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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ULTRASONICS – PHYSIOTHERAPY SYSTEMS –  

FIELD SPECIFICATIONS AND METHODS OF MEASUREMENT  
IN  THE FREQUENCY RANGE 0,5 MHz TO 5  MHz 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  national  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC  i s  to  promote  i n ternationa l  
co-operation  on  a l l  q uestions  concern ing  standard izati on  i n  the  e l ectri cal  and  e l ectron ic fi e l d s.  To  th i s  end  and  
i n  add i ti on  to  other acti vi ti es,  I EC pub l i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  Techn ical  Reports ,  
Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC Publ i cation (s)" ) .  The i r 
preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  i n  the  subject  deal t  wi th  
may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-governmental  organ izati ons  l i a i s i ng  
wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osely wi th  the  I n ternational  Organ ization  for 
S tandard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determined  by ag reement between  the  two  organ izati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Commi ttees.   

3)  I EC Publ i cations  have  the  form  of recommendati ons  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any  
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i formi ty,  I EC National  Commi ttees  u ndertake  to  app ly I EC Publ i cations  
transparentl y  to  the  maximum  exten t poss ible  i n  thei r nati onal  and  reg i ona l  pub l i cations.  Any d i vergence  between  
any I EC Publ i cation  and  the  correspond ing  national  or reg iona l  publ i cati on  shal l  be  cl earl y  i n d icated  i n  the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I ndependent certi fi cati on  bod ies  provide  conform i ty  
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti 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,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or 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 cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty  that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subj ect  of patent  
ri gh ts.  I EC shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts .  

I EC 61 689  has  been  prepared  by I EC techn ical  commi ttee  87:  U l trason ics.  I t  i s  an  I n ternational  
Standard .  

Th is  fourth  ed i ti on  cancels  and  replaces  the  th i rd  ed i tion  publ ished  i n  201 3.  Th is  ed i ti on  
consti tu tes  a  techn ica l  revis ion .   

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion .  

a)  The  requ irement on  water oxygen  con ten t i s  speci fi ed  i n  6. 1 .  

b)  Former recommendations  i n  6 . 2  have  been  changed  to  become requ i rements .  

c)  Several  defi n i tions  i n  C lause  3  have  been  updated  i n  l i ne  wi th  other TC 87  documents.  

d )  The  formerly i n formative  Annex A has  been  changed  to  become normative,  and  now 
con tains  deta i l s  on  how conformance  wi th  I EC 60601 -2-5  requ i rements  is  checked .  

e)  Annex D  has  been  considerably shortened  and  reference  to  a  now wi thdrawn  regu latory 
document has  been  removed .  
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The  text of th is  I n ternational  Standard  i s  based  on  the  fol lowing  documents :  

Draft  Report  on  voti ng  

87/784/FDIS  87/789/RVD  

 
Fu l l  i n formation  on  the  voti ng  for i ts  approval  can  be  found  in  the  report  on  voti ng  i nd icated  in  
the  above  tab le.  

The  l anguage used  for the  development of th is  I n ternational  Standard  i s  Eng l ish .  

Th is  document was  drafted  in  accordance wi th  I SO/IEC D i rectives,  Part 2 ,  and  developed  in  
accordance wi th  I SO/IEC  D i rectives,  Part  1  and  I SO/IEC D irectives,  I EC  Supplement,  avai l able  
at  www. iec.ch/members_experts/refdocs.  The  main  document types  developed  by I EC are  
described  in  greater detai l  at  www. iec.ch/standardsdev/publ ications.  

NOTE  The  fol l owing  pri n t  types  are  used :  

•  Requ i rements:  i n  Arial  1 0  poin t  

•  Notes:  i n  Ari al  8  poi n t  

•  Words  i n  bold  i n  the  text  are  defi ned  i n  C lause  3  

•  Symbols  and  formu l ae:  Times  New Roman  +  Italic  

•  Compl i ance  cl auses:  i n  Arial Italic  

The committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty  date  i nd icated  on  the  I EC websi te  under webstore. iec.ch  i n  the  data  re lated  to  the  
speci fic document.  At  th i s  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  
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INTRODUCTION  

Ultrasound  at low megahertz  frequencies  is  wi del y used  in  med icine  for the  pu rposes  of 
phys iotherapy.  Such  equ ipment cons is ts  of a  generator of h igh  frequency e lectrical  energy 
and  usual l y a  hand-he ld  treatment head ,  often  referred  to  as  an  appl icator.  The  treatment 
head  conta ins  a  transducer,  usual l y  a  d isc of p iezoelectric materia l ,  for convertin g  the  e lectrical  
energy to  u ltrasound  and  is  often  d es igned  for contact wi th  the  human  body.   
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ULTRASONICS – PHYSIOTHERAPY SYSTEMS –  
FIELD SPECIFICATIONS AND METHODS OF MEASUREMENT  

IN  THE FREQUENCY RANGE 0,5 MHz TO 5  MHz 
 
 
 

1  Scope 

Th is  document i s  appl icable  to  u l trason ic equ ipment designed  for phys iotherapy conta in ing  an  
ultrason ic transducer  generati ng  con tinuous  or quas i -con tinuous  (e. g .  tone  burst)  wave  
ul trasound  i n  the  frequency range  0 , 5  MHz to  5  MHz.  Th is  document on ly re lates  to  u ltrason ic 
physiotherapy equ ipment  employing  a  s i ng le  p lane  non-focusing  ci rcu lar transducer per 
treatment head ,  producing  static  beams perpend icu lar to  the  face  of the  treatment head .  

Th is  document speci fi es:  

•  methods  of measurement and  characterization  of the  ou tput of u l trasonic  physiotherapy 
equ ipment  based  on  reference testing  methods;  

•  characteristics  to  be  speci fi ed  by  manufacturers  of u ltrasonic  physiotherapy equ ipment  
based  on  reference  testi ng  methods;  

•  gu idel ines  for safety  of the  u l trason ic fi e l d  generated  by ul trasonic  physiotherapy 
equ ipment ;  

•  methods  of measurement and  characterization  of the  ou tpu t of u l trasonic  physiotherapy 
equ ipment  based  on  rou ti ne  testing  methods;  

•  acceptance cri teria  for aspects  of the  ou tpu t of ul trasonic  physiotherapy equ ipment  
based  on  routine  testi ng  methods.  

