exceed  the  peak  vol tage  expected  from  the  ampl i f i er  ou tpu t.  

Figure 1 4  – Fi l ter for  attenuating  VHF signals  picked  up  by the  loop  
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I n terference  due  to  external  magnetic  f i e l ds  (usual l y from  mains-powered  e lectromagnetic  
equ ipment,  such  as  transformers,  motors  and  i nductors  i n  f l uorescen t  l amp contro l  gear)  i s  
often  extremel y d i ff i cu l t  to  reduce.  Spatial l y separated  l i ne  (or  phase)  and  neu tral  mains  
conductors  can  also  cause  severe  i n terference.  Th is  i n terference  wou ld  be  present  even  i f  
there  was  no  HLS i nstal l ed .  I n  some cases,  sh ie ld ing  the  source  wi th  h igh -permeabi l i ty sheet  
can  be  effecti ve  and  econom ical l y feas ible.  I t  shou ld  be  noted  that  sh ield ing  materials  wh ich  
are  much  l ess  costl y than  h i gh  permeabi l i ty n ickel - i ron  al l oys  are  now avai lable.  I f  sh ie ld i ng  i s  
not  usable ,  and  the  s i gnal - to-no ise  rati o  i s  unsatisfactory,  even  wi th  a  f ie l d  streng th  of  
400  mA/m ,  use  of  a  mod i fi ed  or d i fferen t  system  of  commun ication ,  such  as  in fra-red ,  shou ld  
be  cons idered,  bu t  i t  shou ld  be  real i zed  that  these  systems  are  not  on l y more  d i ff i cu l t  to  
adm in i ster bu t  are  also  l ess  social l y acceptable.  

NOTE  Some heari ng  ai ds  can  be  suscepti bl e  to  rad i o  frequency i n terference.  

Except  for household  systems,  both  the  HLS i tse l f  and  any sound  re in forcement  or  
reproducti on  system  used  i n  the  same bu i l d i ng  shou ld  use  balanced  screened  wi ring  for al l  
l ow- level  c i rcu i ts .  I n  some cases,  i t  can  be  necessary to  use  h i gh  qual i ty,  correctl y connected ,  
screened  star-quad  cables.  E lectron ic  equ ipment  shou ld  not  be  pos i t i oned  i ns i de  the  area of  
the  l oop,  u n less  th is  i s  unavoidable.  

I n  order to  m in im ize  the  producti on  of  magnetic  f i e l ds  at  frequencies  above  5  kHz,  due  to  
harmon ic  d is tort i on  of  the  l oop current,  measures  shou ld  be  taken  to  preven t  c l i pping  of  l arge-
ampl i tude  s ignals,  not  on l y at  the  ou tpu t  of  the  power ampl i f i er,  bu t  e lsewhere  i n  the  system .  
Th is  can  be  ach ieved  by means  of  au tomatic  gain  con trol  (AGC)  and  "soft  cl i pping"  c i rcu i ts  
(wh ich  usual l y work by appl yi ng  non- l i near  negati ve  feedback or  vo l tage-contro l led  
attenuation  to  excess ive  s ignal  peaks) ,  or  by other techn iques,  such  as  dynam ic bandwidth  
con trol .  I t  shou ld  also  be  ensured  that  the  h igh -frequency con tent  of  any tone  s i gnals  i s  
su ffi ci entl y l ow,  and  that  the  send ing -end  bandwid th  of  the  system  is  no  l arger than  
necessary.  

The  magnetic  f i e ld  produced  by the  l oop can  affect  other equ ipment  and  systems  (such  as  
te lephones  and  vi deo  systems)  by the  d i rect  i nducti on  of  aud io-frequency cu rrents  i n to  
conducti ng  loops  formed  by the  wi ri ng  of  the  target  equ ipment or  system .  Such  i n terference  
cannot  normal l y be  e l im inated  by mod i fying  the  HLS (except  where  re- rou ting  of  cables  
proves  effecti ve) ,  bu t  can  be  el im inated  by su i tabl y mod i fying  the  target  equ ipmen t or  system  
so  as  to  break the  loop(s) .  I t  i s  essential  that  e lectrical  safety i s  not  comprom ised  i n  th is  
even t.  Methods  of  breaking  loops  are  shown  i n  F i gure  1 5.  

 

NOTE  The  vi deo  transformer can  be  replaced  by a  bal anced - i npu t  vi deo  d i stri bu ti on  ampl i f i er.  

Figure 1 5  – Methods  of  "breaking"  loops  in to  wh ich  in terference vol tages  
cou ld  be  i nduced  by an  HLS 
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1 0.3. 1 5  Tone signals  

Tone s i gnals  can  be  needed  to  show,  i n  the  absence  of  any other s i gnal ,  that  the  HLS is  
working .  They also  can  be  needed  as  t ime  s ignals,  alarm  s ignals ,  for  commun icati on  wi th  
staff,  or  for  test ing  purposes.  I t  i s  essen tial  that  any tone  s i gnals  used  i n  the  system  do  not  
i nclude  unnecessary h i gh  frequency s i gnal  components.  Al l  s i gnals ,  particu larl y those  
d ig i tal l y-generated ,  shou ld  be  low-pass  f i l tered  so  that  the  res idual  vo l tage  above  5  kHz i s  at  
l east  40  dB  below the  s i gnal  vo l tage.  Appropriate  leve ls  for tone  s i gnals,  referred  to   
0  dB  =  0 , 4  A/m   or  o ther des i gned  reference  value,  at  the  l oop  reference  po in t(s) ,  are  as  
fo l l ows:  

a)  test  tones:  –1 2  dB;  

b)  adm in istrati ve  tones  ( t ime  s i gnals  and  staff  messages) :  –1 8  dB;  

c)  emergency tones:  0  dB;  

d )  confidence  tones:  –1 8  dB.  

The  du ty cycle  ( i . e .  the  rat io  of  "on "  t ime  to  "off"  t ime)  shou ld  not  exceed  1  to  4,  i n  order to  
reduce  heating  effects  i n  the  ampl i f i er  due  to  operation  wi th  an  i nducti ve  l oad .  

1 0.3. 1 6  Equal ization,  other than  for compensating  loop impedance characteristi cs  

I n  a  sound  rei n forcement system ,  equal i zati on  i s  provided  to  compensate  for the  frequency 
characteris tics  of  m icrophones,  l oudspeakers  and  thei r  i n teraction  wi th  the  aud i tori um .  I n  an  
HLS,  on l y the  l oudspeakers  are  absen t;  the  aud i torium  sti l l  affects  the  characteristics  of  the  
sound  reach ing  the  m icrophones.  I t  i s  l i kel y,  therefore,  that  equal i zation  to  compensate  for  the  
m icrophone  and  aud i tori um  characteris t ics  can  provide  a usefu l  improvement i n  sound  c lari ty  
and  i n te l l i g i bi l i ty.  The  f i nal  ad j ustmen t of  the  equal i zation  shou ld  i nvolve  a panel  of  hearing  
aid  users .  

1 0.3. 1 7  Mu l tiple  loops  

Many conf i gurati ons  of  mu l t ip le  l oops  have  been  reported  i n  techn ical  and  scien ti f i c  l i teratu re  
concerned  wi th  HLS.  Some of  these  do  not  functi on  as  described  by thei r  au thors,  use  
techn iques  wh ich  are  not  optimum ,  are  costl y to  i nstal l  and /or  have  und isclosed  
d isadvan tages.  Any complex  l oop  layout  shou ld  be  constructed  as  a s imple  scale  model ,  on  
wh ich  f ie l d  s treng th  and  d istribu tion  measurements  can  be  made.  

Mu l t iple  l oops  shou ld  be  used  for the  fo l l owing  fou r purposes:  

a)  to  reduce  the  l i s ten ing  height  requ i red  for  a  g i ven  degree  of  un i form i ty of  the  magnetic  
f ie l d ;  

b)  to  cover an  area requ i ri ng ,  for  a  s ing le  l oop,  a  l arger  l oop cu rren t  than  one  ampl i f i er  can  
provide;  

c)  to  m in im ize  the  magnetic  f i e l d  streng th  i n  reg ions  ou ts ide  the  coverage  area;  

d )  to  improve  coverage,  when  a s i ng le  l oop cannot  provide  even  coverage  due  to  the  effects  
of  steel  i n  the  bu i l d ing  constructi on .  

The  layou t  shown  i n  F i gure  1 6  a) ,  wi th  curren ts  i n  the  ad j acen t  conductors  i n  the  same  
d i rection ,  produces  a  f i e l d  d istri bu t ion  s im i lar to  that  for each  l oop  separatel y,  wh ich  ach ieves  
the  object  of  i tem  a) .  However,  s ince  the  f ie l d  d i stri bu t ion  for each  loop resembles  that  of  a  
s i ng le  loop,  the  f i el d  above  or  be low the  ad jacent  conductors  i s  d i rected  hori zon tal l y,  so  that  a  
normal  hearing  aid  produces  no  ou tpu t  i n  th is  zone.  I t  i s  sometimes  suggested  that  th is  i s  
acceptable  i f  the  nu l l  reg ion  i s  l ocated  i n  a  centre  ais le ,  bu t  th is  can  cause  hearing  ai d  users  
not  to  hear  emergency announcements.  

NOTE  1  I f  the  nu l l  reg ion  i s  very l ocal i zed ,  as  i s  o ften  the  case,  th i s  system  can  be  used  wi thou t  d i ff i cu l ty.  

The l ayou t  shown  i n  F i gu re  1 6  b) ,  wi th  currents  i n  ad jacen t  conductors  i n  opposite  d i rections,  
produces  a f i e ld  d istri bu ti on  nearl y i dentical  to  that  of  one  large  l oop.  Th i s  can  be  seen  from  
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the  fact  that  the  f ie l ds  due  to  the  oppos ing  currents  cancel ,  l eaving  on l y the  f i e lds  due  to  the  
perimeter conductors.  I n  th is  case,  there  are  no  nu l l s  i n  the  vertical  componen t  of  the  f i e ld  
wi th i n  the  loop,  bu t  the  l i s ten ing  hei gh t  has  to  be  that  calcu lated  for the  large  l oop.  I t  i s  
poss ible  to  combine  the  techn iques  of  F i gure  1 6  a)  and  Figure  1 6  b)  i f  four  sub- loops  are  
used .  

   

a)  Layout  for  reducing  the  actual  
l i sten ing  heigh t  requ i red  for  a  

g i ven  degree of  un i formi ty of  fi eld  
streng th  

b)  Layou t  for  covering  an  area  
l arger than  can  be  served  wi th  

one  ampl i fi er  

c)  Layout  for  reducing  the fi eld  
streng th  ou tside the  coverage 

area  

Loops  shou l d  never be  connected  i n  paral l e l ,  because  the  cu rren ts  i n  the  l oops  wou l d  be  nearl y  impossible  to  
pred i ct.   

Where  conductors  are  shown  c l ose  together,  twi n  twi s ted  or  f l at  cable  shou ld  be  used .  Th i s  does  not  necessari l y  
appl y to  ad jacent  conductors  o f  l oops  1  and  2  i n  Fi g u re  1 6  c) .  

I n  Fi gure  1 6  a) ,  the  ad jacen t  conductors  carry cu rren ts  i n  the  same d i rect i on  so  that  the i r  magneti c  f i e l ds  add  
together.  The  ad j acent  conductors  i n  Fi g u re  1 6  b)  carry oppos ing  cu rren ts .  I f  these  cu rren ts  are  of  equal  magn i tude  
and  phase,  the  f i e l ds  generated  by the  conductors  cancel .  

The  rel at i ve  cu rren t  d i recti ons  i n  l oops  1  and  2  i n  Fi gu re  1 6  c )  are  u n importan t,  because  the  cu rren ts  are  90°  ou t  of  
phase  or  have  a  t ime  del ay between  them .  

Figure 1 6  – Mu l tiple  loop l ayouts  

Whi le  the  number of  possible  l oop confi gurations  i s  c learl y i n f in i te ,  i t  i s  cons idered  that  i n  no  
case  s im i lar to  the  above  shou ld  the  ad j acen t  conductors  be  separated ,  as  th is  i s  l i able  to  
i n troduce  unacceptable  non-un i form i ty of  the  f ie l d  d istribu tion ;  twin  f lat  or  twis ted  cable  shou ld  
be  used.  

The  reducti on  of  the  f i e l d  streng th  ou ts i de  the  coverage  area has  been  the  subject  of  much  
study;  some proposed  so lu tions  requ i re  complex  l oop  layou ts .  A reasonabl y practicable  
method  i s  to  use  g roups  of  loops  fed  wi th  curren ts  having  a 90°  phase  d i fference   
[see  Fi gure  1 6  c) ] .  Two  ampl i f i ers  and  a wide-band  aud io  90°  phase-sh i ft  network are  needed.  
The  principle  i s  explained ,  wi th  practical  resu l ts  by Olofsson  [3] .  Des ign  in formation  on  
su i table  wide-band  90°  phase-sh i ft  networks  i s  g i ven  by Wi l l i ams  [4] .  I t  shou ld  be  noted  that  
accord ing  to  Olofsson  [3 ] ,  the  word  "uncorrelated"  i s  mostl y used  to  mean  " i n  quadrature"  or  
"wi th  a  90°  phase  d i fference" ,  and  that  some of  the  examples  of  less  than  satisfactory des igns  
are  particu larl y bad  examples .   

An  i l l us trat ion  of  what  can  be  ach ieved  wi th  th is  techn ique  i s  g i ven  i n  F igu re  1 7.  I t  shou ld  be  
noted  that  the  hori zon tal  component  of  the  magnetic  f i e ld  i s  not  reduced  as  much  as  i s  the  
vertical  f i e l d .  Th is  can  cause  d is tu rbing  effects  as  l i s teners  ( i ncl ud ing  hearing  ai d  users  
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ou ts ide  the  coverage  area)  change  att i tude.  Wi th in  the  l oop  working  area,  the  hori zon tal  f i e l d  
i s  un i form  enough  to  be  usable,  i f  requ i red .  An  al ternati ve  techn ique  menti oned  by 
Olofsson  [3 ]  i s  to  use  an  e lectron ic  delay instead  of  a  90°  wide-band  phase-sh i ft  network.  A 
de lay of  1 0  ms  i s  reported  as  satisfactory,  i n  spi te  of  producing  a  comb-fi l tered  frequency 
response  characteristic,  wi th  a  nu l l  at  every mu l ti ple  of  1 00  Hz.  The  aud ible  effect  of  th is  
comb f i l teri ng  i s  very smal l  on  speech  s ignals.  

NOTE  2  The  phase  d i fference  between  the  f i e l ds  due  to  ad j acen t  l oops  (90°  i f  a  wi de-band  phase-sh i ft  n etwork i s  
used,  or  proporti onal  to  frequency i f  a  t ime-delay i s  used)  produces  a  rotat i ng  magneti c  f i e l d  i n  the  vert i cal  p l ane  
(see  [4] ) .  I f  the  vert i cal  and  hori zontal  components  of  the  magneti c  f i e l d  are  of  approximately  equal  s treng th ,  the  
d i recti onal  response  of  the  te l ecoi l  (see  Fi g ure  5 )  i s  part i al l y  n u l l i f i ed ,  and  commun icati on  can  take  pl ace  
i rrespecti ve  of  the  body att i tude  of  the  heari ng  ai d  user,  bu t  can  vary accord i ng  to  the  d i recti on  the  user i s  faci ng .  

 

a)  Perpendicu lar to  the  pl ane of  the  system   

 

b)  Paral lel  to  the  plane of  the  system  

Figure 1 7 – Variation  across  an  axis  of  the  system,  at  a  height  ratio  of  0,32,  of  the  
component  of  the  fi eld  strength ,  for  a  loop  system  sim i lar to  that  shown  in  Figure 1 6  c) ,  

compared  wi th  the correspond ing  variations for a  conventional  sing le loop  

IEC  
Distance  from  cen tre  d i vi ded  by l oop wi d th  

d
B

 

0  

0  0, 25  0, 5  0, 75  1  1 , 25  0, 25  0, 5  0, 75  1  1 , 25  

5  

–5  
–1 0  
–1 5  
–20  
–25  
–30  
–35  
–40  
–45  
–50  
–55  
–60  

0  dB  =  f i e l d  s treng th  at  th e  

cen tre  o f  th e  refe rence  l oop  
Referen ce  s i mpl e  s i n g l e–tu rn  l oop  wi th  

th e  same  ou ts i de  d i men s i ons  as  l oop  1  

o f  F i g u re  1 6c  and  th e  same  cu rren t  

Mu l t i p l e  l oop  sys tem  s i mi l ar  to  F i g u re  1 6c  

IEC  
Distance  from  cen tre  d i vi ded  by l oop wi d th  

d
B

 

0  

0  0, 25  0, 5  0, 75  1  1 , 25  0, 25  0, 5  0, 75  1  1 , 25  

5  

–5  
–1 0  
–1 5  
–20  
–25  
–30  
–35  
–40  
–45  
–50  
–55  
–60  

0  dB  =  (perpend i cu l ar)  f i e l d  s t reng th  o f  

th e  cen tre  o f  th e  re ference  l oop  
Referen ce  s i mpl e  s i n g l e–tu rn  l oop  wi th  

th e  same  ou ts i de  d i men s i ons  as  l oop  1  

o f  F i g u re  1 6c  and  th e  same  cu rren t  

Mu l t i p l e  l oop  sys tem  s i mi l ar  to  F i g u re  1 6c  



 – 40  – I EC TR  63079:201 7    I EC  201 7  

1 0.3. 1 8  Protection  of  loop  conductors  

I nsu lated  and  sheathed  cable  or  cable  conform ing  to  recogn ized  i n ternational  documents  
m ight  i n  many cases  need  no  fu rther protecti on ,  i f  s i ted  ou t  of  reach .  I n  o ther cases,  and  
part icu larl y i f  u nsheathed  equ ipment wi re  i s  used ,  protecti on  by means  of  ri g id  p lastics  tubing ,  
or  equ ivalen t,  shou ld  be  provided .  I t  has  been  shown  that  non -magnetic  metal  sheath i ng  or  
tubing  ( for example  i n  the  form  of  m ineral  i nsu lated  copper sheathed  (M ICS)  cable) ,  as  can  be  
needed  i n  extreme envi ronmen ts  or  to  m in im ize  the  r isk of  spread  of  f i re,  has  very l i tt l e  effect  
on  the  magnetic  f i e l d ,  provided  that  the  sheath i ng  does  not  form  a complete  ci rcu i t  around  the  
perimeter of  the  loop.  The  cable  shou ld  be  of  the  plastics  sheathed  type,  earthed  at  one  poin t  
on l y,  and  su i tabl y i den ti f i ed  so  that  i t  i s  not  used  as  an  earth  conti nu i ty conductor when  mains  
suppl y wi ring  i s  subsequen tl y mod i fi ed .  

1 0.3. 1 9  Automatic  gain  control  (AGC),  compression,  l imi ting ,  noise  gating  and  voice 
control  

1 0.3. 1 9. 1  Explanation  of  techn iques  

I t  i s  necessary to  d is t ingu ish  carefu l l y between  these  rather s im i lar techn iques,  because  
i ncorrect  appl ication  can  have  seri ous  consequences.  

AGC is  a  techn ique  wh ich  au tomatical l y contro ls  the  gain  of  an  ampl i f ier  so  that  the  ou tpu t  
vo l tage  remains  practical l y constan t  even  though  the  i npu t  vo l tage  varies  (above  a certai n  
th reshold  value) .  To  be  effecti ve,  the  system  shou ld  have  a fast  attack time,  of  the  order of  
1 00  ms,  wi th  a peak detector.  The  re lease  t ime  shou ld  be  much  l onger,  of  the  order of  several  
seconds.  

Compression  i s  a  techn ique  wh ich  changes  the  gain  of  an  ampl i f i er  (above  a certai n  th reshold  
i npu t  vo l tage)  from  a constant  value  to  a value  proport ional  to  a  fractional  power (e. g .  the  
square  root)  of  the  i npu t  vo l tage.  The  attack t ime  can  be  short  enough  to  fo l l ow the  s i gnal  
waveform  approximatel y (e. g .  50  µs) ,  wh i le  the  release  t ime  i s  normal l y much  l onger,  u p  to  a  
few seconds.  

Lim i ti ng  i s  a  fast-acti ng  techn ique,  i n  wh ich  the  peaks  of  the  ou tpu t  vo l tage  are  removed .  Th is  
can  resu l t  i n  much  d istort i on ,  and  the  producti on  of  rad iated  i n terference,  bu t  there  are  
techn iques  wh ich  produce  on l y reasonabl y acceptabl e  amoun ts  of  d is tortion  (e. g .  "soft  
cl ipping ")  and  wh ich  are  not  l i ke l y to  cause  i n terference.  

Noise  gati ng  i s  a  techn ique  wh ich  cons iderabl y reduces  the  ampl i f i er  gai n  (perhaps  s l owl y)  
when  the  i npu t  s i gnal  fal l s  below a  th reshold  level  for  several  seconds.  

Voice  contro l  i s  a  techn ique  wh ich  ho lds  the  ampl i f i er  gai n  at  a  low value  un t i l  a  s i gnal  
exceed ing  a  th reshold  leve l  i s  received ,  when  the  gain  i s  rapid l y i ncreased  to  a pre-set  value.  
The  techn ique  i s  also  often  described  as  "au tomatic  m icrophone  m ixi ng "  or  "au tomatic  
m icrophone  contro l " .  

1 0.3. 1 9.2  AGC 

AGC i s  usefu l  i n  m icrophone  ampl i f i ers  to  compensate  for qu iet  or  d i stant  talkers,  wh i l e  
compress ion  or l im i ti ng  can  be  used  to  reduce  the  peak-to-mean  rati o  of  programme s ignals  
so  as  to  reduce  ampl i f ier  demands.  Th is  shou ld  not  be  carried  too  far;  a  peak-to-mean  rati o  of  
abou t  9  dB  shou ld  be  preserved ,  i n  order  to  prevent  speech  sounding  too  s tri den t.  

1 0.3. 1 9.3  Noise gating  

Noise  gati ng  i s  usefu l  i f  acoustic  no ise  i s  re layed  by the  HLS at  a  leve l  wh ich  i s  annoying  i n  
the  absence  of  wan ted  s i gnals.  Voice  contro l  i s  usefu l  i n  that  i t  enables  some systems  to  
operate  satisfactori l y wi thou t  the  need  for  an  operator to  swi tch  m icrophones  on  and  off.  
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1 0.3.20  Signal -to-noise ratio  

An  HLS that  produces  the  correct  magnetic  f i e l d  streng th  and  the  correct  frequency response  
can  st i l l  be  unsatisfactory i f  the  s i gnal - to-noise  rati o  i s  i nadequate.  Noise  i n  the  absence  of  
s i gnal  can  be  annoying  i f  too  l oud ,  and  no ise  i n  the  presence  of  wanted  s i gnals  reduces  
i n te l l i g ibi l i ty.  I t  i s  known  that,  to  ref lect  accu rate l y the  resu l ts  of  subj ecti ve  tests  wi th  persons  
of  normal  hearing ,  these  two  effects  shou ld  be  measured  wi th  d i fferen t  meters  and  frequency 
weigh tings .  Noise  alone  shou ld  be  measured  wi th  a  true  RMS meter and  A-weigh ting ,  wh i le  
the  d isturbing  effect  of  no ise  i n  the  presence  of  a  wan ted  s i gnal  shou ld  be  measured  by 
means  of  a  quas i -peak meter  and  psophometri c  weighti ng .  I n  the  absence  of  reports  of  
subj ecti ve  tests  wi th  heari ng - impai red  persons,  the  above  methods  shou ld  be  used .  For most  
types  of  no ise,  the  psophometric  method  g i ves  l ess  favourable  values,  by a  marg in  of  6  dB  to  
1 4  dB  or even  more,  depend ing  on  the  spectrum  of  the  no ise  s ignal .  

No ise  i n  an  HLS  comes  from  the  fol l owing  th ree  sources:  

a)  e lectrical  no ise,  generated  i n  m icrophone  ampl i f iers,  etc. ;  

b)  acoustic  no ise,  p icked  up  by the  HLS  m icrophone(s) ;  

c)  magnetic  no ise  ( i n terference) ,  mostl y from  mains-powered  e lectromagnetic  equ ipment,  
such  as  transformers,  motors  and  i nductors  i n  f l uorescen t  l i gh ting  contro l  gear.  

E lectrical  no ise  shou ld  not  be  a problem  wi th  wel l -des igned  equ ipment,  bu t  care  shou ld  be  
taken  not  to  operate  ampl i f iers  at  unnecessari l y l ow s ignal  l evels,  as  th i s  can  s i gn i f icantl y 
reduce  the  s ignal - to-noise  rati o .  Carefu l  ad justment  of  gain  d is tri bu t ion  i n  the  system  m igh t  be  
necessary to  prevent  overload  (cl i pping ) ,  wh i le  main tain ing  a h i gh  s ignal - to-e lectrical  no ise  
rat io.  