Therapeu tic value  and  methods  of use  of u ltrason ic  physiotherapy equ ipment  are  not wi th in  
the  scope  of th is  document.  

Ultrasonic physiotherapy equ ipment  u s i ng  u l trasound  i n  the  frequency range  from  20  kHz 
to  500  kHz i s  deal t  wi th  i n  I EC  63009.   

2  Normative references  

The fo l lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some or a l l  of thei r con tent 
consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly  the  ed i ti on  ci ted  appl ies .  
For undated  references,  the  l atest  ed i ti on  of the  referenced  document ( includ ing  any 
amendments)  appl i es .  

I EC 60601 -1 ,  Medical electrical equipment – Part 1 :  General requirements for basic safety and 
essential performance  

I EC  60601 -2-5,  Medical electrical equipment – Part 2-5: Particular requirements for the basic 
safety and essential performance of ultrasonic physiotherapy equipment  

I EC  61 1 61 ,  Ultrasonics – Power measurement – Radiation force balances and performance 
requirements  

I EC  621 27-1 ,  Ultrasonics – Hydrophones – Part 1 :  Measurement and characterization of 
medical ultrasonic fields  
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3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

I SO and  I EC main tain  terminolog ical  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:   

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

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

3. 1   
absolute  maximum  rated  output power 
sum  of the  rated  output  power,  the  95  %  confidence  overal l  u ncertain ty i n  the  rated  output 
power,  and  the  maximum  i ncrease  i n  the  rated  output power  for a  ±1 0  %  variation  i n  the  rated  
value  of the  mains  vol tage  

Note  1  to  en try:  The  possib i l i ty  of variati on  i n  the  rated  ou tput power  resu l ti ng  from  ±1 0  %  variati on  i n  the  rated  
val ue  of the  mains  vol tage  shou ld  be  checked  by us ing  a  vari able  ou tpu t transformer between  the  mai ns  vol tage  
supply  and  the  u l trason ic  physiotherapy  equ ipment.  See  Cl ause  A. 2  for fu rther gu i dance.  

Note  2  to  en try:  Absolu te  maximum  rated  ou tput power  i s  expressed  i n  watts  (W).  

3.2   
active  area coefficient  
Q  
quotient of the  active area grad ient ,  m ,  and  the  beam  cross-sectional  area  at  0 , 3  cm  from  
the  face  of the  treatment  head ,  ABCS(0 , 3  cm)  

Note  1  to  en try:  Active  area coefficient  i s  expressed  i n  un i ts  of one  per metre  (m − 1 ) .  

3.3   
active  area grad ient  
m  
ratio  of the  d i fference  of the  beam  cross-sectional  area  a t  zN,  ABCS(zN) ,  and  the  beam  cross-

sectional  area  a t  0 , 3  cm  from  the  face  of the  treatment  head ,  ABCS(0 , 3  cm),  d ivi ded  by the  

d i fference  of the  respective  d istances   

 
( ) ( )BCS BCS 0, 3 cm

0, 3 cm
N

N

A z A
m

z

−
=

−
  (1 )  

 

where  

ABCS  i s  the  beam  cross-sectional  area ;  

zN i s  the  d istance  from  the  face  of the  treatment  head  to  the  last maximum  of the  RMS  

acoustic  pressure  on  the  beam  al ignment  axis  

Note  1  to  en try:  Active  area grad ien t  i s  expressed  i n  metres  (m).  

[SOURCE:  I EC  61 689:201 3,  3 . 3,  mod i fied  – The  calcu lation  scheme of the  grad ien t  was  added  
to  the  defin i tion ,  and  the  formu la  was  added . ]  

3 . 4   
absolute  maximum  beam  non-un iformity ratio  
beam  non-uniformity ratio  p l us  the  95  %  con fidence overal l  uncerta in ty i n  the  beam  non-
uniformity ratio  
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3.5   
absolute  maximum  effective in tensi ty 
value  of the  effective  in tensi ty  correspond ing  to  the  absolute  maximum rated  output  power  
and  the  absolu te  m in imum effective  rad iating  area  from  the  equipment  

3.6   
absolute  m in imum effective radiating  area  
effective rad iating  area  m inus  the  95  %  confidence overal l  u ncertain ty i n  the  effective  
radiating  area  

3.7   
acoustic-working  frequency 
acoustic frequency 
fawf  

frequency of an  acoustic  s ignal  based  on  the  observation  of the  ou tpu t of a  hydrophone  p l aced  
i n  an  acoustic  fi e ld  at  the  pos i ti on  correspond ing  to  the  spatial -peak temporal -peak acoustic 
pressure  

Note  1  to  en try:  The  s i gnal  i s  analysed  us ing  e i ther the  zero-crossing  acoustic-working  frequency  techn ique  or 
a  spectrum  analys i s  method .  Acousti c-working  frequencies  are  defi ned  i n  3 . 7 . 1  and  3 . 7 . 2 .  

Note  2  to  en try:  I n  a  number of cases  the  present  defi n i t i on  i s  not  very helpfu l  or conven ien t,  especial l y  for 
broadband  transducers .  I n  that  case  a  fu l l  d escripti on  of the  frequency spectrum  shou ld  be  g i ven  i n  order to  enabl e  
any frequency-dependent correction  to  the  s i gnal .  

Note  3  to  en try:  Acoustic  frequency  i s  expressed  i n  hertz  (Hz).  

[SOURCE:  I EC 621 27-1 : 2007,  3 . 3]  

3.7. 1   
ari thmetic-mean  acoustic-working  frequency 
fawf  

ari thmetic mean  of the  most widely separated  frequencies  f1  and  f2 ,  wi th in  the  range  of three  

times  f1 ,  a t  wh ich  the  magn i tude  of the  acoustic  pressure  spectrum  is  3  dB  below the  peak 

magn i tude  

Note  1  to  en try:  Th i s  frequency defi n i ti on  usual l y  i s  i n tended  for systems  that  produce  short  pu l ses  con ta in i ng  on ly  
a  few cycles,  bu t  i t  cou ld  be  used  for tone  bu rsts.  

Note  2  to  en try:  I t  i s  assumed  that  f1  <  f2 .  

Note  3  to  en try:  I f f2  i s  not  found  wi th i n  the  range  <  3f1 ,  f2  i s  to  be  understood  as  the  l owest  frequency above  th i s  

range  at  wh ich  the  spectrum  magn i tude  i s  3  dB  bel ow the  peak magn i tude.  

[SOURCE:  I EC 621 27-1 : 2007  and  I EC 621 27-1 : 2007/AMD1 : 201 3,  3 . 3. 2,  mod i fied  – Note  1  to  
en try has  been  mod i fied . ]  

3.7.2   
zero-crossing  acoustic-working  frequency 
fawf  

number,  n ,  of consecu tive  hal f-cycles  ( i rrespective  of polari ty)  d ivided  by twice  the  time between  
the  commencement of the  fi rst  ha l f-cycle  and  the  end  of the  n-th  hal f-cycle  

Note  1  to  en try:  None  of the  n  consecu ti ve  hal f-cycles  shou ld  show evidence  of phase  change.  

Note  2  to  en try:  The  measu rement  shou ld  be  performed  at  term ina l s  i n  the  rece iver that  are  as  cl ose  as  possibl e  to  
the  receiving  transducer (hydrophone)  and ,  i n  a l l  cases,  before  recti fi cation .  

Note  3  to  en try:  Th i s  frequency i s  determ ined  i n  accordance  wi th  the  procedu re  speci fi ed  i n  I EC TR 60854.  

Note  4  to  en try:  Th i s  frequency i s  i n tended  for con tinuous  wave  o r quasi -conti nuous-wave  (e. g .  tone-bu rst)  
systems  on ly.  
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[SOURCE:  I EC 621 27-1 : 2007/AMD1 :201 3,  3. 3. 1 ,  mod i fied  – I n  Note  4  to  en try,  "or quasi -
con tinuous-wave  (e. g .  tone-burst)"  has  been  added . ]  

3.8   
acoustic pu lse waveform  
temporal  waveform  of the  i nstantaneous  acoustic pressure  a t  a  speci fi ed  pos i ti on  i n  an  
acoustic  fi e ld  and  d isplayed  over a  period  su fficien tly l ong  to  i nclude  a l l  s i gn i ficant acoustic  
i n formation  i n  a  s i ng le  pu lse  or tone-burst,  or one  or more  cycles  i n  a  continuous  wave  

Note  1  to  en try:  Temporal  waveform  i s  a  representati on  (e. g .  osci l l oscope  presentation  or equati on )  of the  
i nstan taneous  acoustic  pressure .  

[SOURCE:  I EC 621 27-1 : 2007  and  I EC 621 27-1 : 2007/AMD1 : 201 3,  3 . 1 ]  

3.9   
acoustic repeti tion  period  
arp  
pulse repeti tion  period  equal  to  the  time  i n terval  between  correspond ing  poin ts  of consecutive  
cycles  for continuous  wave  systems  

Note  1  to  en try:  Acoustic repeti tion  period  i s  expressed  i n  seconds  (s).  

[SOURCE:  I EC 621 27-1 : 2007,  3 . 2 ,  mod i fied  – The  defin i tion  has  been  made  more  speci fic for 
non-scann ing  systems. ]  

3. 1 0   
ampl i tude modu lated  wave  
wave in  wh ich  the  ratio  p tp/(√2pRMS)  at any poin t i n  the  far field  on  the  beam  al ignment axis  

i s  g reater than  1 , 05,  where  ptp  i s  the  temporal -peak acoustic  pressure  and  pRMS  i s  the  RMS 

acoustic pressure  

3. 1 1   
attachment head  
accessory in tended  to  be  attached  to  the  treatment  head  for the  purpose  of mod i fying  the  
u l trason ic beam  characteristics  

[SOURCE:  I EC 60601 -2-5: 2009,  201 -3-202]  

3. 1 2   
beam  al ignment axis  
straigh t  l i ne  j o in i ng  two poin ts  of maximum  RMS  acoustic  pressure  on  two  plane  surfaces  
para l l el  to  the  faces  of the  treatment  head  a t  speci fic  d is tances  

Note  1  to  en try:  One  plane  i s  at  a  d i s tance  of approximatel y a2 /λ  where  a  i s  the  geometri cal  rad ius  of the  acti ve  
e l ement  of the  treatment  head .  The  second  pl ane  surface  i s  at  a  d i s tance  of e i ther 2a2 /λ  o r a2 /(3λ) ,  wh ichever i s  the  
more  appropri ate.  For the  pu rposes  of a l i gnment,  th i s  l i ne  may be  projected  to  the  face  of the  treatment  head .  

Note  2  to  en try:  As  the  beam  al i gnment axis  i s  used  pu rely for the  pu rposes  of a l i gnment,  the  defi n i ti ons  of speci fi c  
d i stances  may be  re laxed  s l i gh tl y  to  refl ect  the  constrain ts  of the  measu rement  system  employed .  For example,  some  
treatmen t  heads  wi l l  have  a2 /λ  considerably  g reater than  1 2  cm ,  i n  wh ich  case  a  maximum  d i stance  of 1 2  cm  may 
be  used  to  defi ne  the  fi rst  p l ane.  General  gu i del i nes  for determ in ing  the  beam  al i gnment axis  are  g i ven  i n  7 . 3 .  
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3. 1 3   
beam  cross-sectional  area  
ABCS  

m in imum  area  i n  a  speci fi ed  p lane  perpend icu lar to  the  beam  al ignment axis  for wh ich  the  
sum  of the  mean  square acoustic pressure  i s  75  %  of the  total  mean  square  acoustic  
pressure  

Note  1  to  en try:  Beam  cross-sectional  area  i s  expressed  i n  un i ts  of square  metre  (m 2) .  