Acoustic  no ise  shou ld  be  reduced  to  a practicable  m in imum ,  beari ng  i n  m ind  that  the  no ise  
shou ld  be  assessed  by measuring  and  l i s ten ing  to  the  s i gnal  p icked  up by the  m icrophones,  
as  th is  can  be  more  affected  by ai r-cond i t i on ing  no ise,  for  example,  than  by the  sound  i n  the  
body of  the  aud i tori um .  An  HLS  cannot  provide  the  degree  of  d i scrim inati on  against  unwanted  
sound  that  normal  bi naural  hearing  does.  I f  necessary,  no ise  gati ng  can  be  used  i n  the  
ampl i f i er  to  reduce  no ise  i n  the  absence  of  wanted  s i gnals .  

Magnetic  no ise  normal l y occurs  as  a mains  power  frequency (normal l y 50  Hz or 60  Hz)  s i gnal  
wi th  strong  harmon ic  componen ts,  especial l y at  odd  mu l t i p les  of  the  fundamental  frequency.  
Such  a s i gnal  can  produce  very d i fferent  resu l ts  when  measured  wi th  a  true  RMS meter and  
A-weigh ting ,  compared  wi th  those  obtained  wi th  a  quas i -peak meter  and  psophometric  
weigh ting .  The  shape  of  the  overal l  frequency response  of  the  HLS and  hearing  ai d  tends  to  
emphas i ze  the  harmon ics,  and  the  psophometric  measurement g i ves  more  real is t ic  resu l ts  
under these  cond i t i ons.  Noise  gati ng  cannot  reduce  magnetic  no ise,  wh ich  wou ld  be  p icked  
up  d i rectl y by the  heari ng  ai d  even  i f  the  HLS were  not  present.  

Research  by Zurek and  Delhorne  [5]  has  suggested  that  i n  the  absence  of  reverberati on ,  
normal ,  m i l d l y and  moderatel y sensori neural l y- impai red  subj ects  behave  s im i larl y wi th  respect  
to  consonant  recepti on  (wh ich  mostl y determ ines  i n te l l i g ibi l i ty)  when  presented  wi th  s i gnals  of  
equal  aud ibi l i ty ( i . e .  at  the  same l evel  wi th  respect  to  the  i nd ivi dual 's  (sh i fted)  th reshold ) .  I n  
the  context  of  HLS,  the  aud ibi l i ty shou ld  be  secured  by the  acti on  of  the  heari ng  aid  i n  
presenti ng  an  appropriate  sound  pressure  l evel  to  the  ear.  The  s ignal - to-noise  rat io  wh ich  i s  
then  acceptable  i s ,  accord ing  to  [6 ] ,  s im i lar for  m i ld l y and  moderatel y sensorineural l y- impai red  
subj ects  as  for normal  subj ects ,  and  for  the  l atter a  s i gnal - to-no ise  rat io  (psophometric)  of  at  
l east  26  dB,  referred  to  the  s i gnal  level  measured  wi th  a peak programme meter (PPM) ,  i s  
general l y considered  acceptable.  Th is  rati o  normal l y corresponds  to  a s i gnal - to-A-weighted  
no ise  rat io  ( the  s i gnal  l eve l  be ing  measured  on  a  PPM)  of  between  30  dB  and  40  dB,  
depend ing  on  the  no ise  spectrum .  

Harris  and  Swenson  [6 ]  i nd icate  that  the  combined  effects  of  reverberati on  and  no ise  are  
complex,  and  can  depend  on  the  i nd ivi dual  talker and  l i s tener,  i ndependen t  of  conven tional  
measures  of  the  l i s tener's  heari ng  s tatus.  I n  general ,  moderate  to  severe  heari ng  loss  resu l ts  
i n  g reat  sens i t i vi ty to  reverberati on  i n  the  presence  of  no ise,  and  i n  cases  of  severe  loss ,  
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reverberati on  by i tse l f  i s  very destructi ve  of  i n tel l i g ibi l i ty.  I t  i s  therefore  essen tial  to  m in im ize  
the  reverberation  con ten t  of  the  s i gnal  appl i ed  to  the  loop.  

1 0.3.21  HLS for  pu rposes other than  assisted  hearing  

HLS are  i ncreas ing l y being  used  for communicati on  wi th  persons  of  normal  heari ng ,  for  
example  for  pri vate  s i gnal l i ng  to  staff  and  for commentaries  at  exh ibi t i ons.  For speech-on l y 
communicati on ,  there  i s  no  reason  to  extend  the  frequency response  of  the  system  above  
5  kHz  (compare,  for  example,  the  publ ic  te lephone  system  bandwidth  of  3 , 4  kHz,  and  that  of  
AM  rad io  of  l ess  than  4, 5  kHz) .  I n  some cases,  however,  real i st ic  music  reproducti on  i s  
requ i red ,  wh ich  demands  equal i zation  i n  the  receiver.  An  extended  overal l  bandwidth  can  
then  be  obtained  wi thou t  extend ing  the  bandwidth  at  the  send ing  end  ( i . e.  s ti l l  al lowing  the  
magnetic  f i e l d  s treng th  to  fal l  by 3  dB  at  5  kHz) ,  by re laxing  the  equal i zation  above  5  kHz.  
Th is  reduces  the  s i gnal - to-magnetic  no ise  rati o  at  very h i gh  frequencies ,  wh ich  i s  rarel y a  
problem ,  whereas  extend ing  the  bandwid th  at  the  send ing  end  can  cause  i ncreased  EMC 
problems.  

1 0.4  System  components  

1 0.4. 1  Final  ampl i fiers  

NOTE  1  The  term  " f i nal  ampl i f i er"  i s  used  i n  preference  to  "power ampl i f i er"  because  the  functi on  of  the  ampl i f i er 
i s  not  primari l y  to  de l i ver power to  the  l oad.  

NOTE  2  The  term  " i n teg rated  ampl i f i er"  i s  u sed  to  mean  a  combinati on  of  a  f i nal  ampl i f i er  and  a  preampl i f i er  o r  
m i xer i n  the  same enclosu re.  

Distort ion  shou ld  not  be  a problem  wi th  modern  ampl i f i ers  of  good  des ign ,  provided  c l i pping  
does  not  occur.  I n  the  working  range,  the  total  harmon ic  d istort i on  shou ld  not  exceed  1  %  
under any cond i ti ons,  or  5  % i f  AGC or "soft  c l i pping "  i s  used .  

NOTE  3  See  al so  Annex E .  

I n  connecti on  wi th  the  need  to  provide  su ffi cient  vo l tage  and  curren t  to  the  l oop,  i t  i s  importan t  
that  bu i l t- i n  protection  ci rcu i ts  i n  the  ampl i f i er  do  not  mal function ,  so  reducing  the  maximum  
vol tage  and/or cu rren t  avai lable  to  meet  the  requ i rements  of  h i gh l y reacti ve  l oads  associated  
wi th  l oops  of  l ow normal i zed  res istance.  A method  of  determ in i ng  th is  i s  g i ven  i n  I EC  60268-3  
(see  also  Baxandal l  [7] ) .  

To  reduce  the  ri sk of  hum  problems  due  to  earth  loops,  the  connection  of  the  safety earth  
conductor to  the  metalwork of  a  safety class  I  ampl i f i er  shou ld  not  be  shared  wi th  any other  
connecti on ,  l east  of  al l  a  h igh -curren t  return  connecti on  for  the  power suppl y.  Any swi tch ing ,  
or  removable  l i nks,  i n tended  to  separate  " techn ical "  and  "safety"  earths,  shou ld  not  
comprom ise  safety.  

Except  for  household  systems,  i npu ts  for m icrophones  shou ld  preferabl y be  balanced ,  and  
shou ld  preferabl y employ magnetical l y-screened  transformers,  al though  properl y des igned  
e lectron ical l y balanced  c i rcu i ts  are  also  satisfactory.  S ignal  i nd icators  shou ld  be  provided  for  
i npu t  s i gnals,  and  for the  ou tpu t  curren t.  Preferabl y,  the  ou tpu t  cu rren t  i nd icator shou ld  show 
whether the  curren t  i s  wi th i n  the  necessary range,  e i ther by means  of  a  meter or  bar-graph  
d isplay wi th  scale  marks  set  on  comm ission ing ,  or  by means  of,  for  example,  th ree  i l l um inated  
i nd icators  wi th  d i fferen t,  pre-set  sens i t i vi ti es .  An  i nd icator l i g h t  shou ld  also  be  provided  to  
show that  mains  power i s  "on ".  Provis i on  shou ld  be  made for  mon i tori ng  the  s ignal  curren t  i n  
the  l oop  us ing  headphones  and/or  a l oudspeaker.  

1 0.4.2  Preampl i fi ers  and  mixers  

I npu ts  for m icrophones  shou ld  preferabl y be  balanced ,  and  shou ld  preferabl y employ 
magnetical l y-screened  transformers,  al though  properl y des i gned  electron ical l y balanced  i npu t  
ci rcu i ts  are  also  satisfactory.  Phantom  power shou ld  be  provided  for capaci tor m icrophones  
that  requ i re  i t.  The  use  of  user-variable  tone  con trols  on  i nd i vi dual  channels  shou ld  be  
m in im ized ;  equal i zer  con tro ls  shou ld  be  set  and  l ocked  on  comm ission ing .  Where  a  g raph ic  or  
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parametric  equal i zer i s  provided,  e i ther bu i l t- i n  or  as  a  separate  un i t,  the  con trols  shou ld  also  
be  set  and  l ocked.  The  same appl i es  to  contro ls  for gain  (except  where  an  operator con tro ls  
the  system ) ,  AGC and  l im i ti ng .  S ignal  l evel  i nd ication  shou ld  be  provided  to  g i ve  assurance  o f  
correct  operation  of  AGC.  S ignal  l evel  meteri ng  shou ld  have  PPM  characterist ics;  i t  i s  usual l y 
not  necessary to  use  true  RMS metering .  

I f  any bu t  the  s implest  system  is  requ i red  to  work for more  than  approximatel y 24  h  wi th  no  
operator  presen t,  voice  con trol  and  or  no ise  gati ng ,  together  wi th  AGC  are  recommended.  

Connectors  for  l ow- level  ci rcu i ts  shou ld  preferabl y be  of  the  noble  metal  p lated  type.  

1 0.4.3  Signal  sources  

1 0.4.3. 1  General  

The prime  techn ical  obj ecti ves  of  an  HLS are  the  improvement i n  the  s i gnal  to  no ise  rat io  and  
d i rect- to-reverberan t  rati o,  i n  order to  improve  the  i n te l l i g ibi l i ty for the  heari ng  aid  user.  As  
such ,  the  cho ice  of  the  aud io  source  and  the  choice  and  pos i t ion ing  of  m icrophones  are  of  
paramount  importance.  

1 0.4.3.2  Connection  to  television  sets  

Some te levis i on  sets  have  the  c i rcu i ts  i n  e l ectrical  con tact  wi th  the  mains  suppl y.  Un less  the  
receiver  has  external  connecti ons  for  loudspeakers  or l i ne- l evel  aud io  ou tpu t,  i t  i s  essen tial  
that  no  attempt  i s  made  to  connect  an  HLS to  i t  e l ectrical l y wi thout  f i rst  consu l t i ng  the  
manufacturer,  as  the  safety cert i f ication  of  the  receiver  wou ld  be  vi o lated  and  a  fatal  accident  
cou ld  resu l t.  HLS ki ts  wh ich  use  a  m icrophone,  or  o ther non-contact  means  of  obtain i ng  the  
aud io  s ignal  can  be  used,  i n  accordance  wi th  the  manufacturer's  i nstructi ons ,  wi thout  safety 
hazard.  

1 0.4.3.3  In terconnection  wi th  sound  reinforcement  systems 

Where  the  room  confi gu rati on  i s  constan t,  i t  can  be  satisfactory to  deri ve  the  s i gnal  for  the  
HLS from  a sound  re in forcement  system .  I f  so ,  i t  shou ld  be  derived  from  a l ow- level  ou tpu t  on  
the  m ixer or  ampl i f i er  of  the  sound  re i n forcement system .  I f  the  loop ampl i f ier  i s  remote  from  
the  sound  re i n forcement  ampl i f i er,  i t  can  be  necessary to  i ncl ude  a  balanced  l i ne  dri ver near  
the  sound  rei n forcement ampl i f i er  and  use  a  balanced  in terconnecti ng  cable.  Level  
ad j ustment  shou ld  be  i ndependent  of  that  of  the  sound  system ,  and  the  HLS s ignal  shou ld  not  
be  subj ect  to  the  sound  system  equal i zation  for  the  room  characteristic.  I t  shou ld  be  made  
d i ff icu l t  to  swi tch  off  i nadverten tl y,  or  to  fade  down  the  feed  to  the  HLS.  Makesh i ft  methods,  
such  as  p lacing  a  m icrophone  i n  front  of  a  l oudspeaker,  shou ld  not  be  used  i n  a  permanen t  
i nstal lati on .  

1 0.4.3.4  In terconnection  wi th  voice alarm  systems 

Where  the  HLS i s  used  as  a supplementary alarm  device  to  reproduce  messages  or s ignals  
from  a vo ice  alarm  system ,  provis i on  shou ld  be  made to  s i l ence  or override  al l  other i npu t  
s i gnal  i npu ts  for the  du rati on  of  the  vo ice  alarm  message.  Some HLS ampl i f i ers  have  th is  
feature  bu i l t- i n  wh i l e  others  requ i re  add i t i onal  equ ipment for th is  pu rpose.  A vo ice  alarm  
system  shou ld  provide  both  an  aud io  s i gnal  connection  and  a contro l  connection  (usual l y a  
swi tched  DC  vol tage)  to  the  HLS.   

The  HLS shou ld  also  provide  an  i nd icati on  to  the  vo ice  alarm  system  that  the  ampl i f i er  i s  
working  correctl y and  that  curren t  i s  f l owing  i n  the  loop.  Th is  i s  usual l y provided  by vo l ts - free  
con tacts  that  open  when  a fau l t  i s  detected.  

1 0.4.3.5  Use and  si t ing  of  microphones  

For the  best  poss ible  i n te l l i g i bi l i ty,  the  m icrophone  shou ld  be  as  c lose  to  the  talker’s  mou th  as  
poss ible,  for  example  by use  of  a  headset  m icrophone  wh ich  can  be  a  wi reless  m icrophone.  
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Where  the  talker pos i t i on  i s  pred ictable,  the  m icrophone  shou ld  be  securel y f i xed  and  
main tained  i n  pos i t i on .  

Especial l y where  the  room  configurati on  changes,  i t  can  be  necessary to  provide  one  or more  
m icrophones,  and  a  m ixer or  m ixing  ampl i f i er,  for  the  HLS alone.  Such  m icrophones  shou ld  be  
chosen  and  s i ted  wi th  a vi ew to  obtain ing  as  much  d i rect  sound  from  the  orig inal  sou rces  as  
poss ible ,  and  a  un i form  loudness  balance  i f  there  are  several  sources.  D i rectional  
m icrophones  normal l y g i ve  better  resu l ts  than  omn id i rectional  types;  h igh l y d i recti onal  
m icrophones  requ i re  cons iderable  ski l l  and  experience  i n  order to  ach ieve  cons istent  
l oudness,  u n less  the  s i gnal  l evels  are  conti nuous l y mon i tored  and  ad j usted .   

M icrophones  shou ld  be  l ocated  so  as  to  have  a c lear  "view"  of  the  source  they are  i n tended  to  
cover,  and  shou ld  be  located  away from  ai r  cond i t i on ing  g ri l l es,  fans,  strong  ai r  currents  or  
other poten tial  sources  o f  acoustic  no ise  pick-up,  for  example  f l uorescen t  or  theatre  l i gh ting ,  
and  vi deo  projectors .  

I n  order to  avoid  i n troducing  aud ibl y de layed  s ignals ,  the  d i fference  in  path  leng ths  between  
any source  and  the  two  nearest  m icrophones  shou ld  not  exceed  5  m  for music  or  8  m  for 
speech .  Ad jacen t  m icrophones  shou ld  not  i n  general  be  c l oser together than  th ree  t imes  the  
d istance  between  the  m icrophone  and  the  source  of  sound .  

M icrophones,  except  wi re less  m icrophones,  requ i ring  i n ternal  batteri es  shou ld  not  be  used ,  
because  of  the  i nconven ience  of  replacing  them  and  the  impai rmen t  of  re l iabi l i ty of  the  system  
consequent  on  fai l u re  to  replace  them  before  thei r  end  of  l i fe .  M icrophones  vary g reatl y i n  
the i r  susceptibi l i ty to  p i cking  up  the  magnetic  f i e l d  of  the  l oop.  Particu larl y for dynam ic 
m icrophones  having  a non-metal l i c  case,  a  test  for  magnetic  p ick-up shou ld  be  carried  ou t  
un less  the  manu factu rer provides  adequate  assurance  of  immun i ty.  

I f  there  i s  no  f i xed  pos i ti on  for a  talker i n  the  space,  i t  i s  advisable  to  cons ider wi re less  
m icrophones  or  mu l t i p le  m icrophones  and  su i table  aud io  processing  such  as  manual  
swi tch ing ,  no ise  gates  or  au tomatic  m ixers  to  m in im ize  no ise.  Where  ques tions  or comments  
from  an  aud ience  are  to  be  relayed  via the  HLS,  special l y pos i t ioned  s tand  m icrophones  or  
hand-held  m icrophones  managed  by s taff  shou ld  be  used .  I t  i s  usual l y necessary to  provide  a  
separate  pre-ampl i f ication  channel  for  each  of  these  m icrophones,  and  for an  operator to  
con trol  the  channel  gai ns  when  the  m icrophones  are  i n  use.  

I f  separate  m icrophones  are  requ i red  for  the  HLS,  su i table  m icrophone  s i tes  and  appropriate  
types  of  m icrophone  shou ld  be  chosen ,  as  far as  poss ible,  during  the  i n i t i al  assessment,  i n  
l iaison  wi th  the  occupier of  the  bu i l d ing ,  arch i tect,  etc.  Al ternative  s i tes  can  requ i re  evaluati on  
wi th  the  tr ial  l oop and  an  i nduction - loop mon i tor  receiver.  

I t  i s  essen tial  that  the  s i gnal  del i vered  to  heari ng  aid  users  i s  as  free  from  reverberati on  and  
no ise  (as  wel l  as  other forms  of  degradati on)  as  poss ible.  Th is  i s  because  the  s i ng le-channel  
nature  of  the  HLS preven ts  the  l i s tener us ing  the  mechan isms  of  the  ear-brain  system  to  
d ist i ngu ish  wanted  sounds  from  unwanted.  M icrophones  shou ld ,  therefore,  be  pos i t i oned  as  
close  to  the  ori g i nal  source(s)  of  sound  as  poss ible,  and  the  ou tpu t  s i gnal  of  each  m icrophone  
shou ld  be  checked  by l i sten ing  for absence  of  reverberati on  and  no ise  (short  of  be ing  
completel y anechoic)  at  an  earl y stage,  so  that  any unsatisfactory performance  can  be  
corrected .  The  use  of  appropriate  equal i zati on  on  an  i nd ivi dual  m icrophone  channel  can  
cons iderabl y he lp  to  reduce  unwan ted  room  effects  and  l ow frequency acoustic  no ise  
transm ission .  

1 0.4.3.6  M icrophone accessories  

HLS m icrophones  shou ld  be  mounted  to  m in im ise  vi brati on ,  impact  or  s im i lar d i s turbance  
(e i ther acciden tal  or  de l i berate) ,  because  heari ng  aid  users  can  be  s i gn i f i can tl y d i s turbed  by 
f loor no ise  and  no ise  generated  by kicks  and  hand l i ng .  M icrophones  are  very susceptible  to  
accidental  damage and  vandal i sm ,  so  they shou ld  be  secured  against  u nau thori zed  access,  
especial l y when  the  HLS  i s  l eft  unattended.  
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HLS  m icrophones,  except  wi re less  m icrophones,  shou ld  not  normal l y be  provided  wi th  a  
swi tch  access ible  to  the  m icrophone  user,  because  of  the  l ikel i hood  of  i ncorrect  operati on .  An  
exception  can  be  made i f  on l y properl y trained  persons  use  the  m icrophones,  and  the  swi tch  
i s  not  bu i l t  i n to  or  mounted  d i rectl y on  the  m icrophone.  

1 0.4.3.7  Use of  several  microphones  

I n  general ,  the  fewer the  number of  m icrophones  in  operati on  at  any one  time  the  better the  
clari ty and  i n te l l i g i bi l i ty of  the  wan ted  s ignal  becomes.  M icrophones  wh ich  are  not  d i rectl y  
p icking -up  the  wanted  s i gnal  shou ld  be  swi tched  off.  M icrophone  ampl i f iers  wh ich  i nclude  
vo ice  swi tch ing  or no ise  gating  are  extremel y usefu l  when  more  than  one  or two  m icrophones  
are  needed  and  a  trai ned  operator i s  not  cons isten tl y avai lable.  

For systems  accord ing  to  C lause  9  a) ,  the  m icrophone  i s  usual l y contained  wi th in  the  device.  
For systems  accord ing  to  Clause  9  b) ,  m icrophones  are  used  for counter systems,  wi th  
part icu lar atten tion  to  coun ters  where  the  server and  customer are  separated  by g lass  and  the  
need  for  the  heari ng  ai d  user to  hear a  proporti on  of  the i r  own  voice  to  he lp  regu late  thei r  
speech ;  for help  po in ts  and  s ignage,  the  aud io  source  i s  usual l y taken  d i rectl y from  the  
l oudspeaker or  publ ic  address/voice  alarm  system  (see  1 0. 4. 3 . 3) .  

Where  several  m icrophones  are  used  in  a  space  or the  talkers  move  to  set  l ocations  wi th in  a  
space  (such  as  places  of  worsh ip) ,  the  use  of  several  open  m icrophones  i ncreases  the  
background  no ise,  thus  l owering  the  i n te l l i g ib i l i ty of  the  system .  

For theatres,  c inemas  and  places  of  worsh ip,  i t  i s  advisable  to  cons ider  an  aud ience- response  
m icrophone  for ambience  between  even ts  and  to  reassure  users  the  HLS i s  i n  operati on .  Th is  
ambien t  i npu t  can  be  passed  through  an  overridable  channel  to  prevent  the  performance  
system  aud io  being  picked  up  by th is  ambien t  i npu t  and  thus  reducing  the  i n te l l i g ib i l i ty.  

I n  smal l  to  medium -si zed  meeting  rooms,  a  boundary- layer m icrophone  l ocated  central l y on  
the  meeting  table  or  on  the  cei l i ng  immed iatel y above  i t  can  prove  more  effecti ve  than  four  or  
f i ve  s imu l taneous l y operati ng  card ioi d  table  m icrophones .  However,  the  maximum  d istance  
over  wh ich  such  a  device  operates  effecti vel y i s  l i kel y to  be  approximate l y 3  m  on l y.  To  
improve  the  d i rect- to-reverberant  sound-pressure  l evel  rat io  at  l arger d istances  than  th is ,  the  
use  of  a  g reater number of  l ocal  m icrophones  shou ld  be  cons idered ,  wi th  the  abso lu te  
m in imum  number  of  m icrophones  be ing  i n  operati on  at  any g i ven  t ime.  

1 0.4.3.8  Distance between  the m icrophone and  the source  of  sound  

I t  i s  essen tial  that  the  s i gnal  del i vered  to  heari ng  aid  users  i s  as  free  from  reverberati on  and  
no ise  (as  wel l  as  other forms  of  degradation)  as  poss ible.  

M icrophones  shou ld  be  pos i t i oned  as  cl ose  to  the  orig i nal  source(s)  of  sound  as  poss ible ,  and  
the  ou tpu t  s i gnal  of  each  m icrophone  shou ld  be  checked  by l i s ten ing  for su ffi cientl y l ow l evels  
of  reverberation  and  no i se  at  an  earl y stage,  so  that  any unsatisfactory performance  can  be  
corrected .   

Al though  i t  i s  not  poss ible  to  g i ve  numerical  des i gn  procedures  for determ in ing  the  maximum  
perm iss ible  d istance  between  an  HLS m icrophone  and  the  wanted  sou rce  of  sound ,  two  
primary factors  shou ld  be  j o in t l y taken  i n to  account,  i . e.  g eneral  no ise  and  room  
reverberati on .   

For talker- to-m icrophone  d istances  larger than  3  m ,  use  of  a  number of  l ocal  m icrophones  
shou ld  be  cons idered  to  improve  the  d i rect- to-reverberant  sound-pressure  l evel  rat io ,  wi th  the  
absolu te  m in imum  number of  m icrophones  being  i n  operati on  at  any g i ven  t ime.  

Ad jacent  m icrophones  shou ld  not  i n  general  be  c loser together than  th ree  times  the  d istance  
between  the  source  of  sound  and  the  c losest  m icrophone.  
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NOTE  1  The  fu rther a  m i crophone  i s  l ocated  away from  the  sound  sou rce,  the  weaker the  wan ted  s i g nal  becomes.  
Th i s  effect i vel y  reduces  the  s i gnal - to -noi se  rati o  and  al so  reduces  the  d i rect- to- reverberan t  sound  pressu re  l evel  
rat i o .   

The effects  of  reverberation ,  however,  are  add i t i ve  to  no ise,  and  tend  to  reduce  the  d is tance  
sti l l  fu rther.  For effecti ve  speech  i n te l l i g ib i l i ty,  a  d i rect- to-reverberant  rat io  g reater than  0  dB i s  
necessary for oto log ical l y-normal  l i s teners.  For hearing  impai red  l i steners,  a  d i rect- to-
reverberan t  sound  pressure  level  ratio  of  at  least  +6  dB  i s  usual l y necessary bu t  th is  i s  h i gh l y 
dependen t  upon  a number of  factors  i nclud ing  s i ze,  shape,  volume  and  reverberation  t ime  of  
the  room ,  and  the  characteristics  of  any ref lect ing  surfaces.   

NOTE  2  For  example  i n  an  aud i tori um  wi th  a  vol ume of  3  000  m 3  and  a  reverberat i on  t ime  of  1 , 5  s ,  the  maximum  
acceptabl e  d i s tance  wi th  two  card io i d  m i crophones  operati ng  m igh t  be  as  l i t t l e  as  4  m  to  5  m .  

The d i rectional  characteristics  (somewhat i deal i zed)  of  some common  types  of  m icrophone  
are  shown  i n  F igures  1 8  to  24.  The  h ypercard io id  characteris t ic  g i ves  the  maximum  rejecti on  
of  reverberan t  sound  of  al l  s imple  m icrophones,  wh i l e  the  supercard ioi d  characteris tic  g i ves  
the  maximum  ratio  of  fron t  to  random  energy effi ciency.  The  d i rectional  characteris tics  of  
h igh l y-d i recti onal  or  shotgun  i n terference- tube  ri f l e  m icrophones  vary cons iderabl y wi th  
frequency (see  Fi gu res  22  to  24) ,  and  they m ight  therefore  p ick up  considerable  l ow-
frequency reverberati on :  th is  can  be  reduced  by the  carefu l  use  of  equal i zation .   

 
 

Figure 1 8  – Horizontal  d i rectional  
response of  an  omni -d i rectional  

microphone  wi th  i ts  axis  vertical :  decibel  
scale  

Figure 1 9  – Di rectional  response  of  a  
card ioid  microphone:  decibel  scale  
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NOTE  Some  m i crophones  of  th i s  type  have  an  
approximately  card i o i d  response  (see  Fi g u re  1 8 )  at  
l ow frequenci es.  

NOTE  Some  m icrophones  of  th i s  type  have  an  
approximately  card i o i d  response  (see  Fi g u re  1 8 )  at  
l ow frequenci es.  

Figure 20  – Di rectional  response of  a  
supercard ioid  m icrophone:  decibel  scale  

Figure 21  – Di rectional  response of  a  
hypercard ioid  m icrophone:  decibel  scale  

 

 

Figure 22  – Di rectional  
response of  a  h igh ly 

d i rectional  shotgun  (ri fle)  
microphone where  

f =  250  Hz  and  barrel  
length  i s  275  mm  

Figure 23  – Di rectional  
response  of  the same 
microphone where  

f =  2 ,5  kHz  

Figure 24  – Di rectional  
response of  the same 
microphone where  

f =  1 0  kHz  

A type  of  m icrophone  wh ich  has  low sens i t i vi ty to  reverberant  sound  i s  the  boundary- layer 
(pressure-zone)  m icrophone,  i n  wh ich  the  m icrophone  capsu le  i s  moun ted  very c lose  to  a 
p lane  reflect ing  surface,  suppl ied  as  part  of  the  m icrophone.  These  m icrophones  are  des igned  
to  be  p laced  i n  con tact  wi th  a  large  f lat  surface,  and  owe thei r  reduced  sensi t i vi ty to  
reverberati on  to  the  conf i nement  (by the  l arge  f l at  surface)  of  the  d i rectional  response  i n  th ree  
d imens ions  to  hal f-space,  i nstead  of  the  fu l l -space  wh ich  appl ies  to  o ther types  of  
m icrophone.  The  bas ic  d i rectional  characterist ic  of  the  m icrophone  capsu le  can  be  omn i -
d i rectional ,  i n  wh ich  case  the  th ree-d imens ional  d i rectional  characteris tic  i s  a  hem isphere,  or  
a  card io i d ,  g i ving  a th ree-d imens ional  pattern  i n  the  form  of  a  hal f-card io id  of  revo lu t i on .   

Fi gu re  25  shows  the  re lat i ve  d is tances  from  the  source  of  sound  at  wh ich  d i fferent  types  of  
m icrophone  can  be  operated,  for  a  g i ven  d i rect- to-reverberan t  sound  pressure  level  rat io .  I t  i s  
important  to  m in im ize  the  actual  d is tance  in  al l  cases,  bu t  wi th  a m in imum  d istance  of  
approximate l y 300  mm ,  be low wh ich  breath  no ise,  co loration  and  l arge  variations  i n  s ignal  
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l evel  wi th  smal l  changes  i n  d i stance  can  lead  to  degradati on  of  i n te l l i g ib i l i ty.  Further  
i n formation  i s  g i ven  i n  Annex  G .  

NOTE  3  F i g ures  27  to  30  show typi cal  examples  of  good  and  bad  m icrophone  pos i t i on i ng .  

D i stances  i n  metres   

 

Figure 25  – Relative  operating  d istances  of  d i rectional  microphones  
for  equal  d i rect-to-reverberant  signal  ratios  

Table  2  – Relative  operating  d istances of  d i rectional  m icrophones 
for  equal  d i rect-to-reverberant  signal  rat ios  

Type of  m icrophone  Distance relati ve to  that  o f  an  omni -
d i rectional  m icrophone  

Approximate  ang le  between  the  
d i rections at  wh ich  the  response i s  
−3  dB  relati ve to  the  axial  response  

Omni -d i recti onal  1 , 0  ×  360°  

Card io i d  1 , 7  ×  1 30°  

Supercard io i d  1 , 9  ×  1 1 5°  

Hypercard io i d  2 , 0  ×  1 05°  

Shotgun  Depends  on  the  f requency and  des i gn  
of  the  m icrophone  

Depends  on  the  f requency and  des i gn  of  
the  m icrophone  

 

 

a)  M icrophones posi tioned  i n  accordance wi th  the 3- to-1  ru le,  using  card ioid  m icrophones  
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b)  Al ternate  pl acement  using  two  omnid i rectional  m icrophones  

Figure 26  – Two methods of  posi tion ing  microphones  on  a  conference table  

 

D imensions  i n  m i l l imetres  

 

Figure 27 – The  3-to-1  ratio  for  microphone posi t ion ing  (normal )  

 

Dimensions  i n  m i l l imetres  

 

Figure 28 – A reduced  3-to-1  ratio  using  ang led  microphones  
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Dimensions  i n  m i l l imetres  

  

Bad  Bad  

  

Good  Good  

Figure 29  – I l lustrations  of  good  and  bad  m icrophone placements  

The  sound  wave  refl ected  from  a desk top can  i n terfere  wi th  the  d i rect  sound  (as  shown  i n  
Fi gu re  30)  wh ich  shou ld  be  taken  i n to  cons iderati on .  Th is  effect  can  cause  considerable  
unevenness  i n  the  frequency response  above  1  kHz,  wh ich  can  be  m in im ized  by pos i t i on i ng  
the  m icrophone  at  least  1 50  mm  above  the  su rface.  I t  can  be  he lpfu l  to  cover the  part  of  the  
desk top around  the  m icrophone  wi th  a  layer  of  soft  material .  

Dimensions  i n  m i l l imetres  

 

Figure 30  – Optimization  of  the  height  of  the  m icrophone above the  table  

1 0.5  Objective  measurement  of  in tel l ig ibi l i ty 

Several  methods  currentl y exist  of  objecti ve l y measuri ng  speech  i n te l l i g ibi l i ty,  one  of  wh ich  i s  
the  speech  transm ission  i ndex  (STI )  (as  described  i n  I EC  60268-1 6) .  The  STI  method  can  be  
used  to  measure  the  poten tial  i n te l l i g i bi l i ty of  an  HLS,  by us ing  a  cal i brated  te lecoi l  rece iver  
i nstead  of  a  measuri ng  m icrophone.  For hard-of-hearing  users,  an  STI  value  of  at  least  0 , 65  i s  
normal l y the  m in imum  acceptable  leve l .  The  STI  techn ique  takes  i n to  account  both  
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reverberati on  and  no ise,  bu t  not  perceptual  effects  associated  wi th  heari ng  l oss;  re levant  
research  i s  on-go ing .  The  techn ique  presupposes  that  the  HLS meets  the  frequency response  
cri teri on  of  a  maximum  variat ion  of  ±3  dB over the  range  1 00  Hz  to  5  kHz.  

The  recommended  procedure  i s  to  use  the  STIPA method  (described  i n  I EC 60268-1 6)  wi th  
acoustic  i npu t.   

1 0.6  Safety and  rel iabi l i ty considerations  

I n  the  des ign  and  i nstal lation  of  an  HLS,  emphas is  shou ld  be  p laced  on  the  safety and  
re l i abi l i ty of  the  system .  I t  i s  essential  that  the  completed  HLS shou ld  not  create  a  safety 
hazard  to  e i ther those  working  i n  or  those  us i ng  the  bu i ld i ng  i n  wh ich  the  system  has  been  
i nstal l ed .  E lectron ic  equ ipment used  i n  HLS shou ld  conform  to  I EC 62368-1 .  For exposure  to  
e lectromagnetic  f i e lds ,  see  I EC  62489-2.  

A portable  or  mobi le  HLS (see  C lause  9) ,  wh ich  i s  l i kel y to  be  hand led  frequentl y,  usual l y 
requ i res  the  use  of  cables  wh ich  are  particu larl y f lexible  and  res istant  to  conductor damage  
due  to  bend ing .  

1 0.7  Design ing  for  moni toring  and  maintenance 

The system  des igner  shou ld  speci fy the  number and  type  of  i nducti on- loop mon i tor  receiver(s)  
(see  Annex A)  to  be  suppl ied  wi th  the  system ,  together wi th  the  s i t i ng  of  any f i xed  receiver(s) .  

The  system  des igner shou ld  also  ensu re  that  the  system  is  des i gned  so  that  main tenance  
requ i rements  are  m in im ized  and  are  as  s imple  as  poss ible .  I t  can  be  false  economy,  for 
example,  to  speci fy i nexpens ive  m icrophone  cables  and  connectors,  i f  they prove  to  requ i re  
frequent  repai r.  

Adequate  main tenance  i n formation  shou ld  be  suppl ied  to  the  purchaser  of  the  system .  

1 0.8  External  factors  

1 0.8. 1  Magnetic  noise in terference  

Magnetic  f i e l ds  rad iated  from  electric  transport  veh icles  and  systems,  mains  power cables  and  
overhead  and  underground  power l i nes  or cables  and  equ ipment can  be  picked  up i n  most  
bu i l d ings  on  a hearing  aid  swi tched  for use  wi th  a  l oop system  (T  pos i t i on) .  Where  the  f ie ld  i s  
at  a  l ow l evel  of  i n tens i ty,  i t  i s  not  normal l y troublesome.  However,  under certai n  
ci rcumstances  the  f i e ld  s treng th  can  be  su ffi cientl y h i gh  to  i n terfere  wi th  the  s i gnal  p icked  up 
from  the  i nduction- loop,  causing  annoyance  to  the  l i stener  and  i n  some cases  making  i t  
impossible  to  use  the  l oop system .  Serious  magnetic  i n terference  can  be  caused  by the  
separati on  of  l i ve  and  neu tral  conductors  (or  of  phase  conductors)  of  mains  ci rcu i ts,  wh ich  i s  
particu larl y found  i n  o l d  bu i l d ings  where  numerous  changes  have  been  made to  e lectrical  
i nstal lati ons.  Magnetic  i n terference  i s  also  a  problem  in  newer  bu i ld i ngs  where  l oop c i rcu i ts  
have  been  i nstal l ed  i n  rooms  wi th  suspended  ce i l i ngs  and  the  f l uorescen t  l i gh t ing  c i rcu i ts  
have  an  in terl i nked  neutral  i ns tead  of  each  l i gh ti ng  c i rcu i t  having  an  i nd i vidual  neu tral .  Such  
wi ri ng  i s  not  i n  accordance  wi th  power instal lati on  requ i rements  based  on  
IEC  60364 (al l  parts) .  Other  examples  of  sources  of  magnetic  i n terference  are  f l uorescent  and  
other types  of  d ischarge  lamps,  e lectron ic  l amp d imm ing  systems  and  fau l ty mains  power 
wi ri ng .  

For the  l im i ts  on  magneti c  no ise  level ,  see  I EC 601 1 8-4.  

NOTE  I t  can  be  impossible  to  test  or to  pred i ct  the  magneti c  i n terference  i n  new bu i l d i ngs  un ti l  these  are  
completed  and  the  e l ectri cal  i n stal l at i on  i s  i n  use.  
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1 0.8.2  Effect  of  metal  in  the bu i ld ing   

The performance  of  the  HLS can  be  serious l y degraded  i f  there  i s  metal  (wh ich  m igh t  be  
concealed)  i n  the  bu i l d i ng .  Local  degradation  of  the  performance  can  also  occur near l arge  
metal  objects  or  constructi ons  wi th in  the  coverage  area.  For new bu i l ds ,  the  bu i ld i ng  
des igners  shou ld  provide  detai l ed  d rawings  and  i n formation  regard ing  s tructu ral  metal  and  
sheet  metal  i n  the  vic in i ty of  al l  HLS.  

Wh i le  the  degradati ons  are  d i ff icu l t  to  pred ict,  the  customer shou ld  be  made aware  of  the i r  
l i kel y or  poten tial  impact.  S i te  measurements  of  the  effect  of  metal  i n  the  bu i l d i ng  s tructure  on  
magnetic  f i e l ds  shou ld  be  considered  as  part  of  the  des ign  procedure,  and  any detrimental  
effects  reported  to  the  customer.  

1 0.9  Magnetic  f i eld  overspi l l  

Since  the  magnetic  f i e l d  produced  by an  i nducti on- loop  i s  not  en ti re l y conf ined  to  the  area 
wi th i n  the  l oop,  s ignals  can  be  picked  up  on  a  su i tabl y equ ipped  hearing  aid  or  receiver  
ou ts ide  the  room  or  the  bu i l d ing  i n  wh ich  the  l oop i s  i nstal l ed ,  or  even  i n  an  ad jacent  publ ic  
road  or area.  Care  shou ld  be  taken  to  ensure  that  confi den tial  i n formation  i s  not  fed  i n to  the  
HLS as  i t  can  be  poss ible  to  hear th is  i n formation  wi th  a su i table  receiver some d istance  
ou ts ide  the  loop.   

Th is  "overspi l l "  can  cause  d i ff icu l t i es  when  two  or  more  l oop systems  in  cl ose  proxim i ty to  
each  other are  i n  operati on  s imu l taneous l y,  as  l i s teners  to  one  of  the  loops  m igh t  also  hear  
overspi l l  s i gnals  from  the  other.  For example,  an  HLS i nstal led  i n  a  theatre  aud i tori um  m igh t  
i n terfere  wi th  the  i n te l l i g i bi l i ty of  an  HLS i nstal l ed  at  the  box  offi ce  ( i n terference  i n  the  other  
d i rection  i s  much  l ess  l i ke l y) .  

HLS  can  be  designed  to  g reatl y reduce  the  f ie l d  s treng th  ou ts i de  the  space  where  the  system  
is  i n tended  to  be  used.  I t  i s  not  practicable  to  recommend  l im i ts  on  overspi l l  f i e l d  streng th  as  
the  acceptable  s treng th  depends  on  many s i te-speci fi c  factors .  The  requ i rements  for overspi l l  
shou ld  be  speci f i ed  con tractual l y i n  each  case  i n  wh ich  i t  i s  necessary.   

1 0. 1 0  The role  of  the  system  designer in  commissioning  

I f  the  system  des igner supervises  the  comm ission ing ,  he  shou ld  work from  a check- l is t,  wh ich  
provides  a wri tten  record  of  the  procedu re  fo l lowed.  I f  the  comm ission ing  i s  undertaken  by 
someone  e lse,  the  system  designer shou ld  provide  a recommended  comm ission ing  procedure  
for the  benefi t  of  the  instal ler and  pu rchaser of  the  HLS.  Th is  shou ld  detai l  the  steps  i n  the  
procedure  so  that  the  comm ission ing  procedure  can  be  systematical l y and  correctl y carried  
ou t.  Speci f ic  po in ts  shou ld  be  h i gh l i gh ted  where  care  i s  necessary or  d i ff i cu l ty m ight  be  
experienced.  The  document shou ld  also  g i ve  the  fu l l  performance  speci f ication ,  wi th  reference  
to  th is  document,  to  wh ich  the  system  is  expected  to  conform  and  detai l s  of  the  veri f i cati on  
tests  wh ich  shou ld  be  carri ed  ou t.  

1 1  Responsibi l i ty of  the instal ler  

The work associated  wi th  i nstal l at ion  of  the  HLS  equ i pment  i n  a  bu i ld i ng  m ight  be  undertaken  
by the  same organ i zati on  that  des igned  the  system  or by a d i fferen t  organ i zation .  For 
example,  the  des igner and  i nstal l er  m ight  be  a s i ng le ,  special i st  HLS contractor.  Al ternativel y,  
the  pu rchaser m igh t  be  respons ible  for the  des ign  of  the  HLS (wh ich  m ight  be  undertaken  by 
consu l tan ts  acti ng  on  behal f  of  the  purchaser) ,  and  the  design  m ight  then  be  communicated ,  
by means  of  a  speci f ication  and/or drawings,  to  a  special ist  HLS contractor  or  to  an  e lectrical  
i nstal l ati on  contractor,  wh ich  wou ld ,  i n  e i ther case,  then  be  responsible  for  i nstal l ation .  

Various  contractual  arrangemen ts  are  poss ible  bu t  i t  i s  important  that  one  organ i zati on  i s  
respons ible  for compl iance  wi th  th is  documen t and  that  th is  responsibi l i ty i s  ag reed  prior to  
the  s tart  of  the  i nstal l at i on  contract.  
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I t  i s  not,  i n  general ,  the  respons ibi l i ty of  the  i nstal ler  to  check or veri fy whether the  des ign  of  
the  system  compl i es  i n  fu l l  wi th  these  recommendations ,  u n less  the  i nstal ler  i s  also  the  
des igner.  The  respons ibi l i ty of  the  i nstal ler i s  to  i nstal l  the  system  in  accordance  wi th  the  
requ i rements  of  the  des ign  speci f ication  and  to  fo l l ow good  practice  i n  the  i nstal lation  work.  
However,  i n  practice,  compl iance  wi th  a number  of  the  recommendations  impacts  on  both  
des ign  and  i nstal lation ,  and  m igh t,  therefore,  be  delegated  by the  des igner  to  the  i nstal ler,  
provided  the  responsibi l i ty for compl iance  i s  clear i n  any speci f ication  or contract,  that  the  
i nstal l er i s  competen t  to  address  the  i ssues  and  that  the  respons ibi l i ty i s  accepted  by the  
i nstal l er.  For example,  the  des igner  can  delegate  decis ions  regard ing  cable  rou tes  to  the  
i nstal l er,  by s imple  reference  in  the  design  to  compl y wi th  Clause  1 1 .  

At  the  design  s tage,  the  des igner m igh t  have  inadequate  i n formation  to  enable  compl iance  
wi th  al l  the  recommendations.  For example,  drawings  on  wh ich  the  design  i s  based  m igh t  not  
show su ffi c ien t  i n formation  abou t  s tructural  featu res  or f i nal  f i t t i ngs  of  the  bu i l d i ng  to  enable  
the  des ign  to  conform  to  IEC 601 1 8-4  i n  respect  of  f i e l d  streng th  and  bandwid th .  Accord ing l y,  
i t  i s  often  necessary for compl iance  wi th  certai n  recommendations,  or  veri f icati on  of  
compl iance,  to  rest  wi th  an  instal ler.  

Even  though  i den ti f icati on  of  des ign  shortcom ings  i s  not  general l y the  responsibi l i ty of  an  
i nstal l er,  good  practice  d i ctates  that,  i f  the  i nstal ler  i s  aware  of  such  shortcom ings,  parti cu larl y 
those  aris i ng  from  features  of  the  bu i l d i ng  that  m igh t  not  have  been  known  to  the  des igner,  
they ough t  to  be  drawn  to  the  attenti on  of  the  des igner,  user  or  purchaser.  

HLS can  be  used  for  mu l t i pu rpose  venues ,  and  con trols  can  be  provided  for reassign ing  or  
reconfi guring  the  equ ipment.  Care  i s  needed  to  ensure  that  access  to  these  con tro ls  does  not  
unnecessari l y i nclude  access  to  cri t i cal  con tro ls  such  as  l oop  dri ve.  

The  respons ibi l i t i es  associated  wi th  the  instal lati on  of  the  system  shou ld  be  c learl y def ined,  
agreed  and  documented  prior  to  the  commencement  of  work.  

I n  particu lar,  the  fo l l owing  poin ts  shou ld  be  cons idered.  

a)  Al l  cables  shou ld  be  carefu l l y lai d  and  secured  i n  order to  avoid  the  poss ibi l i ty of  tri pping .  
The  instal l ati on  of  mains  wi ri ng  and  protecti ve  devices  used  i n  HLS  shou ld  conform  to  the  
appl icable  regu lat ions  for  mains  power i nstal l at ions.  

b)  The  l oop conductor(s) ,  m icrophone  and  o ther  s ignal  cables  shou ld  be  regarded  as  
Category 2  c i rcu i ts  as  defi ned  i n  the  appl icable  regu lat i ons  for mains  power i nstal lat ions  
and  shou ld  be  segregated  from  mains  and  other cables  i n  Category 1  ci rcu i ts  i n  
accordance  wi th  the  appl icable  regu lati ons  for  mains  power i nstal lations .  

c)  Loop cables  shou ld  be  cl earl y i denti f i ed  wi th  the  HLS symbol  for  the  benef i t  of  pain ters  
and  other trades  people,  particu larl y i n  order  that  the  pu rpose  of  the  cables  cannot  be  
m istaken .  

d )  Loop equ ipment  shou ld  be  l ocated  where  i t  i s  eas i l y access ible  to  au thori zed  personnel ,  
and  i t  shou ld  not  be  pos i t i oned  so  that  access  to  i t  m igh t  be  awkward  or dangerous.  

e)  A detai led  wi ring  d iagram  for the  system  shou ld  be  placed  on  or  c l ose  to  the  l oop  
equ ipment  to  ensure  that  i t  can  be  correctl y reconnected ,  shou ld  i t  need  to  be  moved.  

The  i nstal ler  shou ld  ensu re  that  

•  adequate  space  i s  provided  around  the  equ ipment  for access ,  

•  the  s tructu re  can  accept  the  weigh t  of  the  equ ipment,  and  

•  adequate  coo l i ng /ven ti l at i on  i s  provided  to  keep the  equ ipment  wi th i n  i ts  rated  
temperatu re  range.  

The  i nstal l at ion  of  m icrophones  shou ld  be  i n  accordance  wi th  the  recommendations  of  
Clause  1 1 .  
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Al l  metal l i c  parts  of  the  i nstal l ati on ,  i ncl ud ing  condu i t ,  trunking ,  ducti ng ,  cabl i ng  and  
enclosures,  shou ld  be  separated  from  any metalwork form ing  part  of  a  l i gh tn i ng  protection  
system .  

NOTE  Fu rther gu i dance  i s  g i ven  i n  I EC  62305  (al l  parts ) .  

The i nstal ler  shou ld  provide  as- fi tted  d rawings  wh i ch  i nclude,  at  l east  

a)  the  pos i t i ons  of  al l  HLS  equ ipment,  

b)  the  pos i t i ons  of  al l  l oop  cables  i nclud ing  the  type,  s i zes  and  actual  rou tes  o f  cables ,  

c)  the  pos i t i on (s)  of  m icrophone(s) ,  and  

d)  the  pos i t i ons  of  al l  equ ipment  that  m ight  requ i re  rou tine  attenti on  or  ad j ustment.  

The  cable  rou tes  shown  shou ld  comprise  a  reasonable  represen tati on  of  the  rou te  fo l l owed  to  
enable  a  competen t  person  to  l ocate  the  cable  i n  the  even t  of  a  fau l t  or  need  for mod i f ication  
or extens ion  of  the  system ;  a s imple  schematic  showing  the  sequence  i n  wh ich  devices  are  
wi red  i s  un l ikel y to  satisfy th i s  recommendation ,  o ther than  i n  smal l ,  s imple  systems.  

I n  the  case  of  extens ions  or  al terations,  exis ting  as-fi tted  drawings  shou ld  be  updated .  

On  completion  of  the  i nstal l at ion  work,  the  instal ler shou ld  i ssue  a  certi f icate  i n  accordance  
wi th  the  model  g i ven  in  Annex  H ,  s i gned  by a competen t  person .  

The  instal l er of  the  mains  suppl y can  be  requ i red  by l ocal  documents  or  regu lati ons  to  i ssue  
an  electrical  i ns tal l ati on  cert i f icate  i n  the  speci f ied  form .   