Note  2  to  en try:  The  rational e  supporti ng  the  defi n i ti on  i s  described  i n  Annex D.  

3. 1 4  
beam  maximum intensi ty 
product  of the  beam  non-uniformity ratio  and  effective  in tensi ty  

Note  1  to  en try:  Beam  maximum  in tensi ty  i s  expressed  i n  un i ts  of watt  per square  metre  (W/m 2) .  

3. 1 5   
beam  non-uniformity ratio  
RBN  

ratio  of the  square  of the  maximum RMS acoustic  pressure  to  the  spatia l  average  of the  
square  of the  RMS acoustic pressure ,  where  the  spatial  average  is  taken  over the  effective  
rad iating  area  

 
2
max,RMS ER

BN
t 0

p A
R

pms A
=   (2)  

 

where  

pmax,RMS  i s  the  maximum  RMS acoustic  pressure ;  

AER  i s  the  effective radiating  area ;  

pmst  i s  the  total  mean  square  acoustic  pressure ;  

A0  i s  the  un i t  area  for the  raster scan .  

3. 1 6   
beam  type  
descriptive  classi fication  of the  u l trason ic beam  

Note  1  to  en try:  There  are  th ree  beam  types:  col l imated  (3 . 1 8),  convergent  (3 . 1 9)  and  divergent  (3 . 20).  

3. 1 7   
continuous  wave  
wave i n  wh ich  the  ratio  p tp/(√2  pRMS) ,  at  any poin t i n  the  far field  on  the  beam  al ignment  axis ,  

i s  l ess  than  or equal  to  1 , 05,  where  p tp  i s  the  temporal -peak acoustic  pressure  and  pRMS  i s  

the  RMS acoustic pressure  

3. 1 8   
col l imated  
<beam>  having  an  active  area  coefficient ,  Q,  that obeys  the  fo l l owing  i nequal i ty  

−0, 05  cm −1  ≤  Q  ≤  0 , 1  cm −1  
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3. 1 9   
convergent  
<beam>  having  an  active  area  coefficient ,  Q,  that obeys  the  fo l l owing  i nequal i ty  

Q  <  −0,05  cm −1  

3.20   
d ivergent 
<beam>  having  an  active area coefficient ,  Q,  that obeys  the  fol l owing  i nequal i ty  

Q  >  0 , 1  cm −1  

3.21   
duty factor 
ratio  of the  pu lse duration  to  the  pu lse  repeti tion  period  

3.22   
effective  in tensi ty 
Ie  

i n tens i ty g iven  by Ie  =  P/AER  where  P  i s  the  output  power  and  AER  i s  the  effective  rad iating  

area  

Note  1  to  en try:  Effecti ve  i n tensi ty  i s  expressed  i n  un i ts  of watt  per square  metre  (W/m 2 ) .  

3.23   
effective  rad iating  area  
AER  

beam  cross-sectional  area  d etermined  at a  d istance  of 0 , 3  cm  from  the  fron t of the  treatment  
head ,  ABCS(0, 3  cm),  mu l ti pl ied  by a  d imension less  factor Fac  equal  to  1 , 333  

Note  1  to  en try:  The  convers i on  factor Fac  i s  used  here  i n  order to  deri ve  the  area  cl ose  to  the  treatment  head  

wh ich  contains  1 00  %  of the  total  mean  square  acoustic  pressure .  The  ori g i n  of the  val ue  of Fac  i s  described  i n  

Annex E .  

Note  2  to  en try:  Effecti ve  rad iating  area  i s  expressed  i n  un i ts  of square  metre  (m2 ).  

3.24  
end-of-cable  loaded  sensi tivi ty  
ML(f)  

<of a  hydrophone  or hydrophone  assembly>  quotient  of the  Fourier transformed  hydrophone  

vo l tage-time  s ignal  (uL(t))  at  the  end  of any in tegral  cable  or ou tput  connector of a  

hydrophone or hydrophone  assembly,  when  connected  to  a  speci fied  electric l oad  impedance,  

to  the  Fourier transformed  acoustic  pu lse  waveform  (p(t))  i n  the  und isturbed  free  fi e ld  of a  

p lane  wave i n  the  pos i ti on  of the  reference cen tre  of the  hydrophone i f the  hydrophone were  
removed  

 ( )
( )( )
( )( )

L
L

u t
M f

p t
=



 (3)  

 

Note  1  to  en try:  The  end-of-cable  loaded  sensi ti vi ty  i s  a  complex-valued  parameter.  I ts  modu l us  i s  expressed  i n  
un i ts  of vo l t  per pascal  (V/Pa),  i ts  phase  ang le  i s  expressed  i n  deg rees,  and  represents  the  phase  d i fference  between  
the  e l ectri cal  vol tage  and  the  sound  pressure.   

[SOURCE:  I EC 61 828: 2020,  3 . 50]  
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3.25   
far field  
reg ion  of the  fi e ld  where  z  >  zT  a l i gned  a long  the  beam  axis  for p lanar non-focus ing  transducers  

where  z  i s  the  d istance  from  the  face  of the  treatment  head  to  a  speci fi ed  poin t  on  the  beam  
al ignment axis  

Note  1  to  en try:  I n  the  far fi e ld ,  the  sound  pressure  appears  to  be  spherical l y  divergent  from  a  poin t  on  or near 
the  rad iati ng  su rface.  Hence  the  pressure  produced  by the  sound  sou rce  i s  approximately i n versely proportional  to  
the  d i stance  from  the  source.  

Note  2  to  en try:  The  term  "far fi eld "  i s  used  i n  th i s  document on l y  i n  connection  wi th  non-focusi ng  source  
transducers.  For focusing  transducers  a  d i fferent  term i nol ogy for the  various  parts  of the  transmi tted  fi e l d  appl i es  
(see  I EC 61 828).  