A des i gner m igh t  accept  responsibi l i ty for variations  from  any of  the  above  recommendations  
and  communicate  th is  i n  the  form  of  speci f i c  wri tten  requ i rements  (e. g .  wi th in  a  speci f i cation ) .  
I n  th is  case,  the  i nstal ler  shou ld  record  the  re levant  variati ons  wi th i n  the  i nstal l ati on  cert i f icate  
i ssued  by the  i nstal l er.  

1 2  Instal lation  practices and  workmanship  

The nature  and  qual i ty of  the  i nstal lation  work needs  to  be  such  as  to  main tain  the  i n tegri ty of  
the  HLS and  m in im ize  the  du ration  and  exten t  of  d i sablement of  the  system  during  
main tenance  or modi f i cati ons.  Penetration  of  constructi on  (e . g .  for  the  passage  of  cables ,  
condu i t ,  trunking  or  tray)  has  to  be  made good  to  prevent  the  free  passage  of  f i re  or  smoke,  
regard less  of  whether  the  constructi on  has  a  recogn i zed  degree  of  f i re  res i stance.  

Cables  that  are  d i rectl y f i xed  to  surfaces  shou ld  be  neatl y run  and  secure l y f i xed  at  su i table  
i n tervals ,  i n  accordance  wi th  the  recommendations  of  the  cable  manufactu rer.  Cables  shou ld  
not  re l y on l y on  suspended  cei l i ngs  for the i r  support.  The  i nstal l er shou ld  ensure  that  al l  
wi ri ng  and  cable  types  conform  to  the  design  documentation .  

Cables  shou ld  be  instal led  wi thou t  external  j o in ts  wherever practicable.  Al l  term inati ons  and  
other connectors  shou ld  be  such  as  to  m in im ize  the  probabi l i ty of  earl y fai l u re .  Other  than  in  
the  case  of  j o in ts  at  or  wi th i n  system  componen ts  such  as  ampl i f i ers  and  m icrophones,  
term inals  and  connectors  used  to  j o in t  cables  shou ld  be  constructed  of  materials  that  wi l l  
wi thstand  a s im i lar envi ronmen t and  be  of  s im i lar  durabi l i ty to  that  of  the  cable.  Al l  j o i n ts,  
other than  those  wi th i n  system  components,  shou ld  be  enclosed  wi th i n  j unction  boxes,  
l abel led  wi th  the  HLS symbol  to  avoid  confus ion  wi th  other services.  Copper fo i l  tape  i s  often  
used  under carpets  and  vi nyl  f l oori ng ;  th is  can  be  i den ti f ied  us i ng  pri n ted  tape  i den ti fyi ng  i t  as  
an  HLS l oop  cable.   

Arrangements  for earth i ng  shou ld  be  i n  accordance  wi th  the  recommendations  of  the  
manufacturer.  The  l oop  cable  shou ld  not be  earthed  un less  the  ampl i f ier  manu factu rer  
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expl i ci t l y s tates  that  i t  shou ld ,  or  can ,  be  earthed.  Otherwise,  serious  damage to  the  ampl i f ier  
i s  very l ike l y to  resu l t.   

Where  a cable  passes  through  an  external  wal l ,  i t  shou ld  be  contained  in  a  smooth-bore  
s leeve  of  metal  or  o ther  non-hygroscopic  material  sealed  in to  the  wal l .  Th is  s l eeve  shou ld  
s lope  downwards  towards  the  ou ts i de  and  shou ld  be  pl ugged  wi th  a su i table  non-harden ing  
waterproof  compound  to  preven t  the  en try of  rain ,  dust  and  verm in .  Where  a  cable  passes  
th rough  an  i n ternal  wal l ,  a  smal l  c l earance  ho le  shou ld  be  provided.  I f  add i t i onal  mechan ical  
protection  i s  necessary,  a  smooth-bore  s leeve  shou ld  be  sealed  i n to  the  wal l .  Care  shou ld  be  
taken  to  ensure  that  the  ends  of  any s leeves  are  free  from  sharp edges  wh ich  m ight  damage 
cables  during  instal lati on .  When  a cable,  o ther than  a f loor- level  l oop cable,  passes  th rough  a 
f loor,  the  recommendations  above  shou ld  be  appl i ed .  The  s leeve  shou ld  extend  as  far above  
f loor l evel  as  i s  requ i red  to  provide  adequate  protecti on  of  the  cable,  bu t  never l ess  than  
300  mm .  

Where  cables ,  condu i ts ,  trunking  or  trays  pass  th rough  f loors,  wal ls ,  part i t i ons  or ce i l i ngs,  the  
surrounding  ho le  shou ld  be  as  smal l  as  reasonabl y practicable  and  made  good  wi th  f i re  
stopping  materials  that  ensure  that  the  f i re  res i stance  of  the  constructi on  i s  not  material l y 
reduced.  Spaces  through  wh ich  f i re  or  smoke cou ld  spread  shou ld  not  be  l eft  around  the  
cable,  condu i t,  trunking  or tray.  

I f  cables  or condu i ts  are  instal l ed  i n  channels ,  ducts,  trunking  or shafts  that  pass  th rough  
f loors,  wal ls ,  part i t i ons  or  ce i l i ngs,  barriers  wi th  the  appropriate  l eve l  of  f i re  res istance  shou ld  
be  provided  wi th i n  the  channels,  etc. ,  to  preven t  the  spread  of  f i re  un less,  i n  the  case  of  ducts  
and  shafts,  the  construction  of  the  duct  or  shaft  affords  equ ivalent  f i re  resis tance  to  the  
structu re  penetrated;  i n  the  latter case  f i re  stopping  need  on l y be  provided  where  cables  pass  
i n to,  or  ou t  of,  the  duct  or  shaft.  

1 3  Inspection  and  testing  of  wi ring  

On  completion  of  wi ring ,  or  secti ons  of  wi ring ,  the  i nstal l er shou ld  carry ou t  tests  to  ensure  the  
i n tegri ty of  cable  i nsu lat ion  and  adequacy of  earth ing .  Usual l y,  the  tests  on  cables  are  carri ed  
ou t  wi th  equ ipment  d isconnected  and  pri or to  completi on  of  the  en t i re  system .  Further tests  
need,  therefore,  to  be  carri ed  ou t  on  completi on  o f  the  system  and  these  tests  form  part  of  the  
comm ission ing  process.   

These  tests  shou ld  be  completed  wh i l e  the  l oop wi re  i s  access ible  and  before  any f l oor  
coveri ngs  etc.  are  f i tted .  For complex  loops,  especial l y mu l t i - loop systems,  i t  i s  s trong l y 
recommended  to  test  the  system  wi th  ampl i f iers  equ ivalen t  to  the  equ ipment planned  for the  
system .  The  tests  shou ld  i ncl ude  f i e ld  streng th  and  frequency response  over the  des ign  area.  
S ignal - to-noise  measurements  shou ld  also  be  completed  i f  the  e lectrical  i nstal lation  has  been  
completed.  

Al l  i nstal led  cables  wi th  a manufacturer’s  vol tage  rati ng  su i table  for mains  use  shou ld  be  
subj ect  to  i nsu lati on  test i ng  at  500  V DC.  Prior to  th is  test,  cables  shou ld  be  d isconnected  
from  al l  equ ipmen t that  cou ld  be  damaged  by the  test.  

I nsu lat ion  res istance,  measured  i n  the  above  test,  between  conductors,  between  each  
conductor and  earth ,  and  between  each  conductor  and  any screen ,  shou ld  be  at  l east  2  MΩ.  

Con ti nu i ty of  al l  c i rcu i ts  shou ld  be  tested.  

Earth  con tinu i ty and,  for  mains  suppl y ci rcu i ts ,  earth  fau l t  l oop impedance,  shou ld  be  tested  to  
ensure  compl iance  wi th  appl icable  regu lati ons.  

The  fol l owing  shou ld  be  tested  on  completion  of  the  i nstal lat i on  work,  after connecti on  of  al l  
l oops,  un less  there  i s  speci f i c  agreemen t that  they wi l l  form  part  of  the  comm ission ing  
process:  
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•  i f  poss ible,  the  impedance  of  each  l oop c i rcu i t  at  1  kHz i n  c lass  A3  and  A4  systems;  i f  not  
poss ible ,  the  DC res istance  of  each  l oop  c i rcu i t  shou ld  be  measured  and  recorded;  

•  correct  po lari ty of  c i rcu i ts  where  th is  i s  requ i red  i n  class  A4 systems;  

•  an y o ther  tests  speci f ied  by the  manufactu rer of  the  system .  

The  resu l ts  of  al l  tests  shou ld  be  recorded  and  made  avai lable  to  the  organ i zati on  respons ible  
for comm ission ing  the  system .  

1 4  Commissioning  

The process  of  comm ission ing  i nvo lves  thorough  testi ng  of  the  instal led  HLS to  ensure  that  i t  
operates  correctl y i n  accordance  wi th  the  recommendations  of  th is  document and  wi th  the  
speci f i cation .  At  completion  of  comm ission ing ,  i t  also  needs  to  be  confi rmed  that  al l  re levant  
documentation  has  been  handed  over to  the  user.  The  organ i zati on  responsible  for  
comm ission ing  the  system  m igh t,  or  m ight  not,  be  the  same organ ization  that  des i gned  and/or  
i nstal l ed  the  system ,  bu t  the  responsibi l i ty for comm ission ing  needs  to  be  cl earl y def ined  prior  
to  the  start  of  the  i nstal lati on  work.  

I t  i s  not,  i n  general ,  the  respons ibi l i ty of  the  comm ission ing  eng ineer  to  veri fy compl iance  of  
the  des ign ,  or  of  the  i nstal l ati on  work.  The  responsibi l i ty of  the  comm ission ing  eng ineer i s  to  
veri fy that  the  system  operates  correctl y i n  the  manner des igned  and  that  the  i ns tal l ati on  
workmansh ip  i s  general l y of  an  adequate  standard.  However,  i n  practice,  i t  m ight  be  d i ff i cu l t  
to  ensure  that  the  system  compl ies  i n  fu l l  wi th  al l  recommendations  un t i l  the  t ime  of  
comm ission ing .  For example,  comm ission ing  m igh t  represen t  the  f i rst  (and  on l y)  opportun i ty 
to  ensure  that  structural  features  of  the  bu i ld i ng ,  of  wh ich  the  des igner m ight  have  been  
unaware,  do  not  comprom ise  the  effecti veness  of  the  system  as  i t  was  orig i nal l y des igned .  

The  system  ( i f  not  of  c lass  A1 )  shou ld  be  comm issioned  by a  competent  person ,  who  has  
access  to  the  requ i remen ts  of  the  designer ( i . e.  the  system  speci fi cati on)  and  any other  
re levant  documentation  or drawings.  

NOTE  The  performance  of  systems  of  type  A1  i s  f i xed  by des i gn  and  comm iss ion i ng  i s  not  appropri ate.  

Any person  respons ible  for comm ission ing  an  HLS i n  accordance  wi th  the  recommendations  
of  th is  document shou ld  possess  a thorough  knowledge  and  understand ing  of  the  appl icable  
documents,  I EC 601 1 8-4  and  I EC  62489-1 .  

At  comm ission ing ,  the  en ti re  system  shou ld  be  i nspected  and  tested  to  ensure  that  i t  operates  
satisfactori l y and  that,  i n  particu lar:  

a)  magnetic  f i e l d  s treng ths,  frequency responses  and  s ignal - to-noise  rati os  con form  to  the  
requ i rements  of  I EC  601 1 8-4.  Testing  of  class  A2  systems  shou ld  be  performed  at  the  
po in ts  speci f ied  in  F igure  31 ,  at  he ights  above  the  f loor of  1 , 2  m  and  1 , 7  m .  I n  accordance  
wi th  Annex A of  I EC  601 1 8-4:201 4,  the  measured  f i e ld  streng th  leve ls  shou ld  be  wi th i n  
±4, 5  dB  when  400  mA/m  is  ach ieved  at  one  po in t  at  l east.  At  a  he i gh t  of  1 , 45  m ,  the  f i e l d  
streng th  level  can  be  g reater than  +4, 5  dB  ref.  400  mA/m  (bu t  shou ld  not  exceed  +8  dB  
ref.  400  mA/m ) ,  as  th is  can  overload  some heari ng  aids ;  

b)  an  acceptable  l evel  of  i n te l l i g ibi l i ty i s  ach ieved  th roughout  the  usefu l  magnetic  f i e l d  
vo lume;  

c)  no  changes  to  the  bu i l d i ng  s ince  the  t ime  of  the  agreed  design  have  comprom ised  the  
conform i ty of  the  system  to  th is  document (e. g .  by erection  of  new parti t i on ing  or metal  
structu res  that  affect  the  effecti veness  of  the  HLS) ;  

d )  mains  power suppl i es  are  i nspected  as  far  as  reasonabl y practicable  to  ensure  
compl iance  wi th  re levan t  regu lati ons;  

e)  al l  relevant  documentati on  has  been  provided  to  the  user  or  purchaser;  

f)  on  completi on  of  comm ission ing ,  a  cert i f icate  s i gned  by a competent  person  i n  
accordance  wi th  the  model  g i ven  i n  Annex  H  has  been  i ssued .  
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Al l  resu l ts  obtained  during  the  comm ission ing  process  shou ld  be  c learl y recorded.  

Dimensions  i n  m i l l imetres  

 

The  upper f i gu re  i s  appropri ate  for  magneti c  f i e l d  sou rces  o f  smal l  d imens ions;  the  l ower f i gu re  i s  more  su i table  
where  a  l arger vert i cal  l oop  i s  u sed.  

The  reference  po i n t  o r  l i ne,  and  the  cen tre  l i ne,  establ i sh  the  geometry of  the  d rawings.  Because  of  the  d i vers i ty  o f  
mounti ng  arrangements  for the  sou rce  of  magneti c  f i e l d  and  the  range  of  phys i cal  d imensions,  i t  i s  not  poss ibl e  to  
re l ate  the  measuri ng  po i n ts  to  i ts  pos i t i on .  The  area where  people  are  expected  to  s tand  shou ld  be  determ ined  f i rs t  
and  the  pos i t i on  of  the  reference  poi n t  o r l i ne  determ ined  from  i t .   

I t  i s  recommended  to  i nd i cate  on  the  f l oor the  area where  people  are  expected  to  s tand.  

NOTE  The  sou rce  of  the  magneti c  f i e l d  i s  n ot  necessari l y  pos i t i oned  where  the  " reference  po i n t"  or  " reference  
l i ne"  i s  def i ned  – these  are  j u st  u sed  as  references  to  determ ine  where  the  user i s  l i ke l y  to  be  pos i t i oned,  and  
hence  where  the  f i e l d  s treng th  needs  to  be  con tro l l ed .  The  sou rce  i tsel f  i s  typi cal l y  fu rther away from  the  user than  
the  reference  po i n t  or  l i ne  i s ,  i n  o rder to  ach i eve  an  acceptably l ow g rad ien t  of  f i e l d  s treng th  l evel s ,  bu t  the  actual  
d i s tance  i s  l i ke l y  to  be  l im i ted  by the  phys i cal  characteri st i cs  of  the  i nstal l at i on .  

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

1 5  Documentation  

On  completion  of  the  system ,  adequate  records  and  other documen tation  have  to  be  provided  
to  the  user or  purchaser ( the  user and  purchaser m ight,  or  m igh t  not,  be  the  same 
organ i zation) .  The  responsibi l i ty for provis i on  of  the  documentati on  m igh t  rest  wi th  more  than  
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one  organ ization  and  needs  to  be  def ined  before  an  order for the  system  i s  p laced .  On  
completi on  of  comm ission ing ,  i t  needs  to  be  ensu red  that,  e i ther the  documentation  has  been  
provided  to  the  re levant  parties ,  or  that  any absent  documentation  i s  i denti f i ed  for appropriate  
acti on  (see  C lause  1 4  above) .  

Part icu lar  importance  needs  to  be  attached  to  the  preparation  and  accuracy of  "as  f i t ted"  
drawings  and  operati on  and  main tenance  manuals .  The  manuals  need  to  be  adequatel y 
speci f i c  to  the  system .  Wi thou t  these  drawings  and  manuals,  main tenance  or fu tu re  
modi fi cati on  of  the  system  m igh t  be  d i ff i cu l t.  

The  fo l l owing  documen tati on  shou ld  be  provided  to  the  purchaser  or  user  of  the  system :  

a)  cert i f i cates  for  des ign ,  i nstal l at ion  and  comm ission ing  of  the  system ;   

b)  an  adequate  operati on  and  main tenance  manual  for  the  system ;  th is  shou ld  provide  
i n formation ,  speci f ic  to  the  system  i n  question ,  regard ing  the  fo l l owing :  

1 )  a  l i st  of  equ ipment provided  and  i ts  confi gu ration  (e. g .  schematic  d iag ram ) ;  

2)  use  and  operation  of  the  system ;  

3)  service  and  main tenance  of  the  system ;  

4)  the  importance  of  ensu ri ng  that  changes  to  the  bu i l d ing ,  such  as  re locati on  of  
part i t i ons,  and  new metal  s tructures  do  not  affect  the  documen t of  coverage  i n  the  
space;  

c)  "as  f i tted"  drawings  ind icati ng  at  l east  the  fo l l owing :  

5)  the  pos i t i ons  of  al l  HLS  equ ipment;  

6)  the  pos i t i ons  of  al l  m icrophones;  

7)  the  type,  s i zes  and  actual  rou tes  of  cables;  

d )  a  l og  book for  record ing  tests  and  checks  performed  on  the  system ,  main tenance  of  the  
system  and  changes  to  the  system ;  

e)  a  record  of  any agreed  variations  from  the  ori g i nal  des ign  speci fi cati on ;  

f)  records  as  are  speci fi ed  i n  C lauses  1 5  to  1 7.  

The  contract  for desi gn ,  suppl y,  i nstal lation  and  comm ission ing  of  the  system  needs  to  defi ne  
the  type  of  documentati on  wh ich  i s  to  be  provided  by each  organ i zati on  i nvo lved.  

The  cable  rou tes  shown  need  to  comprise  a  reasonable  represen tation  of  the  rou te  fo l l owed ,  
such  as  to  enable  a competen t  person  to  locate  the  cable  i n  the  event  of  a  fau l t  or  need  for 
modi fi cati on  or extens ion  of  the  system ;  a  s imple  schematic  showing  the  sequence  i n  wh ich  
l oops  are  wi red  i s  un l i kel y to  sat isfy th is  recommendation ,  o ther than  i n  smal l ,  s imple  
systems.  

I n  some complex  bu i ld i ngs ,  a  cabl i ng  schedu le  cross-referencing  the  drawings  can  be  
necessary i n  order to  he lp  explai n  the  cable  rou tes.  

I n  the  case  of  extens ions  or  al terations,  exist ing  "as  f i tted"  drawings  have  to  be  updated.  

1 6  Certi fication  

On,  or  as  soon  as  practicable  after,  completion  of  each  of  the  fo l l owing  processes,  a  
cert i f icate  shou ld  be  i ssued  by the  organ ization  responsible  for  the  process,  certi fyi ng  
compl iance  wi th  IEC  601 1 8-4  and  the  recommendations  of  th is  document  i n  respect  of  the  
process  or,  i f  variati ons  exist,  c l earl y i denti fyi ng  these  variati ons:  

a)  des i gn ;  

b)  i nstal lati on ;  
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c)  comm ission ing .  

Model  certi f i cates  of  desi gn ,  i nstal l at ion ,  comm ission ing ,  acceptance  and  veri f i cati on  are  
con tained  i n  Annex H .   

The  cert i f icate  i ssued  for any of  these  processes  can  vary i n  format from  that  shown  in  
Annex H  bu t,  as  a m in imum ,  the  i n formation  and  statements  of  conform i ty wi th in  the  model  
cert i f icates  shou ld  be  provided.  

These  processes  m igh t  be  undertaken  by one  organ ization ,  or  m igh t  be  carri ed  ou t  by 
i ndependent  organ i zati ons,  wh ichever arrangement  appl i es,  and  th ree  separate  cert i f icates  
u l t imatel y need  to  be  i ssued .  I t  needs  to  be  possible  for an  organ ization  to  i ssue  a  certi f i cate  
for the  process  for wh ich  they are  respons ible,  regard less  of  whether a cert i f icate  has  been  
i ssued  for e i ther of  the  other  processes.  

I t  i s  essen tial  that  the  person(s)  who  s i gn(s)  these  certi f i cates  i s  competent  to  veri fy whether  
the  recommendations  of  th is  document  i n  respect  of  the  process  to  wh ich  the  certi f i cate  refers  
have,  or  have  not,  been  satisfi ed .  The  purchaser or  user m igh t,  subsequen tl y,  re l y on  the  
cert i f icate  as,  for  example,  evi dence  of  compl iance  wi th  l eg is lation .  Liabi l i ty cou ld  arise  on  the  
part  of  any organ i zation  that  i ssues  a  certi f icate  wi thout  due  care  i n  ensuri ng  i ts  val i d i ty.  

Where  modi f i cations  are  carried  ou t  to  a  system ,  the  pu rchaser shou ld  requ i re  that  the  
organ i zation  respons ible  for the  work i ssues  a  new comm ission ing  cert i f icate.   

I f  a  system  is  modi f ied  or a  new system  i s  i nstal l ed ,  i t  m ight  also  be  necessary to  check for 
overspi l l  effects  to  and  from  any other  HLS i n  proxim i ty.   

1 7 Acceptance 

On  completion  of  the  system ,  arrangements  need  to  be  made for formal  handover of  the  
system  to  the  pu rchaser  or  user,  and  formal  acceptance  of  the  system  by the  purchaser  (or  
representati ve  of  the  purchaser) .  

Before  accepting  the  handover of  the  system ,  the  purchaser  or  a  represen tati ve  needs  to  
ensure  that  they are  sati sfied  wi th  the  i nstal l ed  system ,  and  that  the  user  has  an  adequate  
understand ing  of  the  operati on  of  the  system .  I n  the  case  of  smal l ,  s imple  systems,  or  
systems  instal l ed  i n  the  prem ises  of  smal l  organ i zati ons  wi th  l i tt l e  re levan t  i n -house  experti se,  
acceptance  m igh t  i nvo lve  l i tt l e  more  than  a  bri ef  i nspecti on  of  the  system  by the  user,  
demonstrati on  of  i ts  operati on  by the  comm ission ing  eng ineer,  and  handover  of  the  re levan t  
documents  to  the  user.  I n  l arge,  complex  systems,  i t  i s  l i kel y that  the  purchaser  wou ld  wi sh  to  
wi tness  re levan t  tests ,  as  part  of  a  formal  and  s tructured  acceptance  procedure.  

As  evidence  of  acceptance,  an  acceptance  certi f i cate  needs  to  be  s i gned  by the  purchaser.  

Acceptance  procedures  shou ld  be  carried  ou t  i n  accordance  wi th  the  ag reed  purchase  
speci f i cation ,  i nclud ing  any tests  that  are  to  be  wi tnessed  and  detai l s  of  the  wi tness ing  
procedure.  

Before  accepting  a system ,  the  purchaser (or  appropriate  represen tati ve  of  the  purchaser)  
shou ld  ensure,  at  l east,  that  

a)  al l  i nstal lati on  work appears  to  be  satisfactory,  

b)  the  system  i s  capable  of  meeti ng  the  f ie l d  s treng th ,  frequency response  and  requ i rements  
of  I EC  601 1 8-4,  

c)  the  system  i s  capable  of  g i ving  i n te l l i g i ble  broadcasts ,   

d )  the  fo l l owing  documents  have  been  provided  to  the  pu rchaser or  user:  
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•  “as  f i t ted”  d rawings;  

•  operati ng  and  main tenance  i nstructi ons;  

•  cert i f i cates  of  des ign ,  i ns tal l at ion  and  comm ission ing ;  

•  a  l og  book to  record  the  peri od ic  test ing  of  the  system ;   

e)  su ffi ci ent  representati ves  of  the  user have  been  adequatel y trained  i n  the  operation  of  the  
system ,  

f)  the  nom inated  responsible  person  has  been  advised  of  the i r  respons ibi l i t ies  and  how 
these  m ight  be  d ischarged,  

g )  al l  relevant  tests ,  defi ned  i n  the  purchase  speci f icati on ,  have  been  wi tnessed ,  and  

h )  as  evidence  of  acceptance,  the  purchaser (or appropriate  represen tati ve  of  the  purchaser)  
shou ld  s i gn  an  acceptance  certi f icate.  

1 8  Veri fication  

The purchaser  or  user m igh t  decide  that  there  i s  a  need  for veri f i cati on  of  compl iance  of  the  
i nstal led  system  wi th  th is  document  as  a  resu l t  of  one  or  more  of  the  fo l l owing :  

a)  the  d i vis ion  of  work elements  between  d i fferen t  organ i zati ons;  

b)  the  evolu t ion  of  the  bu i l d i ng  des ign  duri ng  constructi on ;  

c)  the  l ack of  detai l ed  i n formation  at  the  t ime  of  des i gn .  

The  veri fying  organ i zati on  m igh t  be  one  of  those  i nvolved  i n  the  des ign ,  suppl y,  i ns tal l ati on  or 
comm ission ing  processes  (e . g .  the  system  suppl i er or  the  des igner)  or  an  i ndependen t  th i rd  
party,  such  as  an  organ i zati on  support i ng  the  hard-of-heari ng  that  has  the  necessary 
experti se.  

I n  the  event  that  the  veri f i cati on  process  i den ti f i es  areas  of  non-compl iance,  the  purchaser or  
user  m ight  requ i re  a  fu rther veri f ication  of  the  affected  areas  after  correction .  

Where  a  pu rchaser  or  user  cons iders  that  i t  wou ld  be  benefic ial ,  for  example  i f  there  i s  
s i gn i f icant  potential  for  the  i nstal led  system  to  deviate  from  the  recommendations  of  th is  
document,  veri f i cation  of  compl iance  wi th  th is  document  shou ld  be  arranged.  

Any person  respons ible  for  veri f ication  shou ld  be  competen t  i n  the  des ign  of  HLS i n  
accordance  wi th  th is  document  and  fam i l iar wi th  the  relevant  i nstal l at ion  practices.  

The  scope  and  exten t  of  the  veri f i cation  process  shou ld  be  agreed  between  the  purchaser or  
user  and  the  organ i zati on  respons ible  for veri f i cation .  

On  completion ,  a  veri f i cati on  cert i f i cate  shou ld  be  i ssued  (a model  certi f icate  i s  g i ven  i n  
Annex H ) .  The  veri f ication  certi f i cate  shou ld  also  con tain  i n formation  on  the  scope  and  extent  
of  the  veri f icati on  carried  ou t  or  i den ti fy where  th is  i n formation  i s  avai lable .  

1 9  Owner responsibi l i ties 

1 9. 1  Signage  

To alert  poten tial  users  to  the  presence  of  a  working  HLS,  c lear s i gnage  shou ld  be  c l earl y 
vis ible  at  l east  at  the  en trance  to  an  equ ipped  room  or venue  and  i ns i de  where  a user wi l l  see  
i t .  See  3 . 2.  

I n  p laces  where  the  performance  of  the  HLS is  not  sat isfactory,  a  s ign  i nd icating  th is  shou ld  
be  d isplayed,  for  example  on  the  rear of  seats  i n  front  of  a  row of  seats  where  magnetic  
i n terference  i s  unacceptable.  See  3. 2.  
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1 9.2  User feedback 

Managemen t of  a  bu i l d i ng  f i tted  wi th  HLS shou ld  establ ish  a process  by wh ich  users  
experiencing  problems  wi th  the  HLS can  qu ickl y and  effi ci entl y communicate  the i r  concerns  to  
staff  and  have  thei r  problems  resolved.  

Th is  can  take  the  form  of  a  speci f i ed  con tact  person  wi th  au thori ty and  knowledge  to  
i nvestigate  each  complain t  and  to  take  appropriate  act ions.  

Posi t i ve  feedback from  users  shou ld  also  be  sought  to  provide  assurance  to  management  that  
the  HLS  investment  i s  worthwh i le  and  as  a source  of  valuable  marketing  material .  

1 9.3  Staff  train ing  

Al l  exist i ng  staff  shou ld  receive  HLS awareness  trai n ing  on  f i rst  i ns tal l at i on  of  an  HLS,  and  
every new member of  s taff  shou ld  receive  such  trai n i ng  as  part  of  the i r  i nduction .  

HLS awareness  train i ng  shou ld  i nclude  the  existence  of  the  HLS,  how a  hearing  instrument  
user  benefi ts  from  an  HLS,  the  places  where  HLS coverage  i s  (and  i s  not)  acceptable,  the  
establ i shed  process  of  manag ing  complain ts  from  users ,  and  the  names  and  con tact  detai ls  of  
the  person  wi th  au thori ty and  knowledge  to  i nvesti gate  each  complain t  and  to  take  appropriate  
acti ons .  

20  Operation  and  maintenance 

20. 1  General  

The conti nued  adverti s i ng  of  an  HLS wh ich  i s  i noperati ve  m igh t  consti tu te  m isrepresen tation ,  
so  any fai lu re  wh ich  cannot  be  recti f i ed  promptl y shou ld  be  noti f i ed  to  the  management 
wi thout  de lay and  to  poten tial  users  by a notice  ad jacent  to  the  HLS s i gn(s)  (see  F igure  3) .  

NOTE  Noti f i cat i on  that  an  HLS  i s  actual l y  i n  operati on  can  be  g i ven  by an  i l l um inated  HLS  s i gn .  

20.2  Routine  testing  

Experience  normal l y shows  that  the  e lectron ic  equ ipment  i s  s i gn i f i cantl y  more  re l i able  than  
the  system  mechan ical  components ,  for  example  l oop wi res ,  m icrophones,  connectors ,  
connecti ng  l eads  and  swi tches  and,  al though  some modern  HLS i ncorporate  a h igh  degree  of  
au tomatic  operati on ,  i t  i s  st i l l  necessary for  the  respons ible  person  to  ensu re  that  the  system  
operates  correctl y and  any fau l ts  are  acted  upon .  

I t  i s  therefore  important  that  regu lar tests  are  carried  ou t  to  ensure  that  there  has  not  been  
any major  fai l u re  of  the  HLS.   

I n  l arge  or complex  systems,  i t  can  be  impractical  to  carry ou t  al l  the  requ i red  tests  on  one  
occas ion  and  i t  can  be  necessary for tests  to  be  carried  ou t  to  a  defi ned  programme over a  
f i xed  peri od.   

On  a weekl y bas is,  the  responsible  person  shou ld  ensure  the  satisfactory operati on  of  the  
HLS by use  of  a  test  s i gnal  and  e i ther a  f i xed  l oop mon i tor  receiver  (see  Annex  A)  or  a  
portable  f i e l d  streng th  meter.  I t  i s  essen tial  to  suppl emen t th is  wi th  a l i s ten ing  test  us i ng  real  
speech  i n to  the  m icrophone(s)  to  ensure  that  the  m icrophone(s)  are  working  correctl y and  
ampl i f i er  con tro l  sett i ngs  have  not  been  i nappropriate l y changed .  

These  rou tine  tests  and  any user  complain ts  shou ld  be  recorded  i n  the  system  l og  book.  



 – 62  – I EC TR  63079:201 7    I EC  201 7  

20.3  Inspection  and  servicing  

I t  i s  essential  that  the  system  i s  subject  to  peri od i c  i nspection  and  servicing  so  that  fau l ts  are  
i den ti f ied ,  preventi ve  measures  can  be  taken  to  ensure  the  con tinued  re l i abi l i ty of  the  system ,  
and  that  the  user  i s  made  aware  of  any changes  to  the  bu i ld i ng  that  affect  the  performance  
afforded  by the  system .   

Period ic  i nspection  and  servicing  needs  to  be  carried  ou t  by a competen t  person  wi th  
special ist  knowledge  of  HLS,  adequate  access  to  spares  and  su ffi c ien t  i n formation  regard ing  
the  system .  The  procedure  below appl ies  to  f i xed  systems  bu t  shou ld  be  appl i ed  as  far as  
poss ible  to  portable  and  mobi le  systems;  i nspecti on  and  test  of  these  m ight  need  to  be  more  
frequent  i f  much  remed ial  action  i s  requ i red  after a  year.  

At  i n tervals ,  i n i t ial l y not  exceed ing  1 2  months,  bu t  l onger i f  experience  i nd icates  acceptabi l i ty,  
the  fo l l owing  i nspecti on  and  test  of  the  system  shou ld  be  carri ed  ou t.  

a)  The  system  log  book shou ld  be  exam ined .  I t  shou ld  be  ensured  that  any fau l ts  recorded  
have  received  appropriate  atten tion .  

b)  A visual  i nspection  shou ld  be  made  to  check whether structu ral  or  occupancy changes  
have  affected  the  compl iance  of  the  system  wi th  the  recommendations  of  th is  documen t 
for f i e ld  coverage  and  overspi l l .  Part icu lar  care  shou ld  be  taken  to  veri fy whether  

•  an y new or  re located  parti t ions  have  been  erected  affecti ng  the  vo lume to  be  covered,  

•  an y changes  to  the  use  or occupancy of  an  area makes  the  existi ng  HLS des ign  
unsu i table,  for  example  i ncrease  i n  magnetic  or  acoustic  ambient  no ise ,  and  

•  an y bu i l d i ng  al terations  or  extens ions  requ i re  the  instal lat i on  of  add i t i onal  HLS  
equ ipment.  

c)  Any s tructural  or  occupancy changes  that  have  been  found  as  a resu l t  of  the  i nspection  
have  been  reported  to  the  responsible  person  so  that  appropriate  des ign  and  
implementati on  of  correcti ve  works  can  be  comm issioned.  

d )  Al l  contro ls  and  visual  i nd icators  at  contro l  and  i nd icati ng  equ ipmen t shou ld  be  checked  
for correct  operati on .  

e)  Al l  fu rther checks  and  tests  recommended  by the  manufacturer of  the  HLS equ ipment  and  
other components  of  the  system  shou ld  be  carri ed  ou t .  

f)  The  fo l l owing  phys ical  checks  shou ld  be  made:  

•  ensure  that  the  ampl i f i er  ven ti lati on  holes  are  cl ear and  no  unau thori zed  art i cles  are  
stacked  on  i t ;  

•  check mains  leads,  m icrophone  leads  and  l oop wi ri ng  (where  access ible)  for  fraying ,  
damage,  or  i ncorrect  l ocati on  wh ich  cou ld  affect  safety;  

•  for  temporary or mod i fi ed  systems,  cl ean  any connectors  that  appear to  be  tarn ished ,  
before  they are  i nserted ;   

•  c l ean  dust  and  g rime from  the  system  equ ipment;   

•  check and  remake as  necessary al l  l eads  that  are  heavi l y used  (or  abused)  to  improve  
re l iabi l i ty;  i t  shou ld  be  noted  that  l eads  wi th  mou lded  plugs  can  fai l  wi th  l i t t le  or  no  
warn ing ,  as  thei r  i n ternal  cond i t i on  cannot  be  accuratel y assessed .  

g )  The  f i e ld  s treng th  shou ld  be  checked  to  see  that  i t  meets  the  des ign  m in imum  wi th in  the  
usefu l  magnetic  f ie ld  vo lume.  

h )  The  frequency response  of  the  HLS shou ld  be  checked  to  see  that  i t  meets  the  m in imum  
des ign  requ i rement.  

i )  The  s i gnal - to-no ise  rat io  when  al l  the  e lectri cal  equ ipmen t normal l y used  i n  the  
envi ronment  shou ld  be  checked  to  ensure  that  i t  i s  function ing .  

j )  The  organ i zati on  comm issioned  for the  correcti ve  works  shou ld  be  competent  i n  HLS 
des ign .  Fo l l owing  modi f ication ,  the  system  shou ld  be  re-comm issioned  to  the  exten t  
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needed ,  al l  documentati on  shou ld  be  brough t  up  to  date  to  refl ect  the  new s tatus  and  a 
modi fi cati on  certi f i cate  shou ld  be  i ssued.  

Fo l lowing  the  work carried  ou t  above,  any ou tstand ing  defects  shou ld  be  reported  to  the  
respons ible  person  and  the  system  log  book shou ld  be  completed.  

On  successfu l  completion  of  any remed ial  works,  an  i nspecti on  and  servici ng  certi f i cate  
shou ld  be  i ssued  (see  Annex  H ) .  

20.4  Non-routine attention  

The arrangements  i n  20. 2  and  20.3  are  i n tended  to  main tain  the  system  i n  operation  under  
normal  c i rcumstances.  However,  from  time  to  t ime,  the  HLS  is  l i kel y to  requ i re  non- rou ti ne  
atten ti on ,  i nclud ing  special  main tenance.  Non-rou ti ne  main tenance  i ncl udes  

a)  a  special  i nspection  of  an  exist i ng  HLS when  a new organ ization  takes  over main tenance  
of  the  system ,  

b)  repai r  of  fau l ts  or  damage,  

c)  modi fi cati on  to  take  accoun t  of  extensions,  al terations  or changes  i n  occupancy,  and  

d)  i nspecti on  and  test  of  the  system  fol lowing  a  user  complain t.  

20.5  Special  inspection  on  appoin tment  of  a  new maintenance organ ization  

The  fo l l owing  shou ld  be  undertaken  on  appoin tment  of  a  new main tenance  organ ization .  

a)  For an  exist ing  system ,  a special  i nspecti on  shou ld  be  carried  ou t  and  records  shou ld  be  
stud ied  i n  order to  produce  a  p lan  for effecti ve  main tenance  of  the  system .  

b)  Areas  of  non-compl iance  wi th  th is  document  shou ld  be  documented  and  i den ti f ied  to  the  
respons ible  person  and ,  al though  the  degree  of  a  non-compl iance  i s  subjecti ve,  the  
fo l l owing  non-compl iances  shou ld  be  regarded  as  requ i ri ng  reso lu ti on :  

•  areas  of  non-coverage;  

•  areas  of  unacceptable  f i e l d  s treng th ;  

•  areas  where  overspi l l  i s  an  i ssue  for securi ty or  i n te l l i g i b i l i ty;  

•  where  i nappropriate  solu t i ons  are  used ,  for  example  a portable  un i t  permanentl y 
p laced  on  a coun ter,  when  a coun ter l oop  shou ld  be  i nstal led;  

•  requ i rements  for  e l ectrical  safety are  not  sat isfi ed .  

c)  I f  no  log  book su i table  for enabl i ng  compl iance  wi th  the  recommendations  exists ,  a  
su i table  l og  book shou ld  be  provided  by the  main tenance  organ i zation .  

20.6  Arrangements  for repai r of  fau l ts  or damage 

The  fo l l owing  shou ld  be  undertaken  i f  a  fau l t  or  damage  to  the  system  i s  detected .  

a)  Where  main tenance  i s  carried  ou t  by a th i rd  party,  there  shou ld  be  an  ag reement  for cal l  
ou t  to  deal  wi th  any fau l t  or  damage that  occurs  to  the  system ,  and  th is  ag reement shou ld  
be  such  that  a  techn ician  of  the  main tenance  organ i zati on  can  normal l y attend  the  
prem ises  i n  an  acceptable  peri od  after a  cal l  from  the  user.  

b)  The  name and  telephone  number of  any th i rd  party respons ible  for main tenance  of  the  
system  shou ld  be  prom inen tl y d isplayed ,  and  the  records  and  documen tation  shou ld  be  
kept  updated .  

c)  The  user shou ld  record  al l  fau l ts  or  damage i n  the  system  l og  book,  and  shou ld  arrange  
for repai r  to  be  carried  ou t  as  soon  as  poss ible.  

20.7  Modi fications  to  the system  

Modi ficati ons  to  the  system  can  arise  for a  number of  reasons.  Examples  i ncl ude  extens ion  of  
the  system  to  cover areas  of  the  bu i ld i ng  previous l y uncovered  or newl y constructed .  
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Since  mod i f ication  of  a  system  effecti ve l y i nvolves  an  e lement  of  re-des ign ,  responsibi l i ty for  
modi fi cati on  of  a  system  needs  to  rest  wi th  a  person  who  has  re levant  des ign  competence.  

Respons ibi l i ty for mod i fi cati on  of  an  HLS  shou ld  rest,  u l t imate l y,  wi th  a  person  who  i s  
competent  i n  the  pri nciples  of  HLS design ,  i s  conversan t  wi th  th is  document and  conversant  
wi th  the  i nstal led  system ,  i nclud ing  access  to  the  "as  f i tted"  drawings;  

NOTE  1  Th i s  person  m igh t,  for  example,  be  the  ori g i nal  des i gner,  or  a  competent  represen tati ve  of  the  user or  
main tenance  organ i zat i on .  

On  completion  of  the  mod i fi cati ons ,  al l  "as  f i t ted"  drawings  and  other re levan t  system  records  
shou ld  be  updated  as  appropriate.  

On  comm ission ing  of  the  work and  completi on  of  the  tests,  a  mod i f icati on  certi f i cate  shou ld  be  
i ssued,  conf i rm ing  that  the  work has  been  carri ed  ou t  i n  accordance  wi th  the  
recommendations  of  th is  document,  or  i den ti fyi ng  any variat ions  (see  Annex H  for  a  model  
modi f icati on  cert i f icate) .  

Where  responsibi l i ty for the  compl iance,  or  otherwise,  of  the  mod i fi ed  system  rests  wi th  any 
person  other than  the  organ i zati on  carryi ng  ou t  the  mod i fi cati on ,  that  person  shou ld  s i gn  the  
appropriate  secti on  of  the  modi f ication  certi f i cate  and  ensure  i t  i s  made  avai lable  wi th  the  
system  documentati on .  

21  User responsibi l i ties  

21 . 1  Responsible  person  

A s i ng le,  named  responsible  person  shou ld  be  appoin ted  to  supervise  al l  matters  pertain ing  to  
the  HLS.  The  respons ible  person  shou ld  be  g i ven  su ff ic ien t  au thori ty to  carry ou t  the  du ti es  
described  i n  Art ic le  21  and  shou ld  normal l y be  the  keeper of  the  documentati on  of  the  system .   

The  responsible  person  shou ld  perform  the  fol l owing .  

a)  Ensure  that  the  HLS is  checked  at  l east  once  a  week,  or  before  each  use  i f  the  HLS i s  
used  l ess  frequentl y than  once  a week,  to  con fi rm  that  there  are  no  fau l ts  on  the  system .  

b)  Ensure  that  arrangemen ts  are  i n  p lace  for  test i ng  and  main tenance  of  the  system .  

c)  Ensure  that  the  system  l ogbook i s  kept  up  to  date  and  i s  avai lable  for  i nspection  by any 
au thori zed  person .  

d )  Ensure  that  au thori zed  operators  of  the  HLS are  instructed  i n  the  proper use  of  the  
system .  Part icu lar care  shou ld  be  taken  to  ensure  that  operators  are  able  to  i n terpret  fau l t  
i nd icati ons  and  that  they are  adequatel y fam i l i ar wi th  the  appropriate  con trols  and  the  
ci rcumstances  i n  wh ich  they shou ld ,  and  shou ld  not,  be  used .   

e)  Ensure  that  the  persons  responsible  for  rou ti ne  testing  are  trained  i n  the  use  of  the  
portable  f ie ld  s treng th  meter or  f i xed  loop mon i tor,  wh ichever  i s  appl icable.  

f)  Establ i sh  a l iaison  between  those  respons ible  for changes  i n ,  or  main tenance  of,  the  
bu i l d ing  fabric  ( i ncl ud ing  redecorati on)  to  ensure  that  the  work does  not  u nnecessari l y 
comprom ise  the  performance  of  the  system  or create  system  fau l ts .  I f  structural  or  
occupancy changes  occur or  are  planned ,  the  responsible  person  shou ld  ensure  that  any 
necessary changes  to  the  HLS  are  cons idered  at  an  earl y stage.  

g )  Ensure  that  operating  i nstructions  and  "as  f i tted"  d rawings  are  updated  when  changes  
have  been  made  to  the  system .  

h )  Ensure  that  the  spare  parts  agreed  between  the  user and  the  organ i zation  respons ible  for  
the  main tenance  of  the  system  are  held  wi th in  the  prem ises.  
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21 .2  Logbook 

The fo l l owing  i n formation  shou ld  be  recorded  i n  the  l ogbook:  

a)  the  name of  the  responsible  person;  

b)  detai l s  of  the  main tenance  organ izati on ;  

c)  brief  detai ls  of  main tenance  arrangements ;  

d )  dates,  t imes  and  types  of  al l  tests ;  

e)  dates,  t imes  and  types  of  al l  fau l ts  and  defects;  

f)  dates  and  types  of  al l  main tenance  (e. g .  main tenance  vis i t  or  non- rou tine  atten tion) .  

I t  i s  important  to  ensure  that  the  l og  book i s  updated  to  refl ect  any changes  of  respons ible  
person ,  main tenance  organ i zati on ,  or  main tenance  arrangements .  
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Annex A 
( in formative)  

  
HLS moni toring  receivers  

A.1  General  

A f i xed  mon i tor  receiver  (se  I EC  62489-1 )  shou ld  be  s i ted  so  that  non- techn ical  staff  and  
members  of  the  publ ic  can  eas i l y veri fy whether the  HLS i s  working .  I n  aud i tori ums,  care  
shou ld  be  taken  that  the  aud ible  and/or vi s ible  ou tpu t  i s  not  d i stracting  and  the  mon i tor ou tpu t  
can  also  be  relayed  to  the  sound  system  con trol  po in t.  Portable  mon i tor receivers  shou ld  be  
used  for checking  the  performance  of  the  system  in  al l  parts  of  the  coverage  area,  on  a 
rou tine  bas is  and  after any changes  have  been  made to  the  system  or the  bu i l d i ng ,  or  
poten tial  sources  of  i n terference  have  been  i n troduced .   

A.2  Recommendations for fixed  receivers  

Fixed  receivers  shou ld  conform  to  the  fo l lowing  recommendations.   

a)  The  receiver shou ld  provide  an  aud io  ou tpu t  to  a  l oudspeaker.  A l ockable  pre-set  gai n  
con trol ,  wh ich  cannot  reduce  the  aud io  ou tpu t  to  zero,  shou ld  be  provided.  A "press- to-
l i sten"  swi tch  can  be  provided,  wh ich  shou ld  be  label l ed  as  such .  An  al ternati ve  ou tpu t  
can  be  provided  for  headphones,  at  wh ich  the  open-ci rcu i t  ou tpu t  vo l tage  shou ld  not  

exceed  5  V under any ci rcumstances,  and  the  ou tpu t  source  impedance  shou ld  be  1 20  Ω  
±  1 0  %.  I f  a  headphone  ou tpu t  i s  f i tted ,  su i table  headphones,  of  a  type  that  attenuates  
external  no ise,  shou ld  be  suppl i ed  wi th  the  receiver.  The  l oudspeaker shou ld  g i ve  an  
ou tpu t  sound  pressure  l evel  (SPL)  exceed ing  80  dB  at  300  mm  wi th  the  gain  con tro l  at  
maximum  and  a  f ie ld  s treng th  at  1  kHz of −1 2  dB  (400  mA/m ) .  The  loudspeaker ampl i f i er  
shou ld  not  overload  under these  cond i t i ons .   

b)  The  receiver shou ld  provide  an  i l l um inated  s i gnal  that  i t  i s  i n  operation  and  another to  
show that  i t  i s  receiving  an  adequate  magnetic  f ie l d  s treng th .  

c)  I f  a  s ignal  ou tpu t  i s  provided  for remote  mon i tori ng ,  the  ou tpu t  shou ld  be  balanced  and  
shou ld  have  a rated  vo l tage  of  0 , 775  V,  correspond ing  to  −8  dB  (400  mA/m )  ( i . e.  

0 , 1 6  A/m )  on  the  meter,  and  a  source  impedance  of  approximate l y 75  Ω .   

d )  An  alarm  ou tpu t,  i f  requ i red ,  to  i nd icate  fai l u re  of  reception ,  shou ld  be  i n  the  form  of  an  
i solated,  normal l y c l osed ,  re lay con tact  rated  at  24  V DC,  1  A.  The  th reshold  of  detection  
for the  alarm  ci rcu i t  shou ld  be  chosen  so  that  i t  re l iabl y detects  a real  fau l t  i n  spi te  of  any 
magnetic  i n terference  that  m igh t  be  presen t,  wi thou t  false  tri ggeri ng ,  due,  for  example,  to  
pauses  i n  the  ori g inal  s i gnal .   

e)  A pause  i n  the  speech  of  several  seconds  shou ld  not  cause  the  alarm  to  tri gger.  I f  the  
l oop system  and  the  receiver are  normal l y swi tched  on  some time  before  an  even t,  there  
m ight  be  no  s ign i f i cant  s i gnal  to  the  m icrophone,  so  that  the  alarm  operates.  I n  th is  case ,  
the  alarm  shou ld  not  i n i t i ate  any au tomatic  response.  

f)  The  d i rection  of  maximum  response  of  the  magnetic  p ick-up  device  shou ld  be  marked  on  
the  equ ipmen t enclosure.   

NOTE  The  recei ver can  be  made  sensi t i ve  enough  to  operate  on  overspi l l  f i e l d  s treng ths.  Opti onal l y,  a  means  for  
rotati ng  the  pi ck-up  devi ce  to  a l i gn  wi th  the  magneti c  f i e l d  d i recti on  can  be  provided.  
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A.3  Recommendations for portable receivers  

Portable  receivers  shou ld  con form  to  the  fo l l owing  recommendations.   

a)  The  recommendations  of  Clause  A. 2  for f i xed  receivers  shou ld  be  fo l l owed,  except  that  
there  i s  no  need  for a  provis i on  for a  l oudspeaker,  and  an  ou tpu t  for headphones  i s  
essen tial .  I f  the  open -ci rcu i t  ou tpu t  vo l tage  i s  l im i ted  to  l ess  than  5  V ( for example  i f  a  
1 , 5  V battery i s  used) ,  the  ou tpu t  sou rce  res istance  can  be  reduced  i n  proport i on  from  

1 20  Ω .   

b)  A battery cond i t i on  check or  "battery l ow"  i nd ication  shou ld  be  provided .  
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Annex B  
( in formative)  

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

 

B.1  General  

An  HLS  is  a  method  of  improving  communication  wi th  heari ng -aid  users  us ing  magnetic  f i e lds .  
A bas ic  HLS comprises  a  cable  i n  the  form  of  a  l oop,  often  l aid  around  the  perimeter of  the  
room ,  hal l ,  church ,  theatre,  etc.  i n  wh ich  the  HLS faci l i ty i s  to  be  provided.  Other types  of  HLS  
i ncl ude  portable  systems  and  systems  for counters  and  help  po in ts.  The  l oop cable  i s  
connected  via an  ampl i f i er  to  one  or more  m icrophones  or other source(s)  of  sound  s i gnals ,  
such  as  a rad io  receiver  or  CD  p layer.  The  ampl i f i er  produces  an  aud io- frequency e lectric  
curren t  i n  the  l oop  cable ,  caus ing  a  magnetic  f ie ld  to  be  produced  i n  the  vic in i ty of  the  l oop.  
Th is  magnetic  f i e ld  i s  a  reproduction  of  the  s i gnal  feed ing  the  ampl i f ier,  and  can  be  p icked  up  
by su i table  hearing  ai ds  and  receivers.   