Note  3  to  en try:  For the  pu rposes  of th i s  document,  the  far fi eld  s tarts  at  a  d i stance  where  zT  =  AERN /(πλ),  where  

AERN  i s  the  nominal  va l ue  of the  effective  rad iating  area  of the  treatment  head  and  λ  i s  the  wavel ength  of the  

u l trasound  correspond ing  to  the  acoustic  working  frequency.   

[SOURCE:  I EC 621 27-1 : 2007/AMD1 :201 3,  3. 28,  mod i fied  – I n  the  defin i tion ,  speci fication  of z  
has  been  added  and  Note  3  to  en try has  been  replaced  to  provide  speci fic i n formation  on  zT ]  

3.26   
hydrophone  
transducer that produces  e lectrica l  s ignals  i n  response  to  pressure  fl uctuations  in  water 

Note  1  to  en try:  A hydrophone  i s  pri ncipal l y  a  pass ive  devi ce  des igned  and  bu i l t  to  respond  to  sound  pressu re.  

Note  2  to  en try:  I n  some appl i cations,  a  hydrophone  i s  used  as  an  acti ve  device  to  transmi t  sound .  

[SOURCE:  I EC 60050-801 : 2021 ,  801 -32-26]  

3.27   
instantaneous  acoustic  pressure  
p(t)  
pressure  at a  particu lar i nstant i n  t ime and  at  a  particu lar poin t  i n  an  acoustic  fie l d ,  m inus  the  
ambien t pressure  

Note  1  to  en try:  I nstan taneous  acoustic  pressure  i s  expressed  i n  pascals  (Pa).  

[SOURCE:  I EC 60050-802: 201 1 ,  802-01 -03]  

3.28   
maximum  RMS acoustic pressure  
pmax,RMS  

maximum  value  over the  en ti re  acoustic  fie ld  of the  RMS acoustic pressure  

Note  1  to  en try:  Maximum  RMS  acousti c  pressure  i s  expressed  i n  pascals  (Pa).  

3.29   
mean  square acoustic  pressure  
mean  square  of the  instantaneous  acoustic pressure  at  a  particu lar poin t  i n  the  acoustic  fie ld ,  
taken  over an  i n tegra l  number of acoustic  repeti tion  periods  

Note  1  to  en try:  I n  practi ce,  the  mean  value  i s  often  deri ved  from  RMS  measu rements .  

Note  2  to  en try:  Mean  square  acoustic  pressure  i s  expressed  i n  un i ts  of pascal  squared  (Pa2 ).  
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3.30   
modu lation  waveform  
temporal  envelope  waveform  of the  ampl i tude  modu lated  wave  a t  the  poin t  of peak RMS 
acoustic  pressure  on  the  beam  al ignment axis  and  d isplayed  over a  period  sufficien tly  l ong  
to  incl ude  a l l  s i gn i fican t acoustic i n formation  i n  the  ampl i tude  modulated  wave  

Note  1  to  en try:  See  Annex K for exampl es.  

3.31   
output  power 
P  
time-average  u l trason ic  power em i tted  by a  treatment  head  of u ltrasonic  physiotherapy  
equ ipment  i n to  an  approximately free  fie ld  under speci fied  cond i ti ons  in  a  speci fied  med ium,  
preferably i n  water 

Note  1  to  en try:  Outpu t  power  i s  expressed  i n  watts  (W).  

[SOURCE:  I EC  61 1 61 : 201 3,  3. 3,  mod i fied  – I n  the  defin i tion ,  "ultrasonic  transducer"  has  been  
replaced  by "treatment  head  of u l trason ic  physiotherapy  equ ipment" . ]  

3.32   
peak RMS acoustic  pressure  
maximum  value  of the  RMS acoustic pressure  over a  speci fied  reg ion ,  l i ne  or p l ane  in  an  
acoustic  fie ld  

Note  1  to  en try:  Peak RMS  acousti c pressure  i s  expressed  i n  pascals  (Pa).  

3.33   
pu lse  duration  
time  i n terval  beg inn ing  when  the  modulation  waveform  exceeds  a  reference value  and  end ing  
at  the  next t ime  the  modulation  waveform  returns  to  that  va lue  

Note  1  to  en try:  The  reference  value  i s  equal  to  the  sum  of the  m in imum  val ue  of the  modulation  waveform  and  
1 0  %  of the  d i fference  between  the  maximum  and  m in imum  va lue  of the  modulation  waveform .  

Note  2  to  en try:  Th i s  defi n i ti on  d i ffers  from  that  i n  I EC 621 27-1 : 2007  to  be  appl i cabl e  to  ampl i tude modu lated  
waves .  

Note  3  to  en try:  See  Annex K for examples.  

Note  4  to  en try:  Pulse  durati on  i s  expressed  i n  seconds  (s) .  

3.34  
pu lse  repeti tion  period  
prp  
time  i n terval  between  equ ivalen t poin ts  on  the  modulation  waveform  for an  ampl i tude 
modu lated  wave  

Note  1  to  en try:  See  Annex K for exampl es.  

Note  2  to  en try:  Pulse  repeti tion  period  i s  expressed  i n  seconds  (s ).  

3.35   
pu lse  repeti tion  rate  
prr  
reciprocal  of the  pulse  repeti tion  period  

Note  1  to  en try:  The  pu lse  repeti tion  rate  i s  equal  to  the  repeti ti on  frequency of the  modu l ated  waveform.  

Note  2  to  en try:  The  pu lse  repeti tion  rate  i s  expressed  i n  hertz  (Hz)  

[SOURCE:  I EC  621 27-1 : 2007,  3. 52,  mod i fied  – Note  1  to  en try d i ffers  from  the  ori g ina l  NOTE  1 . ]  
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3.36   
rated  ou tput  power 
maximum  output  power  of the  u ltrason ic  physiotherapy  equipment  a t  the  rated  value  of the  
mains  vol tage,  wi th  control  settings  configured  to  del iver maximum  output  power  

Note  1  to  en try:  Rated  ou tpu t power  i s  expressed  i n  watts  (W).  