Th is  document i s  pri ncipal l y concerned  wi th  HLS  for hearing  enhancement,  for  wh ich  
receivers  are  normal l y hearing  ai ds  equ ipped  wi th  a te lecoi l  ( the  use  of  wh ich  i s  
conventi onal l y des ignated  as  "set  to  T") .  The  majori ty of  hearing  ai ds  i ncorporate  th is  feature,  
bu t  i t  m igh t  not  be  acti vated  at  the  time  the  hearing  ai d  i s  d ispensed.  Heari ng  aids  set  to  T  
p ick up  the  magnetic  f i e ld  and  produce  sound  i n  the  ear  of  the  wearer.  For heari ng  ai ds  
wi thout  th is  feature,  a  special  l oop  l i stener  i s  requ i red .  

NOTE  1  I n  newer heari ng  ai ds,  the  T  i npu t  can  be  ass i gned  to  a  user-selectable  prog ram  that  can  be  se lected  by 
( typ i cal l y)  operat i ng  a  smal l  push-bu tton  on  the  heari ng  ai d .  I t  i s  important  to  note  that  i t  can  be  d i ff i cu l t  to  
determ ine  external l y  i f  such  a  heari n g  ai d  i s  f i t ted  wi th  a  coi l ,  and  i f  i t  has  been  ass i gned  to  a  prog ram .  

The  express ion  MT i s  conventi onal l y  used  to  i n d i cate  a  s i tuat i on  i n  wh i ch  both  magneti c  and  acoust i c  s i g nal s  are  
bei ng  pi cked  up  s imu l taneously  by the  heari ng  ai d  or recei ver.  Th i s  combined  sett i n g  m igh t  be  preferred  by the  
user i n  certai n  s i tuat i ons  – for i nstance,  i n  o rder to  be  able  to  hear al ert i ng  o r  emergency sounds  or alarms.  

As  most  hearing  aid  users  are  s tand ing  or s i tt i ng ,  and  most  heari ng  aids  have  vert ical  or  near-
vert ical  te lecoi ls ,  on l y the  vertical  componen t  of  the  magnetic  f ie l d  of  an  area-coverage  loop 
system  i s  usefu l  everywhere  wi th i n  the  usefu l  magnetic  f i e l d  vo lume  and  the  l i s ten ing  plane  i s  
hori zon tal .  However,  i n  the  ou ter  reg ions  of  some l oop  systems,  or  i f  the  user i s  l yi ng  down,  
the  hori zontal  componen t  of  the  magnetic  f i e ld  can  be  usefu l .  The  l i s ten ing  p lane  for seated  
l i steners  i s  conven tional l y taken  as  1 , 2  m  above  f loor l evel  and  that  for s tand ing  l i s teners  as  
1 , 7  m  above  f l oor l evel .  Where  a s i ng le  p lane  hei gh t  i s  requ i red  for des ign  purposes,  i t  shou ld  
be  taken  as  being  1 . 45  m  above  f l oor  l evel ,  and  the  resu l tan t  des ign  checked  for he ights  of  
1 , 2  m  and  1 , 7  m .   

NOTE  2  Sound  consi s ts  of  vi brat i ons ,  usual l y  i n  ai r.  The  number of  vi brat i ons  per second  i s  re lated  to  the  pi tch  
(h i gh  or  l ow)  of  the  sound ,  and  i s  cal l ed  the  " frequency" ,  wh i ch  i s  measu red  i n  h ertz  (Hz) .  1  Hz  i s  equal  to  one  
vi brati on  per second .  Frequencies  wi th i n  the  range  from  20  Hz  to  20  000  Hz  (20  kHz)  conventi onal l y  cover the  
range  of  human  heari ng .  For the  purposes  of  th i s  document,  the  extremes  of  th i s  range  are  of  l esser importance,  
and  atten ti on  i s  concentrated  on  a  restri cted  range,  f rom  1 00  Hz  (a l i t t l e  more  than  one  octave  bel ow m idd l e  C)  to  
5  kHz  (approximatel y  fou r octaves  above  m idd le  C) .   

B.2  Benefi ts  of  HLS (for hearing  enhancement)  

Whi le  heari ng  aid (s)  worn  by a person  wi th  impai red  heari ng  can  provide  a usefu l  
improvement  to  the  effecti veness  of  heari ng  l ocal  conversati ons ,  they are  not  so  effecti ve  
when  l i s ten ing  to  speech  or mus ic  at  a  d i s tance.  Th is  i s  because  the  m icrophone  of  the  
hearing  ai d  p icks  up  the  wanted  speech  or music  together  wi th  the  general  no ise  and  
reverberati on  of  the  room  and  the  unwanted  speech  of  other  conversations.  
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General  no ise  and  unwanted  conversations  present  l ess  of  a  problem  for people  wi th  normal  
heari ng ,  as  they are  better able  to  focus  on  to  the  wanted  sound.  I f  a  su i table  m icrophone  i s  
p laced  near  the  source  of  wanted  sound,  and  coupled  by some means  to  a  hearing  ai d  or  
other su i table  l i s ten ing  device,  the  problems  of  reverberation  and  unwanted  no ise  are,  to  a  
l arge  extent,  overcome,  and  the  l i s tener  hears  the  sound  more  c learl y.  

Wh i le  the  coupl i ng  between  remote  m icrophones  and  heari ng  aids  (or other l i s ten ing  devices)  
can  be  ach ieved  by means  of  wi res ,  i n fra-red  rad iat ion  or  rad io  transm ission ,  magnetic  
i nduction  provides  a  s imple  means  by wh ich  users  of  hearing  ai ds  wi th  a T  ( telecoi l )  fu nction  
can  receive  the  transm issions  wi thout  the  need  for add i t ional  equ ipmen t.  The  wearer can  be  
l ocated  anywhere  covered  by the  i nduction- loop and  can  move  around,  s tand  up,  or  s i t  down  
as  necessary.  There  i s  no  i nconven ience  of  a  trai l i ng  wi re  and  use  can  be  made  of  the  user’s  
own  heari ng  aid  wh ich  i s  correctl y matched  to  the  heari ng  def ic iency.  An  HLS  does  not  
requ i re  special  receivers  to  be  i ssued  to  and  co l lected  from  the  users.  Th is  saves  equ ipment 
and  the  associated  adm in istrati ve  costs .  

HLS are  appropriate  for i nstal lati on  where  i n formation  needs  to  be  imparted ,  for  example  i n  
theatres,  con ference  rooms,  cinemas,  places  of  worsh ip,  meeti ng  hal l s ,  shopping  areas,  and  
education  establ ishments,  and  also  for passenger hand l i ng  bu i ld i ngs  associated  wi th  rai l ,  sea 
and  ai r  transport.  Smal ler  scale  i nstal l at ions  in  household  prem ises  and  res iden tial  homes  can  
i ncrease  en joyment of  rad io,  te levis ion  programmes  and  personal  computers.  HLS can  also  
prove  to  be  valuable  for i n terview areas,  t i cket  booths  and  service  coun ters  ( t i cket  off ice  
systems) .  Al l  of  these  faci l i t i es  can  enable  people  wi th  impai red  heari ng  to  partic ipate  more  
fu l l y i n  the  re levan t  proceed ings.  

The  majori ty of  HLS can  be  successfu l l y des i gned  and  i nstal led  at  reasonable  cost.  Advice  on  
l i kel y costs  can  be  obtained  from  caring  organ i zati ons  or from  appropriate  trade  associati ons.  
As  a  general  ru le ,  smal l  sys tems  i n  s imple  bu i l d ings  can  g i ve  good  resu l ts  wi th  a s imple  
approach  to  des ign  and  main tenance.  Large  i nstal l ati ons  and  those  i n  compl icated  bu i ld i ngs  
do,  however,  requ i re  considerable  care  and  can  prove  to  be  re lati ve l y more  costl y.  

B.3  Limi tations of  HLS 

When  usi ng  a hearing  aid  set  to  T,  and  there  can  be  long  periods  wi thout  any s i gnal  be ing  
sen t  to  the  system ,  hearing  aid  users  m igh t  th i nk that  the  system  is  not  working .  I n  these  
i nstances,  i t  can  be  des i rable  to  g i ve  reassurance  that  the  system  is  i n  operati on  by the  use  of  
a  "confidence  s i gnal " ,  a  tone-burst  or  "p ip"  that  repeats  very ten  seconds  or  so.  Care  i s  
requ i red  that  such  a  feature  does  not  become annoying .  

The  benefi ts  g i ven  by HLS are  l ost  i f  the  system  is  not  properl y managed  and  main tained  to  
ensure  that  i t  i s  avai lable  when  requ i red  and  ad j usted  to  su i t  the  c i rcumstances.   

Fai lu re  of  an  HLS  m ight  not  be  evident  to  the  owners  or managers  of  the  i nstal lati on  un less  
mon i tori ng  i s  provided  (see  Annex A) .   

The  operati on  of  an  HLS can  be  affected  by 

a)  the  effect  of  metal  i n  the  bu i l d ing  s tructu re  and  wi th in  the  coverage  area,  

b)  magnetic  f ie ld  overspi l l  from  ad jacen t  HLS,  and  

c)  magnetic  no ise  i n terference.  

The  overal l  effects  of  these  factors  shou ld  be  i den ti f ied  du ri ng  the  s i te  assessment.  
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Annex C  
( in formative)  

 
Explanations  of the basis  of the design  formulas  

C.1  Magnetic  field  strength  

C.1 . 1  Magnetic  f i eld  strength  produced  by an  element  of  conductor  

By Ampère’s  ru le  (also  attr i bu ted  to  Laplace,  and  to  Biot  and  Savart) ,  the  magneti zi ng  force  

dH at  a  po in t  P ,  d is tance  d from  a conductor e lement dx i n  conductor XL  carryi ng  a cu rren t  I i s  
g i ven  by the  fo l lowing  formu la:  
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C.1 .2  Field  streng th  produced  by a  ci rcu lar  loop at  a  point  on  i ts  axis  

Consider a conductor i n  the  form  of  a  ci rcu lar l oop  of  rad ius  r and  centre  C,  carrying  a cu rren t  
I [see  F igure  C. 1 ) ] .  The  f i el d  streng th  H at  the  poin t  P on  the  axis  of  the  l oop i s  g i ven  by the  
fo l l owing  formu la:  

( ) si nH H θ= ∑ δ
 

a long  the  axis ,  and  by symmetry,  the  components  perpend icu lar to  the  axis  sum  to  zero.  
Thus:  
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a)  Produced  by an  element  of  
conductor XL  

b)  Produced  by a  ci rcu lar  l oop  

Figure C. 1  – Generation  of  magnetic  f i elds  
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I f  h  =  0 ,  r =  d,  so  that  the  f i e l d  streng th  H0  at  the  cen tre  of  a  c i rcu lar  loop i s  g i ven  by:  
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The  ratio  of  the  f ie ld  s treng th  at  the  cen tre  to  that  at  any po in t  on  the  axis  i s  g i ven  by:  
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Expressed  i n  terms  of  the  hei gh t  rat i o  hn ,  wh ich  for  a  c i rcu lar l oop  i s  equal  to  h/r,  th i s  
becomes:  

( )3 / 220 1 n
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Values  of  th is  functi on  for values  of  hn  from  0  to  1 2  are  g i ven  i n  Table  C. 1 ,  for  comparison  
wi th  the  corresponding  values  for square  and  rectangu lar  loops.  
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Table  C. 1  – Factor by wh ich  the  loop current  has  to  be increased ,  compared   
wi th  that  requ i red  for a  g iven  magnetic  fi eld  strength  at  the  centre  of  a  square   

loop,  to  obtain  the  same field  strength  for  a  rectangu lar  loop at  a  poin t  at  height   
ratio  of  hn  above or  below the centre of  the loop 

Heigh t  
ratio,  
h
n
 

Rectangu l ar  l oop  Ci rcu lar  
l oop  

Values  of  aspect  ratio  γ  

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 , 1 00  1 , 01 3  1 , 01 5  1 , 01 9  1 , 024  1 , 029  1 , 034  1 , 039  1 , 044  1 , 049  1 , 054  1 , 059  1 , 064  1 , 01 5  

0 , 200  1 , 050  1 , 059  1 , 076  1 , 095  1 , 1 1 5  1 , 1 35  1 , 1 55  1 , 1 76  1 , 1 96  1 , 21 6  1 , 236  1 , 256  1 , 061  

0 , 300  1 , 1 1 4  1 , 1 34  1 , 1 71  1 , 21 3  1 , 258  1 , 303  1 , 348  1 , 394  1 , 439  1 , 484  1 , 530  1 , 575  1 , 1 38  

0 , 400  1 , 206  1 , 239  1 , 304  1 , 378  1 , 456  1 , 536  1 , 61 6  1 , 696  1 , 777  1 , 857  1 , 938  2, 01 8  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, 01 7  2, 1 91  2 , 369  2, 547  2, 726  2 , 906  3 , 086  3 , 266  1 , 586  

0 , 700  1 , 663  1 , 755  1 , 937  2 , 1 50  2, 378  2 , 61 3  2 , 851  3 , 092  3 , 334  3 , 577  3 , 821  4, 065  1 , 81 9  

0 , 800  1 , 884  2 , 001  2 , 231  2 , 503  2, 795  3 , 097  3 , 404  3 , 71 5  4, 029  4, 344  4, 660  4, 977  2, 1 00  

0 , 900  2, 1 45  2 , 288  2, 570  2 , 906  3 , 268  3 , 644  4, 028  4, 41 7  4, 81 0  5 , 205  5, 603  6, 001  2 , 435  

1 , 000  2, 449  2 , 61 9  2, 958  3 , 363  3 , 801  4, 256  4, 724  5, 1 98  5, 678  6 , 1 62  6, 648  7, 1 36  2, 828  

1 , 1 00  2, 800  2 , 999  3 , 398  3 , 876  4, 395  4, 937  5 , 494  6, 060  6, 634  7, 21 3  7, 796  8 , 383  3 , 285  

1 , 200  3 , 200  3 , 431  3 , 893  4, 450  5, 055  5, 688  6 , 341  7, 006  7, 681  8 , 362  9, 050  9 , 741  3 , 81 1  

1 , 300  3 , 654  3 , 91 8  4, 448  5 , 088  5, 784  6, 51 5  7, 269  8, 039  8 , 821  9 , 61 2  1 0 , 41 0  1 1 , 21 4  4, 41 2  

1 , 400  4, 1 65  4, 465  5 , 067  5, 794  6 , 587  7, 421  8, 282  9 , 1 63  1 0 , 058  1 0, 965  1 1 , 881  1 2 , 804  5, 093  

1 , 500  4, 738  5, 075  5 , 754  6, 574  7, 469  8 , 41 2  9 , 386  1 0, 383  1 1 , 398  1 2, 426  1 3 , 466  1 4, 51 5  5, 859  

1 , 600  5 , 375  5, 753  6 , 51 3  7, 431  8 , 435  9 , 491  1 0, 584  1 1 , 703  1 2, 844  1 4, 000  1 5, 1 70  1 6, 351  6, 71 7  

1 , 700  6 , 083  6, 504  7, 349  8, 371  9 , 488  1 0, 665  1 1 , 882  1 3, 1 30  1 4, 402  1 5, 692  1 6, 999  1 8, 31 8  7, 672  

1 , 800  6 , 863  7, 330  8 , 267  9, 399  1 0 , 636  1 1 , 938  1 3 , 286  1 4, 668  1 6, 077  1 7, 508  1 8, 957  20, 421  8, 731  

1 , 900  7, 721  8, 237  9 , 271  1 0, 51 9  1 1 , 882  1 3, 31 7  1 4, 802  1 6, 325  1 7, 877  1 9 , 454  21 , 051  22, 666  9, 898  

2 , 000  8 , 660  9, 228  1 0 , 366  1 1 , 737  1 3 , 233  1 4, 806  1 6, 435  1 8, 1 04  1 9 , 807  21 , 536  23, 288  25, 060  1 1 , 1 80  

 

C.2  Magnetic  field  strength  at  the centre of  a  rectangular loop  

Consider a conductor,  i n  the  form  of  a  rectangu lar  l oop WXYZ,  s i des  A and  B,  wi th  cen tre  O,  
carryi ng  a  cu rren t  (see  F igure  C. 2) .  

The  f i e l d  at  O  due  to  e l ement dx (see  C. 1 . 1 )  i s  g i ven  by:  

cos
2

H I
B

ψ
ψ

π
 =  
 

δ
δ

 

s i nce  OE  =  B/2.  Therefore,  the  f i e l d  at  O  due  to  conductor  WX i s  g i ven  by:  

wx cos d
2

I
H

B
ψ ψ

π
Φ

−Φ
= ∫

 

where  

WE
arctan arct an

OE

A

B

   Φ = =   
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Thus:  

( )
WX

2 2

I A
H

B A Bπ

 
  =   

   +
   

S im i larl y,  the  f i e ld  at  O  due  to  CD  i s  g i ven  by the  same formu la,  and  that  due  to  BC  or DA is  
g i ven  by:  

( )
XY ZW

2 2

I B
H H

B A Bπ

 
  = =    

   +
   

and  al l  these  f ie l ds  are  i n  the  same d i rection ,  so  the  total  f i e ld  streng th  at  O  i s  g i ven  by:  

( ) ( )
( )

0
2 2 2 2

2 2

2

2

I A B
H

B A B A A B

I A B

AB

π

π

 
  = +   

   + +
 

+
=

 

 

Figure C.2  – Diag ram  for calcu lating  magnetic  f ield  strength  
at  the  centre of  a  rectangular  l oop  

C.3  Magnetic  field  strength  at  an  arbi trary point  

To calcu late  the  magneti c  f i e l d  streng th  at  an  arbi trary po in t  due  to  a current  i n  a  rectangu lar 
l oop,  l ead ing  to  the  cu rren t  requ i red  for a  g i ven  f i e ld  streng th  at  the  cen tre  of  the  loop and  the  
variation  of  f ie ld  s treng th  wi th  d istance  from  the  plane  of  the  l oop,  cons ider  F i gure  C. 3  i n  
wh ich  XQY i s  a  conductor having  a  r i gh t-ang le  bend  at  Q.  

IEC  
Z  

ψ  

Y  

O  

dx 

Φ  

W  E  X  

WX =  A 

XY =  B  
WE =  EX  
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By Ampère’s  ru le,  the  magnetic  f i e l d  vector perpend icu lar  to  p lane  PXQ,  due  to  cu rren t  I i n  an  

e lement  of  conductor dy i s  g i ven  by:  

XQ 2

cos

4

I y
H

s

ϕ

π
=

δ
δ

 

where  

PX
cos

PL

m

s
ϕ = = ;  and  

cos

s
y

ϕ
ϕ

=
δ

δ  

Thus:  

XQ
cos

4 4

I I
H

s m

ϕ ϕ ϕ
π π

= =
δ δ

δ  

so  that  the  f ie l d  due  to  al l  the  conductor paral le l  to  the  y-axis ,  i . e .  XQ (see  Fi gure  C. 3) ,  i s  
g i ven  by:  

XQ 0
cos d

4

I
H

m
ϕ ϕ

π
Φ

= ∫
 

where   

1
2 2 2

2 2 2
cos

x z

x y z

 +
Φ =   + + 

 

Hence:  

( )XQ si n si n 0 si n
4 4

I I
H

m mπ π
= Φ − = Φ  
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Figure C.3  – Diag ram  for calcu lating  magnetic  f ield  strength  at  an  arbi trary point  

From  Figure  C. 4:  

( )2 2 2
si n

y

x y z

Φ =
+ +

 

so  that:  

( ) ( ) ( )
XQ

2 2 2 2 2 2 2 24
4

I y Iy
H

m x y z x z x y z
π

π

 
 

= = 
 + + + + + 

 

 

Figure C.4  – Diag ram  for calcu lat ing  cosΦ  and  sinΦ  

The componen t  i n  the  z-d i recti on ,  HXQz ,  due  to  the  conductor paral l e l  to  the  y-axis   
(see  Fi gure  C. 3)  i s  g i ven  by:  

IEC  

dy θ  

O  

y 

P  

I x 

θ  

X  
(x,  0 ,  0 )  

L  
Q  

(0 ,  y,  0 )  Y  

m  
s  

Φ  
φ  

(0 ,  0 ,  z)  

H 
z 

IEC  
X  y 

P  

Q  

Φ  

 √  (x2  +  z2 )   √  (x2  +  y2+  z2 )  
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( ) ( )
XQ XQ

2 2 2 2 2
cos

4
z

Ixy
H H

x z x y z

θ
π

= =
+ + +

 

A s im i lar  expression  g i ves  the  component  due  to  the  conductor paral le l  to  the  x-axis,  so  that  
the  total  f i e l d  s treng th  i n  the  z-d i recti on  HXQYz  i s  g i ven  by:  

( )
XQY 2 2 2 22 2 2

1 1

4 (
z

Ixy
H

x y y zx y zπ

 
= +  + + + +

 

wh ich  agrees  wi th  Formu la ( 1 )  g i ven  in  [2] .  

S im i larl y,  the  hori zon tal  component  i n  the  x-d i rection ,  wh ich  i s  due  to  the  conductor paral le l  to  
the  y-axis,  i s  g i ven  by:  

( ) ( )
QY QY

2 2 2 2 2
cos

4
x

Iyz
H H

x z x y z

θ
π

= =
+ + +

 

wh ich  agrees  wi th  formu la (2)  g i ven  i n  [2] ,  and  there  i s  an  analogous  expression  for the  
hori zon tal  componen t  i n  the  y-d i rection .  

These  express ions  become i ndeterm inate  at  the  i n teresti ng  poin t  (0 ,  0 ,  0) ,  so ,  us ing  the  
method  g iven  i n  [2 ]  bu t  us ing  the  notati on  g i ven  i n  th is  document,  a  rectangu lar l oop  i s  bu i l t  
up  wi th  s ides  A  =  2p,  B =  2q,  as  shown  i n  F i gu re  C. 5,  and  the  new variables  x1  =  (p  – x) ,  x2  =  
(p  +  x) ,  y1  =  (q – y)  and  y2  =  (q +  y)  are  defi ned .  The  f i e ld  streng th  i n  the  z-d i rection  at  a  poi n t 
(x,  y,  z)  for  a  curren t  I i n  the  l oop  i s  then  g i ven  by the  formu la:  

( )
2 2

2 2 2 22 2 21 1

1 1
( , , )

4

i j
z

i j i ji j

x yI
H x y z

x z y zx y zπ = =

 
 = +
 + ++ +  

∑∑

 

At  the  poin t  (0 ,  0 ,  0) ,  the  cen tre  of  the  l oop,  th is  becomes:  

( )2 2

0

p qI
H

pqπ

 + 
=  

 
   

as  deri ved  d i rectl y i n  C lause  C. 2,  so  that:  

0
2ID

H
ABπ

=
 

Hence,  

0

2

ABH
I

D

π
=

 

Also ,  the  f i e ld  s treng th  at  a  po i n t  (0 ,  0 ,  z) ,  wh ich  represents  a po in t  vert ical l y above  or be low 
the  centre  of  a  hori zontal  l oop,  i s  g i ven  by:  
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( )
0 2 2 2 22 2 2

1 1
z

I pq
H

p z q zp q zπ

 
  

= +    + +  + +
 

 

For a  square  l oop,  p  =  q =  r.  Pu t  z =  h.  Then :  

( )
2

0 2 22 2

2

2
z

I r
H

r hr hπ

 
   

=    
 +  +

 

 

Hence,  

( ) ( )2 2 2

0
3

0

1 2

2( )z

h r hH

H r

+ +
=   

and ,  i f  hn  =  h/r,  the  he igh t  rat io:  

( ) ( )2 2

0

0

1 2

2

n n

z

h hH

H

+ +
=

 

 

Figure C.5  – Diag ram  for calcu lat ing  magnetic  f ield  strength  at  point  (x,  y,  z)  

I n  the  general  case  of  a  rectangu lar l oop,  aspect  rat i o  γ  =  q/p,  substi tu ting  γ  and  hn  =  h/√(pq)  
i n  the  formu la for  H0z  above  g i ves:  

( ) ( ) ( ) ( )
( )

2 2 2 2 2

0

2 2
0

1 1 1

2 1

n n n

z n

h h h
H

H h

γ γ γ γ γ

γ γ
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Th is  formu la connects  the  f i e ld  streng th  at  he ight  rati o  hn  wi th  the  f i e l d  s treng th  at  the  cen tre  

of  a  rectangu lar l oop o f  aspect  rati o  γ.  The  f i e ld  s treng th  decreases  more  s lowly wi th  
perpend icu lar  d i s tance  from  the  p lane  of  a square  loop than  from  that  of  a  l oop of  any other  
aspect  rat i o.   

C.4  Loop conductor sizes  and  resistances  

C.4.1  General  

I n  order  to  develop the  des ign  formu las,  i t  i s  necessary to  deri ve  the  resistance  of  the  l oop 
conductor i n  terms  of  i ts  material  (assumed  to  be  copper) ,  i ts  area of  cross  secti on  and  i ts  
l eng th ,  from  f i rst  pri nciples.  Th is  deri vati on  i s  g i ven  i n  C. 4. 2  and  the  same  method  can  also  be  
used  to  determ ine  the  res istance  of  a  l oop us ing  a type  of  conductor for  wh ich  there  i s  no  
appl icable  product,  such  as  a r i bbon  cable  for  use  under carpeting .  

Where  the  loop conductor con forms  to  I EC  60228,  Class  1  or  C lass  5,  then  Table  C. 2  and  
Table  C . 3  can  be  used  for qu ick reference.  

C.4.2  Resistance of  the loop  conductor and  relation  between  conductor size  and  cut-
off  frequency for a  vol tage-driven  loop  

The average  res ist i vi ty of  copper,  as  used  i n  wi re ,  at  0  °C  i s  ρ0  =  1 6, 5  nΩ·m ,  and  the  
temperature  coeff icient  of  res istance  i s  a  =  3 , 93  ×  1 0

–3
 K

–1
 at  room  temperatu re.  The  l oop  

conductor i s  heated  by the  cu rrent  f l owing  th rough  i t,  so  i t  i s  above  room  temperature.  
External  sources  of  heat  such  as  cen tral  heating  pipes  can  also  raise  the  temperature  of  the  
conductor to  a  g reater exten t  than  the  heating  due  to  the  curren t.  The  temperature  rise  of  a  
copper conductor i s  s l i gh tl y l arger than  proport ional  to  the  square  of  the  curren t,  because  the  
temperature  coeff ici ent  of  res is tance  i s  pos i ti ve.  The  temperature  l im i t  for  wide l y-used  PVC  
(or s im i lar)  i nsu lated  conductor i n  a  cable  operati ng  at  i ts  rated  cu rren t  i s  70  °C.  For a 
conductor whose  rated  curren t  i s  su ff ici ent  to  produce  a  magnetic  f i e ld  s treng th  of  400  mA/m ,  
the  long-term  average  curren t  (producing  a f i e l d  streng th  of  approximate l y 1 00  mA/m )  i s  
therefore  su ffi cient  to  produce  a temperatu re  ri se  of  abou t  2  K above  an  assumed  20  °C  

ambien t  temperature,  wh ich  i s  neg l i g ible  i n  th i s  case.  The  resis ti vi ty at  θ  =  20  °C  i s  g i ven  by:  

( )20 0 1 1 7.8n maρ ρ θ= + = Ω ⋅
 

Both  the  res ist i vi ty and  the  temperatu re  coeff ic ient  of  res istance  of  manufactured  conductors  
can  d i ffer s l i gh t l y from  these  values  (see  Table  C. 2  and  Table  C. 3) .  The  resistance  i n  ohms  of  
a  rectangu lar l oop,  s i des  A  and  B,  o f  copper  wi re  wi th  d iameter d i s  g i ven  by:  

( ) ( )7
20

2 2

8 1 .42 1 0A B A B
R

d d

ρ

π π

−+ × +
= =

 

For  a  vo l tage-dri ven  l oop  at  the  cu t-off  frequency fc  (at  wh ich  the  cu rren t  fal ls  by 3  dB referred  
to  i ts  l ow-frequency value) ,  the  l oop res is tance  and  i nducti ve  reactance  are  equal .  That  i s :  

( ) ( )7
6

2

1 .42 1 0
2 4 1 0c

A B
f A B

d
π

π

−
− × +

× × + =
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Table  C.2  – Class  5  fl exible annealed  copper conductors  for standard   
sing le-core  and  mu l ti -core cables  

Nominal  cross 
section  

Number/d iameter  o f  
conductors  

Effecti ve 
d iameter  

Maximum  resistance 
at  20  °C  

Current  rating  

mm 2  mm −1  mm  mΩ ·m −1  A 

0, 22  7/0, 2  0 , 53  92, 0  1 , 4  

0, 40  1 3/0, 2  0 , 71  48, 0  1 , 8  

0, 50  1 6/0, 2  0 , 80  39, 0  3  

0 , 75  24/0, 2  0 , 98  26, 0  6  

1 , 00  32/0, 2  1 , 1 0  1 9, 5  1 0  

1 , 25  40/0, 2  1 , 26  1 5, 6  1 3  

NOTE  Effect i ve  d i ameter val ues  are  cal cu lated .  

 

Hence,  the  cross-sectional  area ( i n  m 2)  i s  g i ven  by:  

2 7 3

6

1 .42 1 0 1 .42 1 0

4 32 1 0 cc

d

ff

π

π

− −

−
× ×

= =
×

 

I t  shou ld  be  noted  that  the  terms  (A  +  B)  cancel ,  so  that  the  resu l t  does  not  depend  on  the  
l oop  d imens ions.  

C.4.3  Qu ick reference tables  (derived  from  IEC  60228)  

The values  of  res istance  g i ven  i n  Table  C. 2  and  Table  C .3  are  the  maximum  values  perm i tted  
(or extrapolated  from  those)  i n  I EC  60228.  Values  calcu lated  by the  method  g iven  i n  C. 4. 2 ,  
and  actual  measured  values,  are  usual l y l ower.  

Table  C.3  – Class  1  sol id  annealed  copper conductors for sing le-core  
and  mu l ti -core cables  

Nominal  cross section  Effecti ve d i ameter  Maximum  resistance at  20  °C  Current  rati ng  

mm 2  mm  mΩ ·m - 1  A 

0, 50  0 , 80  36, 0  — 

0 , 75  0 , 98  24, 5  — 

1 , 00  1 , 1 0  1 8, 1  1 1 , 0  

1 , 50  1 , 38  1 2 , 1  1 4, 5  

2 , 50  1 , 80  7, 41  1 9, 5  

4, 00  2 , 26  4, 61  26, 0  

NOTE  1  E ffect i ve  d i ameter val ues  are  cal cu l ated .  

 

C.4.4  Inductance of  two  paral lel  wi res,  l ead ing  to  the  inductance of  a  rectangular  
loop  

This  anal ys is  uses  the  method  g i ven  i n  [4] .  Consider two  paral l e l  wi res,  P  and  Q,  rad ius  a  and  
separati on  D,  wi th  D  >>  a,  carryi ng  a cu rren t  I i n  opposi te  d i rections.  For the  wi re  P ,  the  
magnetic  f i e l d  s treng th  at  rad ius  r,  Hr  i s  g i ven  by:  

2
r

I
H

rπ
=
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and  the  f l ux  dens i ty at  rad ius  r,  Br  i s  g i ven  by:  

2
r

I
B

r

µ
π

=
 

Consider a cyl i ndrical  she l l ,  rad i us  r and  th ickness  dr.  The  total  f l ux  i n  1  m  l eng th  of  shel l ,  φ  i s  
g i ven  by:   

2
r

I r
B r

r r

µ
φ

π
 = =  
 

δ
δ

 

Th is  f lux  l i nks  wi th  wi re  P  alone.  

Linkage  wi th  conductor P  due  to  f l ux  i n  an  e lemen t,  ΦPe  i s  g i ven  by:  

Pe
2

I r

r

µ
π

 Φ =  
 

δ

 

Thus,  total  l i nkages  wi th  P  due  to  current  i n  P,  ΦPP  i s  g i ven  by:  

PP
d

l n
2 2

R

a

I r I R

r a

µ µ
π π

 Φ = =  
 ∫  

where  R i s  a  very l arge  rad ius.  

S im i larl y,  total  l i nkages  wi th  Q  due  to  cu rren t  i n  P ,  ΦQP  i s  g i ven  by:  

QP
d

l n
2 2

R

D

I r I R

r D

µ µ
π π

 Φ = =  
 ∫

 

to tal  l i nkages  wi th  Q  due  to  current  i n  Q,  ΦQQ  i s  g i ven  by:  

QQ l n
2

I R

a

µ
π

 Φ =  
   

to tal  l i nkages  wi th  P  due  to  current  i n  Q,  ΦPQ  i s  g i ven  by:  

PQ l n
2

I R

D

µ
π

 Φ =  
   

Thus,  total  l i nkages  wi th  P,  ΦP  i s  g i ven  by:  

PQ l n l n l n
2 2

I R R I D

a D a

µ µ
π π

      Φ = − =              

and  the  total  l i nkages  wi th  Q  are  also  equal  to  th i s.  Therefore,  the  total  i nductance  of  the  two  
wi res  ( i . e.  the  l i nkages  for un i t  cu rrent) ,  per  metre  of  l eng th ,  L i s  g i ven  by:  

2
l n l n

D D
L

a d

µ µ
π π

   = =   
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where  the  wi re  d iameter d =  2a.  At  l ow frequencies,  there  i s  f l ux  i ns ide  the  conductor wh ich  

produces  an  add i t i onal  i nductance  of  µ/4π  i n  henrys  per metre,  bu t  i n  most  of  the  cases  
cons idered  here,  th is  i s  neg l i g ible.  I t  wou ld  not  be  neg l ig ib le  i f  ferromagneti c  wi re  were  used.  

For two  pai rs  of  wi res,  form ing  a  rectangu lar l oop  of  s i des  A  and  B,  the  i nductance  Le  i s  
therefore,  by superposi ti on :  

2 2
l n l ne

A B
L B A

d d

µ
π

    = +          

Th is  formu la i s  d i ff icu l t  to  hand le.  The  s i de  of  a  square  loop  of  equal  perimeter  to  the  
rectangu lar l oop wou ld  be  (A  +  B) /2 ,  and  the  i nductance  La  o f  th i s  wou ld  be:  

( ) l na
A B

L A B
d

µ
π

+ = +  
 

 

I t  i s  found  by calcu lati on  that,  for  aspect  rati os  (B/A)  between  1  and  1 2  (and  therefore  
between  0, 083  and  1 2,  s i nce  A  and  B can  be  i n terchanged) ,  the  rati o  of  La/Le  does  not  
exceed  1 , 2  for values  of  A/d f rom  2  000  to  1 28  000,  wh ich  more  than  covers  the  l ike l y 
practical  range.  Table  C. 4  g i ves  values  for th is  rat i o.  

The  practi cal  range  of  A/d can  be  cons idered  to  extend  from  the  case  of  a  l oop of  smal l er s i de  
3  m  (used  i n  a  household  system ,  for i nstance)  to  a  l oop  of  the  maximum  practicable  s i ze  of  
about  40  m  s ide.  I f  the  conductor d iameters  were  ( i n  confl i ct  wi th  the  des ign  methods  
presented  here)  1 , 4  mm  and  0, 6  mm  respecti vel y,  then  A/d varies  from  2  1 43  to  66  666, 7,  and  
for square  l oops  of  these  d imens ions:  

01 2
2

ln08 ,
d

A
, ≤







≤  

Setti ng  l n 1 0
A B

d

+  = 
 

:  

( )1 0
L A B

µ
π

= +
 

Normal l y,  µ  =  µ0  =  4π  ×  1 0
–7  H /m ,  so  that:  

( )64 1 0L A B−= × +
 

where  L  i s  measured  i n  henrys;  or  

( )4L A B= +
 

where  L  i s  measured  i n  m icrohenrys.  

NOTE  A more  extensi ve  treatment  of  the  cal cu lat i on  of  i n ductance  can  be  found  i n  [2 ] .  
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Table  C.4  – Ratio  of  approximate  to  exact  i nductance  

A/d L
a
/L

e
 

Values of  γ  

1  2  3  4  5  6  7  8  9  1 0  1 1  1 2  

2  000  000  1 , 000  1 , 020  1 , 049  1 , 075  1 , 097  1 , 1 1 7  1 , 1 34  1 , 1 49  1 , 1 63  1 , 1 76  1 , 1 87  1 , 1 98  

4  000  000  1 , 000  1 , 01 9  1 , 045  1 , 069  1 , 090  1 , 1 08  1 , 1 24  1 , 1 38  1 , 1 51  1 , 1 63  1 , 1 73  1 , 1 83  

8  000  000  1 , 000  1 , 01 8  1 , 042  1 , 064  1 , 083  1 , 1 00  1 , 1 1 5  1 , 1 28  1 , 1 40  1 , 1 51  1 , 1 61  1 , 1 70  

1 6  000  000  1 , 000  1 , 01 6  1 , 039  1 , 060  1 , 078  1 , 094  1 , 1 08  1 , 1 20  1 , 1 31  1 , 1 41  1 , 1 51  1 , 1 59  

32  000  000  1 , 000  1 , 01 5  1 , 037  1 , 056  1 , 073  1 , 088  1 , 1 01  1 , 1 1 3  1 , 1 23  1 , 1 33  1 , 1 41  1 , 1 49  

64  000  000  1 , 000  1 , 01 5  1 , 035  1 , 053  1 , 069  1 , 083  1 , 095  1 , 1 06  1 , 1 1 6  1 , 1 25  1 , 1 33  1 , 1 41  

1 28  000  000  1 , 000  1 , 01 4  1 , 033  1 , 050  1 , 065  1 , 078  1 , 090  1 , 1 00  1 , 1 1 0  1 , 1 1 8  1 , 1 26  1 , 1 33  

 

C.4.5  Variation  of  the impedance of  a  loop  of  fi xed  d imensions wi th  conductor 
resistance 

Values  of  L | z |  are  g i ven  i n  Table  C . 5.  

Table  C.5  – Values of  L| z |  

ωL  L
| z |  

Values of  r
n  

0,1 00  0, 1 58  0,251  0,398  0,631  1 ,000  1 ,585  2,51 2  3,981  6,31 0  1 0,000  1 5,849  

0, 1 00  –1 6, 990  –1 4, 545  –1 1 , 361  –7, 734  –3, 982  0 , 043  4, 01 7  8 , 007  1 2, 003  1 6, 001  20, 000  24, 000  

0 , 1 58  –1 4, 545  –1 2, 990  –1 0, 545  –7, 361  –3, 734  0 , 1 08  4, 043  8 , 01 7  1 2 , 007  1 6, 003  20, 001  24, 000  

0 , 251  –1 1 , 361  –1 0, 545  –8, 990  –6, 545  –3, 361  0 , 266  4, 1 08  8 , 043  1 2, 01 7  1 6, 007  20, 003  24, 001  

0 , 398  –7, 734  –7, 361  –6, 545  –4, 990  –2, 545  0 , 639  4, 266  8 , 1 08  1 2 , 043  1 6, 01 7  20, 007  24, 003  

0 , 631  –3, 892  –3, 734  –3, 361  –2, 545  –0, 990  1 , 455  4, 639  8 , 266  1 2, 1 08  1 6, 043  20, 01 7  24, 007  

1 , 000  0 , 043  0 , 1 08  0 , 266  0 , 639  1 , 455  3 , 01 0  5 , 455  8, 639  1 2, 266  1 6, 1 08  20, 043  24, 01 7  

1 , 585  4, 01 7  4, 043  4, 1 08  4, 266  4, 639  5 , 455  7, 01 0  9 , 455  1 2, 639  1 6, 266  20, 1 08  24, 043  

2 , 51 2  8 , 007  8 , 01 7  8 , 043  8 , 1 08  8, 266  8 , 639  9 , 455  1 1 , 01 0  1 3 , 455  1 6, 639  20, 266  24, 1 08  

3 , 981  1 2, 003  1 2, 007  1 2, 01 7  1 2 , 043  1 2, 1 08  1 2 , 266  1 2, 639  1 3 , 455  1 5, 01 0  1 7, 455  20, 639  24, 266  

6 , 31 0  1 6, 001  1 6, 003  1 6, 007  1 6, 01 7  1 6, 043  1 6, 1 08  1 6, 266  1 6, 639  1 7, 455  1 9, 01 0  21 , 455  24, 639  

1 0, 000  20, 000  20, 001  20, 003  20, 007  20, 01 7  20, 043  20, 1 08  20, 266  20, 639  21 , 455  23, 01 0  25, 455  

 

C.4.6  H igh -level  equal izer  

Referri ng  to  F i gure  C. 6:  

( )
( )

1

1
2

1 1 /

RI
R sL

V sC R sC

−
 

= + + 
+   

Let  CR1  =  τ1  and  L/R2  =  τ2 ,  then :  

( )
( ) ( )

1

2 1 2 1

1

1 1

sI

V R s s R

τ

τ τ

+
=

+ + +
 

Let  R1  =  aR2  and  τ2  =  βτ1 ,  then :  
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( )
( ) ( )

12
2 2

1 1

1

1 1

sIR

V a s s

τ

β τ βτ

+
=

+ + + +
 

Let  γ  =  1 /( 1  +  a)  and  τ  =  √(βγ) τ1 ,  then :  

( )
( )

2
2 2

1 /

1 1 /

sIR

V s s

γ τ βγ

τγ β βγ τ

+
=

+ + +
 

I t  i s  poss ible  to  obtain  a  maximal l y f lat  response  us i ng  th is  network,  bu t  i t  i s  not  poss ible  to  
f ind  usable  anal yt ical  expressions  for the  ci rcu i t  va lues  i n  terms  of the  upper −3  dB  frequency 

ωc ,  and  i t  i s  importan t  to  be  able  to  do  th is  i n  practice.  A practicable  so lu t i on ,  g i ving  a smal l  

peak i n  the  response  at  approximate l y 0 , 4ωc  ( not  exceeding  0 , 82  dB) ,  i s  to  force  the  squares  

of  the  modu l i  of  numerator and  denom inator,  after substi tu ting  s  =  jω,  i n to  the  forms  1  +  τ2  
and  1  +  τ4  respectivel y.  Hence  √(βγ)  =  1  and  γ(1  +  β ) /√(βγ)  =  √2,  i . e .  β  =  1  +  √2,  γ  =  √2  – 1  
and  a  =  √2.  Also  τ1  =  τ/√(βγ)  =  τ .  

At the  upper −3  dB  band - l im i t  frequency ωc :  

( )
( )

2 2
c

4 4
c

1 1

21

ω τ

ω τ

+
=

+
 

Therefore:  

2 2
c 1 2 2 1ω τ = + −  

so  that:  

1
c c

1 2 2 1 1 .534
τ τ

ω ω
+ −

= = =  

and :  

2 1
c

3.703
(1 2)τ τ

ω
= + =

 

Thus:  

c
2

3.703

L
R

ω
=  

1 2 22R aR R= =  

and :  

1
2

1

4.01 5

c

C
R L

τ

ω
= =  
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An  example  of  the  frequency response  ach ieved  wi th  a  l oop i nductance  of  1 00  µH  i s  shown  i n  
Fi gu re  C.7.  

 

Figure C.6  – Ci rcu i t  d iagram  of  a  “h igh-level”  or Poperwel l  equal izer  
(for  insertion  between  the ampl i fi er and  the loop)  

 

Figure C.7 – Frequency response obtained  wi th  a  h igh-level  equal izer  
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Annex D  
( in formative)  

 
Explanation  of the speci fication  and  measurement of magnetic  field  

strength  of i nduction-loop systems  
 

IEC 601 1 8-4: 1 981  (now wi thdrawn)  speci f ied  a " l ong- term"  average  f i e ld  streng th  of  0 , 1  A/m  
RMS,  wi thou t  defi n ing  " l ong  term ".  Th is  f i g ure  represented  an  arbi trary bu t  conven ient  value  
based  on  data re lati ng  to  sens i t i vi ti es  of  typical  hearing  aids  and  of  commonl y encoun tered  
background  magnetic  no i se  l evels.  Measurements  of  f i e l d  streng th  at  1  kHz  can  be  performed  
wi th  a s i nusoidal  s i gnal  and  an  ord i nary aud io-frequency vo l tmeter.  However,  such  a 
measurement  does  not  veri fy that  the  requ i red  f ie l d  streng th  i s  produced  by the  speech  
s i gnals,  because  the  m icrophone  gain  con trol  sett ing (s)  can  be  too  l ow or too  h i gh .  I t  i s  
essen tial  to  measure  the  f ie l d  s treng th  produced  by actual  speech  s i gnals .  

I t  i s  not  poss ible  to  ensure  a l ong  term  average  of  0 , 1  A/m ,  un less  the  ampl i f i cati on  system  
possesses  su ff ici ent  headroom  to  accommodate  short  term  bursts  of  l ouder speech .  The  
document  i nd icated  i n  a  note  that  1 2  dB  headroom  i s  su ff i cien t  for  th is  pu rpose,  i . e .  a  short-
term  maximum  fiel d  streng th  of  0 , 4  A/m  RMS i s  needed.   

I t  was  recogn i zed  that  a  defi n i t i ve  headroom  requ i rement cou ld  not  be  stated  s impl y.  I n  
particu lar,  i t  wou ld  not  be  possible  to  speci fy exactl y both  long- term  and  short- term  values,  
wi thout  an  exact  def in i t ion  of  the  s i gnal  be ing  hand led.  Such  a defi n i t i on  wou ld ,  however,  be  
i n  con fl ict  wi th  the  general i ty requ i red  i n  a  document  i n tended  for  work wi th  a wide  range  of  
speech  (and  music)  s i gnals.  As  a resu l t ,  reference  to  the  i ssue  of  headroom  was  restricted  to  
a note  i n  the  document.  However,  th is  i s  i ncons isten t  wi th  the  need  to  ensure  that  the  
ampl i f i er  i s  not  d ri ven  in to  non- l i neari ty duri ng  short  periods  of  louder speech .  I t  also  led  to  
the  m isunderstand ing  that  a  maximum  fie ld  s treng th  of  0 , 1  A/m  was  adequate,  when  
measured  wi th  the  speci f i ed  meter  (see  Annex E) .  

I EC 601 1 8-4:201 4 i s  therefore  based  on  a reference  value  of  f i e ld  streng th  of  400  mA/m ,  
correspond ing  to  the  loudest  speech  s i gnals .  

IEC 601 1 8-4: 1 981  assumed  that  the  short- term  magnetic  f i e l d  streng th  wou ld  be  measured  by 
means  of  a  sound  l evel  meter whose  m icrophone  had  been  replaced  by a magnetic  p ick-up 
co i l .  (For measurements  at  a  f i xed  frequency,  i t  i s  not  necessary to  compensate  for the  r is ing  
frequency response  of  such  an  arrangemen t) .  Th is  meter has  an  RMS detector  and  an  
i n tegrati on  t ime  of  1 25  ms.   

Because  of  the  practical  need  to  check for und istorted  ou tpu t  on  the  more  extreme bursts  of  
speech ,  i t  i s  cons idered  by some experts  that  a  peak programme meter (PPM,  as  speci f ied  i n  
IEC 60268-1 0)  i s  more  su i ted  to  the  task of  measuring  the  magnetic  f i e ld  streng th  (or l oop  
curren t)  of  HLS when  de l i veri ng  real  programme material .  Such  an  i nstrument  i s  also  s impler  
than  one  incorporating  an  RMS detector.  I EC  601 1 8-4:201 4  therefore  al lows  the  use  of  e i ther  
the  RMS/1 25  ms  meter or  the  PPM.  

Because  the  i n tegrati on  time  of  a  PPM  is  very short  ( i . e .  i t  i s  a  peak programme meter) ,  i t  
m ight,  wi th  some speech  s i gnals,  reg ister  h i gher l evels  on  short  bursts  of  speech  than  an  
RMS meter  having  an  i n tegrati on  t ime  of  1 25  ms,  even  though  both  meters  read  the  same on  
a s i nuso idal  s i gnal .   

Almost  al l  HLS ampl i f i ers  i ncorporate  au tomatic  gain  con tro l  (AGC) ,  to  main tain  l oop  curren t  
l evels  despi te  f l uctuations  i n  the  sound  level  presented  to  the  m icrophone(s) .  However,  
d i fferent  techn iques  are  i n  use,  and  these  d i fferences  can  affect  the  cl oseness  of  the  
re lationsh ip  between  the  read ings  of  the  RMS/1 25  ms  meter and  the  PPM.  These  d i fferences  
rarel y exceed  3  dB,  wh ich  i s  normal l y j ust  perceptible  as  a  change  i n  " loudness" .  
Neverthe less ,  3  dB  wou ld  be  importan t  i f  I EC  601 1 8-4  d i d  not  i nclude  a provis ion  to  ad j ust  the  
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magnetic  f i e l d  streng th  as  a resu l t  of  the  opin ions  of  the  users  of  the  system  on  whether the  
reproducti on  i s  of  an  appropriate  loudness.  

NOTE  The  HLS  system  des i gner and  operator have  no  con tro l  over the  sett i ngs  of  the  vo l ume control s  of  the  
heari ng -aids,  wh i ch ,  i n  some cases,  m i gh t  not  be  under the  con trol  of  anyone  except  the  heari ng -aid  d i spenser.  