3.37   
RMS  acoustic  pressure  
pRMS  

root-mean-square  (RMS)  of the  i nstantaneous  acoustic  pressure  a t  a  particu lar poin t  i n  an  
acoustic  fi e ld  

Note  1  to  en try:  The  mean  shou ld  be  taken  over an  i n tegra l  n umber of acoustic  repeti tion  periods  u n l ess  
otherwise  speci fi ed .  

Note  2  to  en try:  RMS acousti c pressure  i s  expressed  i n  pascals  (Pa).  

[SOURCE:  I EC 621 27-1 : 2007,  3 . 53]  

3.38   
spatial -peak temporal -peak acoustic  pressure  
psptp  

l arger of the  peak-compress ional  acoustic  pressure  or the  peak-rarefactional  acoustic  pressure  

Note  1  to  en try:  Spatial -peak temporal -peak acoustic  pressure  i s  expressed  i n  pascals  (Pa).  

[SOURCE:  I EC 621 27-1 : 2007,  3 . 63]  

3.39   
temporal-maximum  output power 
Ptm  

< for an  ampl i tude  modu lated  wave>  actual  output power  scaled  by hal f of the  squared  ratio  
of the  temporal-peak acoustic  pressure  and  the  RMS acoustic pressure  

 

2
tp

tm
RMS

1

2

p
P P

p

 
= × 

 
 

  (4)  

 

where  

P  i s  the  actual  output  power  under ampl i tude  modulated  wave  cond i ti ons;  

ptp  i s  the  temporal-peak acoustic  pressure ;  

pRMS  i s  the  RMS acoustic  pressure .  

Note  1  to  en try:  Both  p tp  and  pRMS  a re  measured  at  a  speci fi ed  poin t  on  the  beam  al ignment  axi s .  

Note  2  to  en try:  Temporal -maximum  output power  i s  expressed  i n  watts  (W).  

3.40   
total  mean  square acoustic  pressure  
pmst  

sum  of the  mean  square acoustic pressure  val ues,  each  wi th  a  speci fi ed  i ncrementa l  area,  i n  
a  speci fied  p lane  over speci fied  l im i ts  of summation  

Note  1  to  en try:  Total  mean  square  acousti c pressure  i s  expressed  i n  u n i ts  of pascal  squared  (Pa2 ).  
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3.41   
temporal -maximum  intensi ty 
Im  

< for an  ampl i tude  modu lated  wave>  quotien t of the  temporal -maximum  output power  and  
the  effective  radiating  area  

 
tm

m
ER

P
I

A
=   (5)  

 

where  

Ptm   i s  the  temporal -maximum  output  power;  

AER  i s  the  effective radiating  area .  

Note  1  to  en try:  Temporal -maximum  in tensi ty  i s  expressed  i n  u n i ts  of watt  per square  metre  (W/m2) .  

3.42   
temporal-peak acoustic  pressure  
ptp  

maximum  va lue  of the  modu lus  of the  i nstantaneous  acoustic  pressure  at  a  particu lar poin t  
i n  an  acoustic  fie ld  

Note  1  to  en try:  Temporal -peak acoustic  pressure  i s  expressed  i n  pascals  (Pa).  

[SOURCE:  I EC 621 27-1 : 2007,  3 . 67]  

3.43   
treatment head  
assembly compris ing  one  u ltrason ic  transducer  and  associated  parts  for l ocal  appl ication  of 
ultrasound  to  the  patien t  

[SOURCE:  I EC 60601 -2-5: 2009,  201 . 3 . 21 4,  mod i fied  – The  NOTE has  not been  i ncluded . ]  

3.44  
u l trason ic transducer 
device  capable  of converting  e lectrical  energy to  mechan ica l  energy wi th in  the  u l trason ic 
frequency range  and/or reciprocal ly  of converti ng  mechan ical  energy to  e lectrica l  energy 

[SOURCE:  I EC 621 27-1 : 2007,  3 . 73]  

3.45   
u l trasound  
acoustic osci l lation  whose frequency i s  above the  h igh-frequency l im i t  of aud ib le  sound  (abou t  
20  kHz)  

[SOURCE:  I EC 60050-802: 201 1 ,  802-01 -01 ]  

3.46   
u l trason ic physiotherapy equ ipment  
equ ipment 
equ ipment for the  generation  and  appl ication  of u l trasound  to  a  patient  for therapeutic 
purposes  

Note  1  to  en try:  Excluded  equ ipment  i ncl udes,  bu t  i s  not  l im i ted  to:  

– equ i pment i n  wh ich  u l trasound  waves  are  i n tended  to  destroy cong lomerates  (for example  stones  i n  the  ki d neys  
or the  b ladder)  or t i ssue  of any  type;  
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– equ i pment i n  wh ich  a  tool  i s  d ri ven  by u l trasound  ( for example  su rg ica l  scalpel s ,  phacoemu ls i fi ers ,  den tal  
scalers  or i n tracorporeal  l i thotripters);  

– equ i pment i n  wh ich  u l trasound  waves  are  i n tended  to  sens i ti ze  ti ssue  to  fu rther therapies  (for example  rad iati on  
or chemotherapy);  

– equ i pment i n  wh ich  u l trasound  waves  are  i n tended  to  treat  cancerous  ( i . e .  mal i gnant)  or pre-cancerous  ti ssue,  
or ben ign  masses,  such  as  h i gh  i n tensi ty  focused  u l trasound  (H I FU )  or h i gh  i n tensi ty  therapeu tic  u l trasound  
(H I TU ).  