As  a resu l t  of  the  above  considerations,  i t  i s  advisable  to  fo l l ow the  i nstructi ons  of  the  
manu factu rer of  the  ampl i f i er  as  to  the  type  of  f i e ld  streng th  meter  to  be  used  and  the  f ie l d  
streng th  to  be  obtained.  The  f i nal  goal ,  however,  i s  to  satisfy the  users  of  the  system ,  not  to  
ach ieve  any part icu lar numerical  resu l ts.  Bu t  th is  cannot  be  taken  as  a l i cence  to  i gnore  the  
measured  resu l ts  en ti re l y.  
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Annex E  
(normative)  

 
Speci fication  of the PPM-based  field  strength  meter 

E.1  General  

The meter shou ld  provide  a measurement  of  magnetic  f i e ld  streng th ,  accurate  wi th in  1  dB  at  
1  kHz,  us ing  an  e lectron ic  d isplay having  PPM  characterist ics,  i . e .  an  attack time-constan t  of  
6, 33  ms  i f  the  e lectron ic  d isplay has  neg l ig i ble  latency and  a  retu rn  t ime  of  2 , 3  s  for  20  dB  fal l  
(correspond ing  to  a  d i scharge  t ime-constan t  of  1  s ) .  The  d isplay shou ld  be  scaled  i n  decibels ,  
wi th  +6  dB  as  the  h i ghest  scale  value,  and  shou ld  have  a range  of  at  l east  56  dB.  0  dB  shou ld  
correspond  to  an  RMS magnetic  f i e l d  s treng th  of  0 , 4  A/m ,  measured  wi th  a  con ti nuous  
si nusoidal  s i gnal .   

A swi tch  shou ld  be  provided  to  se lect  two  frequency response  characteristics.  The  swi tch  
pos i t ions  shou ld  be  l abel l ed  "A-weigh ted"  and  "EQ"  (equal i zed) .  I n  the  "A-weigh ted"  pos i t ion ,  
the  frequency response  measured  at  each  e lectrical  ou tpu t  for a  constant  magnetic  f i e ld  
streng th  shou ld  conform  to  the  requ i rements  for A-weigh ting  for C lass  I I  sound  l evel  meters  
speci f ied  i n  I EC  61 672-1 .  I n  the  "EQ"  pos i t i on ,  the  response  shou ld  fal l  wi th in  the  mask shown  
i n  F i gu re  E. 1 .   

I t  i s  necessary to  provide  both  an  "A-weighted"  frequency response,  approximating  to  that  of  
the  human  ear to  low- level  sounds,  as  wel l  as  an  "EQ"  response  for  frequency response  
measurements  and  other techn ical  tests  on  the  system .  The  l atter response  g i ves  
mean ing less  resu l ts  i n  the  presence  of  h i gh  bu t  to lerable  l evels  of  mains-re lated  magnetic  
i n terference.   

 

NOTE  1  The  performance  i s  normal l y  checked  at  the  frequenci es  where  the  to l erance  are  shown.   

NOTE  2  The  reference  0  dB  i s  the  actual  response  at  1  kHz  i rrespecti ve  of  where  th i s  fal l s  wi th i n  the  1  dB  
to l erance  g i ven  i n  Clause  E . 1 .  

Figure E.1  – "EQ"  or  "wideband"  frequency response:  target  curve and  
tolerances  on  response  
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E.2  Checking  magnetic  fi eld  strength  meters  

I n  common  wi th  al l  measuring  i nstruments ,  a  f i e l d  streng th  meter  used  i n  checking  or  
comm ission ing  an  HLS shou ld  be  tested  (cal i brated)  at  i n tervals,  to  ensure  that  i t  i s  i nd icati ng  
correctl y and  that  any errors  do  not  exceed  the  perm i tted  values.  

The  meter can  be  tested  by subjecting  the  probe  to  a  known  value  of  magnetic  f i e l d  streng th  
at  the  re levant  frequencies.  

A conven ient  method  of  producing  a determ inate  value  of  magnetic  f ie l d  streng th  i s  a  short  
ci rcu lar  co i l .  The  magnetic  f i e l d  streng th  ( i n  A/m )  at  the  centre  of  a  short  c i rcu lar  co i l  i s  g i ven  
by:  

 
d

nl
H =   

where  

n   i s  the  number of  tu rns  of  wi re  of  the  co i l ;  

I  i s  the  current  i n  the  co i l  i n   amperes  (A) ;  

d  i s  the  d iameter of  the  co i l  i n  metres  (m )  

The  values  of  n,  I and  d can  have  any conven ient  values,  bu t  d shou ld  not  be  so  smal l  that  
m inor deviati ons  of  the  pos i t ion  of  the  probe  from  the  cen tre  of  the  co i l  have  a  s i gn i f ican t  
effect.  A deviat ion  of  one-twen tieth  of  a  d iameter (50  mm  for a  1  m  d iameter coi l )  produces  an  
i ncrease  i n  magnetic  f i e l d  s treng th  of  abou t  3 , 5  %.  To  avoid  problems  wi th  i naccurate  centri ng  
of  the  probe,  a  co i l  d i ameter of  560  mm  is  conven ient  (as  stated  i n  IEC  601 1 8-0) .  The  
400  mA/m  RMS reference  s treng th  therefore  requ i res  0, 224  ampere- turns.  

NOTE  A more  complex bu t  smal l er  apparatus,  wh i ch  can  al so  produce  a  u n i form  magneti c  f i e l d  wi th i n  a  vol ume  
su i table  for  the  present  pu rpose  i s  described  i n  I EC  601 1 8-4.  

A coi l  compris ing  a s ing le  tu rn  carryi ng  224  mA i s  su i table .  Th is  current  can  conven ien tl y be  
provided  by an  aud io- frequency osci l l ator feed ing  an  aud io  ampl i f i er.  The  cu rrent  can  be  
measured  us ing  the  "AC  curren t"  range  of  an  analogue  or d i g i tal  mu l t imeter.  Th is  i nstrument  
shou ld  have  been  cal i brated  recen tl y to  assure  i ts  accuracy at  the  re levan t  frequencies .  

The  coi l  shou ld  be  wound  on  a su i tabl y s i zed  former,  for  example  a  560  mm  d iameter d isc  of  
p l ywood  having  a shal l ow g roove  around  i ts  edge  to  l ocate  the  wi re  and  a cen tral  ho le  (say 
1 00  mm  d iameter)  to  accept  the  probe.  Four rad ial  l i nes  on  the  surface  of  the  d isc  assis t  i n  
correct  l ocati on  of  the  probe.  

Ferromagnetic  and  conducti ve  parts  shou ld  be  avoided,  though  a  term inal  b lock to  term inate  
the  wind ing  i s  acceptable.  The  wi res  from  the  ampl i f i er  to  the  co i l  shou ld  be  a twis ted  pai r.  

The  osci l lator,  ampl i f i er  and  curren t  meter shou ld  be  at  l east  2  m  away from  the  co i l ,  so  as  not  
to  affect  the  magnetic  f ie ld  produced.  S im i larl y,  the  space  around  the  co i l  shou ld  be  free  from  
ferromagnetic  and  conductive  material .  

The  probe  shou ld  be  p laced  at  the  centre  of  the  co i l ,  us ing  the  rad ial  l i nes  as  a gu i de.  The  
probe  shou ld  be  orthogonal  to  the  plane  of  the  co i l  and  in  i ts  p lane.  
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Annex F 
( in formative)  

 
Magnetic  field  d i rection  near the  loop conductor 

Figu re  F. 1  shows  the  patterns  of  the  vert ical  and  hori zon tal  componen ts  of  the  magnetic  f i e l d  
of  a  hori zon tal  l oop,  and  vice versa  for  a  vertical  l oop (such  as  used  i n  a  smal l  l oop system) .  
The   l oop i s  square  and  the  d is tance  of  the  l i s ten i ng  poin t  from  the  l oop p lane  i s  0 , 1 4  t imes  
the  l oop  width .  

 

Figure F. 1  – Magnetic  fi eld  patterns  

For a hori zontal  l oop,  i t  can  be  seen  that  over  most  of  the  area of  the  l oop,  the  vert ical  
component  i s  much  s tronger  than  the  hori zon tal .  The  ang le  of  the  magnetic  f i e ld  d i recti on  to  
the  vertical  i s  g i ven  by:  

/20arctan(10 )Lθ =  

where  L  i s  the  l eve l  d i fference  between  the  hori zon tal  and  vertical  componen ts.  For  example,  
i f  L  i s  −9  dB,  θ  = 1 9,5°  and  the  l evel  d i fference  L' i n  decibels  between  the  vert ical  component  
and  the  resu l tan t  vector i s :  

20 lg(cos )L θ′ =  

which ,  in  the  present case,  i s  −0, 5  dB.  

However,  at  d is tances  from  the  cen tre  of  the  loop of  approximatel y 0 , 4  to  0 , 6  t imes  the  loop 
wid th ,  the  hori zon tal  componen t  of  the  magneti c  f i e ld  i s  comparable  wi th ,  or  much  stronger  
than ,  the  vert ical  componen t.  I n  th is  reg ion ,  the  att i tude  of  the  heari ng -aid  user's  head  can  
cause  the  f i e l d  d i rection  to  be  perpend icu lar to  the  axis  of  the  teleco i l ,  or  nearl y so,  resu l t i ng  
i n  a  s i gn i f icant  l oss  of  s i gnal  s treng th .  

Th is  effect  i s  i l l us trated  i n  F i gure  F.2  and  Figure  F. 3 .  
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Figure F.2  – Magnetic  fi eld  d i rections  for  a  floor-level  loop  

This  effect  can  be  el im inated  by us ing  a two- loop  array wi th  two  ampl i f i ers  and  a  wide-band  
quadrature  c i rcu i t.  

For a vertical  l oop,  as  used  in  some smal l  l oop systems,  the  above  cons i derations  are  
reversed.  Because  the  l i s tener i s  normal l y much  fu rther away from  the  l oop  i n  proport i on  to  i ts  
d imensions  than  i s  the  case  for a  large  l oop,  the  shape  of  the  f ie l d  patterns  i s  somewhat  
d i fferen t  and  there  are  two  reg ions,  centred  approximate l y on  the  top and  bottom  loop 
conductors,  where  the  f i e ld  vector i s  substantial l y vert ical .  C learl y,  a  l arge  reg ion ,  centred  on  
the  centre  of  the  l oop,  i s  ou ts ide  the  usefu l  magnetic  f i e ld  volume.  

 

Figure F.3  – Magnetic  fi eld  d i rections  for  a  cei l ing -level  loop  

IEC  
Loop conductor  

1
,2
 m

 
Telecoi l  

ori en tat i on  

Magneti c  f i e l d  

d i rect i on  l i nes  

IEC  

Loop conductor  

1
,2
 m

 

Telecoi l  

ori en tati on  

Magneti c  f i e l d  

d i recti on  l i nes  



IEC TR  63079:201 7    I EC  201 7  – 91  –  

Annex G  
( in formative)  

 
Di rect-to-reverberant sound  pressure ratio  

The d i rect- to-reverberan t  sound  pressure  l evel  rati o  K can  be  calcu lated  from  the  fol l owing  
formu la,  i f  on l y a  s ing le  m icrophone  i s  used:  

 
( ) 











=

RTD

QV
K

231 4
lg1 0   

where  

Q i s  the  d i recti vi ty i ndex  of  the  m icrophone;  

V i s  the  vo lume of  the  room  ( i n  m
3
) ;  

D  i s  the  d istance  between  sound  source  and  the  m icrophone  ( in  m ) ;  

RT i s  the  reverberation  t ime  of  the  room  ( in  s) .  

I f  more  than  one  m icrophone  i s  used ,  the  subject  becomes  s i gn i f ican tl y more  compl icated  and  
special i st  advice  shou ld  be  sought.  The  rati o  K decreases  by a  factor  of  3  dB  each  t ime  the  
number of  act i ve  m icrophones  i n  operation  i s  doubled .  For example,  us ing  two  m icrophones  
i nstead  of  one  reduces  the  d i rect- to-reverberant  sound  pressure  l evel  rat i o  by approximatel y 
3  dB.   

S ince  the  formu la for K i ncl udes  the  d i recti vi ty i ndex  Q  of  the  m icrophone,  the  d i rectional  
characterist ic  of  the  m icrophone  affects  the  d istance  from  the  sou rce  of  sound  at  wh ich  a  
g i ven  d i rect- to-reverberant  sound  pressure  l evel  rat i o  i s  ach ieved.  

NOTE  1  The  above  formu la assumes  a  d i ffuse,  s tati s t i cal  sound  f i e l d  to  exi s t  and  does  not  take  i n to  account  the  
effects  of  l ocal  refl ect i ons ,  or  non -exponen tial  sound  decay wi th i n  the  room .  However,  the  formu la can  be  used  to  
obtai n  an  i n i t i al  est imate  of  the  l i kel y  maximum  usable  m icrophone  d i s tances.   

NOTE  2  Except  for l arge  aud i tori ums  and  pl aces  of  worsh i p,  RT  for  most  med ium  to  l arge  rooms  i s  l i ke l y  to  be  
between  1  s  and  2  s .  Smal l  rooms  general l y  have  a  shorter RT,  for  example  around  0 , 5  s  for  wel l  fu rn i shed  
(domesti c)  rooms  and  up  to  around  1  s  to  1 , 2  s  for  l ectu re  theatres  and  s im i l ar s i zed  rooms.  

Primary school  c lassrooms shou ld  have  an  RT value  of  0 , 6  s  or  l ess,  0 , 8  s  for  secondary 
school  c lassrooms  and  open  plan  areas/sem inar rooms  and  0 , 8  s  to  1 , 2  s  for  assembl y hal l s .  
Lecture  theatres  shou ld  have  RT values  l ess  than  1 , 0  s  and  less  than  0, 8  s  for  smal l  rooms  
(<50  people) .  
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Annex H  
( in formative)  

 
Model  certi ficates  

H.1  Design  certi ficate  

Certi f i cate  of  des i gn  of  the  HLS  at:  

Address:  

  

 Postcode:  

I /we  being  the  competent  person(s)  respons ible  (as  i nd icated  by my/our s i gnatu res  
below)  for the  des ign  of  the  HLS,  particu lars  of  wh ich  are  set  below,  CERTIFY that  the  
said  des ign  for  wh ich  I /we  have  been  respons ible  compl ies  to  the  best  of  m y/our  
knowledge  and  bel i ef  wi th  appl icable  regu lati ons  for e lectrical  i ns tal l at ions  except  for the  
variat ions,  i f  any,  s tated  i n  th is  certi f i cate.  

Name ( i n  b lock letters) :  Posi t ion :  

S ignature:  Date:   

For and  on  behal f  of:  

Address:  

  

 Postcode:  

Variations  from  appl icable  regu lati ons  for  e l ectrical  i nstal lat ions:  

  

  

  

Extent  of  system  covered  by the  certi f i cate:  

  

  

  

I ns tal l ati on  and  comm ission ing  

I t  i s  s trong l y recommended  that  i nstal l ati on  and  comm ission ing  be  undertaken  i n  
accordance  wi th  the  recommendations  of  th is  document.  
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Veri f icati on  

Veri f i cati on  that  the  system  compl i es  wi th  I EC  601 1 8-4  shou ld  be  carried  ou t,  on  
completi on .  

Yes   No   To  be  decided  by the  purchaser   

Main tenance  

I t  i s  s trong l y recommended  that,  after completi on ,  the  system  i s  main tained  i n  
accordance  wi th  th is  document.  

User  responsibi l i t i es  

The  user shou ld  appoin t  a  respons ible  person  to  supervise  al l  matters  pertain i ng  to  the  
HLS.  

 

H.2  Instal lation  certi ficate  

Certi f i cate  of  i nstal l ati on  of  the  HLS  at:  

Address:  

  

 Postcode:  

I /we  being  the  competent  person(s)  respons ible  (as  i nd icated  by my/our s i gnatu res  
below)  for the  i nstal lation  of  the  HLS,  particu lars  of  wh ich  are  set  below,  CERTIFY that  
the  said  i nstal l ati on  for  wh ich  I /we  have  been  responsible  compl ies  to  the  best  of  m y/our  
knowledge  and  bel i ef  wi th  the  recommendations  of  th is  document  except  for the  
variations,  i f  any,  s tated  i n  th is  certi f i cate.  

Name ( i n  b lock letters) :  Posi t ion :  

S ignatu re:  Date:   

For and  on  behal f  of:  

Address:   

  

 Postcode:  

The  exten t  of  l i abi l i ty of  the  s ignatory i s  l im i ted  to  the  system  described  be low.  

Extent  of  system  covered  by the  cert i f icate:  
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Speci fi cati on  against  wh ich  the  system  was  i nstal l ed :  

  

  

  

  

Variations  from  the  speci fi cati on  and/or th is  document:  

  

  

  

  

W iring  has  been  tested  i n  accordance  wi th  appl icable  regu lati ons  for  e l ectrical  
i nstal l ations.  Test  resu l ts  have  been  recorded  and  provided  to :  

  

Un less  suppl i ed  by others,  the  “as  f i tted”  drawings  have  been  suppl i ed  to  the  person  
respons ible  for comm ission ing  the  system .  

 

H.3  Commissioning  certi ficate  

Certi f i cate  of  comm ission ing  for the  HLS at:  

Address:  

  

 Postcode:  

I /we  be ing  the  competent  person(s)  responsible  (as  i nd icated  by my/ou r s i gnatu res  below)  for  
the  comm ission ing  of  the  HLS,  particu lars  of  wh ich  are  set  below,  CERTIFY that  the  said  
i nstal l ation  for wh ich  I /we  have  been  respons ible  compl ies  to  the  best  of  my/our knowledge  
and  be l i ef  wi th  the  recommendations  of  th is  document  except  for the  variat ions,  i f  any,  s tated  
i n  th is  cert i f icate.  

Name ( i n  b lock letters) :  Posi t ion :  
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S ignature:  Date:   

For and  on  behal f  of:  

Address:  

  

 Postcode:  

The  extent  of  l i abi l i ty of  the  s ignatory i s  l im i ted  to  the  system  described  below.  

Exten t  of  system  covered  by the  certi f i cate:  

  

  

  

  

Variations  from  the  recommendations  of  th is  document  

  

  

  

  

  Al l  equ ipment  operates  correctl y.  

  I ns tal lat i on  work i s ,  as  far as  can  be  reasonabl y ascertained,  of  an  acceptable  
document.  

  The  en ti re  system  has  been  i nspected  and  tested  i n  accordance  wi th  the  
recommendations  of  th is  documen t.  

  The  system  performs  as  requ i red  by the  speci fi cati on  prepared  by:  

  

a  copy of  wh ich  I /we  have  g iven .  

  The  documen tation  described  i n  th is  documen t has  been  provided  to  the  user.  

The  fo l l owing  work shou ld  be  completed  before/after (de lete  as  appl i cable)  the  system  
becomes  operati onal :  
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H.4  Acceptance certi ficate 

Certi f i cate  of  acceptance  for the  HLS at:  

Address:  

  

 Postcode:  

I /we  being  the  competent  person(s)  respons ible  (as  i nd icated  by my/our s i gnatu res  
below)  for the  acceptance  of  the  HLS,  part icu lars  of  wh ich  are  set  be low,  ACCEPT the  
system  on  behal f  of:  

  

  

  

Name ( i n  b lock letters) :  Posi t ion :  

S ignature:  Date:   

For and  on  behal f  of:  

Address:  

  

 Postcode:  

The  extent  of  l i abi l i ty of  the  s ignatory i s  l im i ted  to  the  system  described  below.  

Extent  of  system  covered  by the  certi f i cate:  

  

  

  

  

  Al l  i nstal lation  work appears  to  be  satisfactory.  

  The  system  i s  capable  of  g i vi ng  an  aud ible  and  i n te l l i g ible  s i gnal .  

The  fo l l owing  documents  have  been  provided  to  the  purchaser  or  user:  

  "As  f i t ted"  drawings.  

  Operating  and  main tenance  i nstructions.  
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  Cert i f icate  of  des i gn ,  i ns tal l ati on  and  comm ission ing .  

  A l og  book.  

  Su ffi ci ent  represen tati ves  of  the  user  have  been  properl y i nstructed  i n  the  use  of  
the  system  

  Al l  re levan t  tests ,  defi ned  i n  the  purchasing  speci f ication ,  have  been  wi tnessed.  
(Delete  i f  not  appl icable . )  

The  fo l l owing  work i s  requ i red  before  the  system  can  be  accepted:  

  

 

H.5  Veri fication  certi ficate (optional )  

Certi f i cate  of  veri f i cati on  for the  HLS  at:  

Address:  

  

  

 Postcode:  

I /we  being  the  competent  person(s)  respons ible  (as  i nd icated  by my/our s i gnatu res  
below)  for the  veri f i cati on  of  the  HLS,  part icu lars  of  wh ich  are  set  below,  CERTIFY that  
the  veri f icati on  work for wh ich  I /we  have  been  respons ible  compl ies  to  the  best  of  my/ou r  
knowledge  and  bel ief  wi th  the  recommendations  of  th is  document .  

Name ( i n  b lock letters) :  Posi t ion :  

S ignatu re:  Date:   

For and  on  behal f  of:  

Address:  

  

  

 Postcode:  

The  extent  of  l i abi l i ty of  the  s ignatory i s  l im i ted  to  the  system  described  below.  

Extent  of  system  covered  by the  certi f i cate:  
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Scope  and  extent  of  the  veri f i cati on  work:  

  

  

  

  

  

  I n  my/our opin ion ,  that  as  far  as  can  reasonabl y be  ascertained  from  the  scope  of  
work described  above,  the  system  compl ies  wi th ,  and  has  been  comm issioned  i n  
accordance  wi th ,  the  recommendations  of  th is  document,  other than  i n  respect  of  
variat ions  al ready i denti f i ed  i n  the  cert i f icates  of  des ign ,  i ns tal lat i on  or  
comm ission ing .  

The  fo l lowing  non-compl iances  wi th  the  recommendations  of  th is  documen t have  been  
i denti f ied  (other than  those  recorded  as  variat ions  i n  the  cert i f i cates  of  des ign ,  i ns tal l ati on  
or  comm ission ing ) :  

  

  

  

  

  

 

H.6  Inspection  and  servicing  certi ficate  

Certi f i cate  of  servici ng  for  the  HLS  at:  

Address:  

  

  

 Postcode:  

I /we  being  the  competent  person(s)  respons ible  (as  i nd icated  by my/our s i gnatu res  
below)  for the  servicing  of  the  HLS,  particu lars  of  wh ich  are  set  below,  CERTIFY that  the  
said  i nstal l at i on  for  wh ich  I /we  have  been  respons ible  compl i es  to  the  best  of  m y/our 
knowledge  and  bel i ef  wi th  the  recommendations  of  th is  documen t except  for the  
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variat ions,  i f  any,  s tated  i n  th is  cert i f icate.  

Name ( i n  b lock letters) :  Posi t ion :  

S ignatu re:  Date:   

For and  on  behal f  of:  

Address:  

  

  

 Postcode:  

The  exten t  of  l i abi l i ty of  the  s ignatory i s  l im i ted  to  the  system  described  below.  

Extent  of  system  covered  by the  certi f i cate:  

  

  

  

  

Variations  from  the  recommendations  of  th is  document  

  

  

  

  

  Re levan t  detai ls  of  the  work carried  ou t  and  fau l ts  i den ti f i ed  have  been  entered  i n  
the  system  log  book.  
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H.7 Modi fication  certi ficate 

Certi f i cate  of  mod i f icati on  for  the  HLS  at:  

Address:  

  

  

 Postcode:  

I /we  being  the  competent  person(s)  respons ible  (as  i nd icated  by my/our s i gnatu res  
below)  for the  mod i f icati on  of  the  HLS,  particu lars  of  wh ich  are  set  below,  CERTIFY that  
the  said  i nstal lati on  for wh ich  I /we  have  been  respons ible  compl i es  to  the  best  of  m y/our  
knowledge  and  bel i ef  wi th  the  recommendations  of  th is  documen t except  for  the  
variat ions,  i f  any,  s tated  i n  th is  certi f i cate.  

Name ( i n  b lock letters) :  Posi t ion :  

S ignature:  Date:   

For and  on  behal f  of:  

Address:  

  

  

 Postcode:  

The  extent  of  l i abi l i ty of  the  s ignatory i s  l im i ted  to  the  system  described  below.  

Extent  of  system  covered  by the  certi f i cate:  

  

  

  

  

Variations  from  the  recommendations  of  th is  document  
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  Fo l lowing  the  mod i f i cati ons ,  the  system  has  been  tested  i n  accordance  wi th  the  
recommendations  of  th is  documen t.  

  Fo l lowing  the  mod i f ications ,  "as  f i tted"  d rawings  and  other  system  records  have  
been  updated  as  appropriate.  

I /we  the  unders igned  conf i rm  that  the  mod i f ications  have  i n troduced  no  add i t ional  
variations  from  the  recommendations  of  th is  document  other  than  those  recorded  above:  

S igned :   

Capaci ty:   

(e. g .  main tenance  organ izati on ,  system  des igner,  consu l tant  or  user  represen tati ve)  
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