[SOURCE:  I EC  60601 -2-5: 2009,  201 . 3 . 21 6,  mod i fied  – The  NOTE  has  been  mod i fied  to  g ive  
some  examples  of excluded  equ ipment. ]  

4 Symbols  

a  geometrical  rad ius  of the  active  e lement of a  treatment  head  

ABCS  beam  cross-sectional  area  

ABCS(0 , 3  cm)  beam  cross-sectional  area  eva luated  at  0 , 3  cm  from  the  fron t face  of the  
treatment head   

ABCS(zN)   beam  cross-sectional  area  eva luated  at  the  pos i tion  of the  l ast  axia l  
maximum,  zN 

AER  effective  rad iating  area  of a  treatment head  

ag  geometrical  rad ius  of the  active  e lement of a  hydrophone  

amax  maximum  effective  hydrophone s ize,  defined  i n  I EC  621 27-1  

Ao  un i t  area  for a  raster scan  

arp  acoustic repeti tion  period  

b  m in imum  rad ius  of a  target  for a  rad iation  force  balance  

c  speed  of sound  i n  water 

ERD  echo  reduction  

fawf  acoustic working  frequency  

Fac  conversion  factor to  convert ABCS(0, 3  cm)  to  AER  

Ie  effective  in tensi ty  

Im  temporal  maximum intensi ty  

k (=  2π/λ)  ci rcu lar wave number 

m  active  area grad ient  

ML   end-of-cable  loaded  sensi tivi ty of a  h ydrophone  

P  output  power  of a  treatment head   

Ptm   temporal -maximum  output power   

p(t)  instantaneous  acoustic  pressure  

ptp   temporal -peak acoustic  pressure  

psptp   spatial -peak temporal -peak acoustic  pressure  

pmax,RMS   maximum  RMS acoustic pressure  

pRMS   RMS acoustic  pressure  

pmst   total  mean  square acoustic pressure  

prp  pulse  repeti tion  period  

prr  pulse  repeti tion  rate  

Q  active  area coefficien t  
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R  ratio  of the  peak RMS acoustic  pressure  to  the  RMS acoustic  pressure  
averaged  over the  beam  cross-sectional  area  i n  a  speci fied  p lane  

RBN   beam  non-uniformity ratio  

s  s tep  s ize  for a  raster scan  

sn  normal ized  d istance  from  the  face  of the  transducer to  a  speci fi ed  poin t  on  
the  beam  al ignment axis  

u  end -of-cable  vol tage  for a  hydrophone  

u i  hydrophone  s i gnal  for the  i-th  scan  poin t  

un  RMS  noise  vol tage   

z  d i stance  from  the  face  of the  treatment  head  to  a  speci fied  poin t on  the  beam  
al ignment axis  

zj  d istance  from  the  face  of the  treatment  head  to  the  measurement p lane  
(perpend icu lar to  the  beam  al ignment axis)  of in terest  

zN d istance  from  the  face  of the  treatment  head  to  the  l ast maximum  of the  RMS 
acoustic pressure  on  the  beam  al ignment axis   

zp  d i stance  from  the  face  of the  treatment  head  to  the  peak RMS  acoustic 
pressure  on  the  beam  al ignment  axis   

λ  u l trason ic wavelength  

ρ  dens i ty  of water 

 

5 U l trasonic field  speci fications  

I n  add i ti on  to  the  general  requ i rements  speci fied  in  I EC  60601 -1  and  speci fic requ i rements  
speci fied  in  I EC 60601 -2-5,  manufacturers  shal l  speci fy  nom inal  va lues  for the  fol l owing  
parameters  i n  the  accompanying  l i terature  for each  type  of treatment  head :  

– rated  ou tput  power  (±20  % );  

– effective  rad iating  area  (AERN )  of the  treatment  head  ( ±20  % ) ;  

– effective  in tensi ty (Ie)  at the  same equ ipment setti ngs  as  the  nom inal  va lue  of the  

rated  ou tput  power  (±30  %);  

– acoustic working  frequency (fawf)  (±1 0  %);  

– beam  non-uniformity ratio  (RBN )  (±30  %);  

– beam  maximum intensi ty  (±30  %);  

– beam  type ;  

–  pu lse  duration ,  pu lse  repeti tion  period  (prp) ,  duty  factor  and  the  ratio  of the  temporal  
maximum  output power  to  the  output  power  for each  modu lation  setting  (±5  %);  

– modu lation  waveform  for each  modu lation  setti ng .  

The  numbers  g iven  i n  brackets  are  the  tolerances  defin ing  the  range  of acceptable  values  for 
the  resu l ts  of e i ther the  type  testing  reference measurements  speci fi ed  i n  Clause  7  or the  
rou tine  measurements  speci fi ed  i n  C lause  8.  I f the  publ ished  to lerance requ irement cannot be  
met,  then  the  95  %  con fidence  l evel  that i s  ach ievable  shou ld  be  reported .  I t  shal l  then  be  
demonstrated  that  the  reported  value,  when  i ncorporated  wi th  the  to lerance so  as  to  produce  
the  "worst case"  va lue,  remains  wi th in  the  range  of acceptable  values,  as  speci fi ed  i n  
I EC 60601 ‑2 ‑5,  and  on  wh ich  more  deta i l s  are  provided  i n  Annex A.  

The  temperature  range  shal l  be  speci fi ed  for the  parameters  speci fi ed  above.  The  range  of l i ne  
vol tages  shal l  a lso  be  speci fied .  
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For ul trasonic physiotherapy equ ipment  us i ng  a  treatment  head  capable  of operating  at  
more  than  one  nominal  va lue  of acoustic working  frequency,  the  parameters  l i s ted  above  
shal l  be  speci fi ed  for each  nom inal  value  of acoustic  working  frequency .  

I n  add i ti on ,  for ultrasonic  physiotherapy  equipment  wh ich  can  use  an  attachment  head ,  the  
parameters  l i s ted  above  shal l  be  speci fied  for each  combination  of attachment  head  and  
treatment  head .  

NOTE  Th is  d ocument  does  not  contain  requ i rements  re lati ng  to  safety:  these  are  covered  i n  I EC 60601 -2-5.  
However,  the  requ i rements  of I EC 60601 -2-5  on  parameters  of th i s  document,  as  wel l  as  gu i dance  on  performance  
and  safety,  can  be  found  i n  Annex A.  

6 Condi tions  of measurement and  test equipment used  

6.1  General  

Al l  measurements  undertaken  i n  water shal l  be  under approximately free-fiel d  cond i ti ons  at a  
temperature  of 22  °C  ±  3  °C.  

I f measurements  are  carried  ou t at  any other temperature,  a  test  sha l l  be  undertaken  to  show 
that  the  resu l ts,  determined  in  accordance  wi th  7 . 6  and  8. 6 ,  are  not  dependent on  the  
temperature  at wh ich  the  tests  were  undertaken .  

Degassed  water shal l  be  used  for the  measurement of u l trason ic power,  see  Clause  7.  The  
amoun t of d issolved  oxygen  in  the  degassed  water shal l  be  <  4  mg/l  d uring  a l l  measurements .   

NOTE  Degassed  water i s  essential  to  avoi d  cavi tation  when  the  physiotherapy un i ts  are  operated  at  or near fu l l  
output  power.  I n formation  on  preparati on  of water su i tabl e  for physiotherapy measu rements  can  be  found  i n  

I EC 61 1 61 ,  I EC TR 62781  and  i n  [1 ] 1 .  

Al l  measurements  shal l  be  made after the  warm-up period  speci fied  by the  manufacturer.  I f no  
such  period  is  speci fied ,  a  period  of 30  m in  shal l  be  used .  

6.2  Test vessel  

The test vessel  used  for a l l  hydrophone  measurements  shal l  be  l arge  enough  to  a l l ow the  
immers ion  of both  the  treatment  head  and  the  hydrophone .  The  tank s ize  shou ld  conform  to  
I EC 621 27-1 .  

The  re lative  pos i ti on  and  angu lar orien tation  of the  treatment head  and  hydrophone  sha l l  be  
ad j ustable  for the  purposes  of a l i gnment i n  accordance wi th  I EC 621 27-1 .  Fu l l  degrees  of 
freedom  of movement of both  may be  provided ,  a l though  the  m in imum  requ i rement i s  that e i ther 
the  treatment head  or the  hydrophone  sha l l  possess  three  i ndependent degrees  of 
trans lational  movement.  The  measurements  shal l  be  performed  under free-fie l d  cond i ti ons.  To  
ach ieve  these  cond i ti ons,  i t  may be  necessary to  l i ne  the  wal ls  of the  test  vessel  as  wel l  as  the  
mounts  used  to  hold  the  treatment  head  and  the  hydrophone  wi th  absorbers  or ang led  
reflector(s)  and  absorber(s)  of h igher absorption  and  lower scatter.  The  free-fiel d  cond i ti ons  wi l l  
be  met sufficien tly  when  the  overal l  echo  is  reduced  by more  than  25  dB.  Various  methods  can  
be  used  to  check the  compl iance  for echo  reduction  of the  tank l i n i ng  materials  used .   

___________ 

1   Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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Compliance for overall echo reduction  of an  acoustic absorber may be checked using the  
procedure from IEC TS 63081 .  If echo reduction is determined it shall be measured at the 
acoustic working frequency of the treatment head under test using tone-burst ultrasound,  
with the acoustic absorber located in  the far field of the separately driven  ultrasonic  
transducer.  The pressure amplitude of the reflection from the  front surface of the acoustic 
absorber,  pabsorber,  is compared to that from a perfect planar reflector,  preflector.  The acoustic 

absorber and the reference reflector shall be  aligned near normal to the beam  alignment axis  
but angled so that the reflected signal can be intercepted by the hydrophone.  Given that the 
amplitude reflection coefficient of a  reference reflector Rp , reflector,  such as a  stainless-steel 

reflector (Rp , reflector =  0, 938 9)  is slightly less than that of a  perfect reflector (Rp , reflector =  1 ) ,  the 

measured reflection pressure amplitude pabsorber can be adjusted to account for the imperfect 

reflection  in  accordance with  

 ( ) ( )absorber absorber ,reflectorˆ pp f p f R= ⋅  (6)  

 

The echo reduction ERD  in  decibels (dB)  is then calculated using  

 absorber
1 0

reflector

ˆ
20 log dB

p
ERD

p

 
= −  

 
 (7)  

 

When a  reference reflector is used,  its thickness shall be sufficient that reflections from its rear 
surface do not introduce unwanted measurement artefacts.  

Compliance of the test vessel to free-field conditions is checked by noting the invariance of the 
product  pmst  ·  s

2  (see 7. 4.7)  after completing the  measurements specified in  Clause 7.  

NOTE  For some treatment  heads ,  u l trasound  refl ected  back to  the  treatment head  can  affect  output power,  
parti cu larl y  i n  the  case  of coherent  refl ecti ons  from  absorbers  wi th  p l anar smooth  surfaces.  I n  these  i nstances,  an  
improved  approximati on  to  free-fie l d  cond i ti ons  can  be  obta ined  by  us i ng  acousti c  absorbers  wi th  textu red  su rfaces.  

6.3  Hydrophone  

Al l  pressure  measurements  shal l  be  made wi th  a  hydrophone ,  for example,  wi th  e i ther a  
p iezoelectric polymer or ceramic active  e lement.  The  electrical  s ignal  from  the  hydrophone  
may be  ampl i fied  for adequate  measurement accuracy.  The  maximum  effective  rad ius  of the  
hydrophone  used  for the  measurements  shal l  be  amax  so  that:  

 amax  /  λ  ≤  0 , 4  (8)  

 

NOTE  1  For more  i n formation  on  the  use  of hydrophones  see  I EC 621 27-1 .  

NOTE  2  The  i n fl uence  of effecti ve  hydrophone  rad i us  on  measurement  i s  described  i n  Annex H .  

NOTE  3  I n formation  on  the  frequency-dependent  effecti ve  hydrophone  rad ius  or s i ze  and  i ts  deri vati on  from  
d i rectiona l  response  measu rements  can  be  found  i n  I EC 621 27-3.  
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6.4 RMS  peak s ignal  measurement  

The  measured  end-of-cable  vol tage  uL(t)  at  the  hydrophone  sha l l  be  related  to  the  

instantaneous  acoustic  pressure  p  applying  the  end-of-cable  loaded  sensi tivi ty  ML  of the  

hydrophone  i n  accordance  wi th  I EC 621 27-1 .  I f d is tortion  caused  by non l inear propagation  
effects  is  neg l ig ible,  the  narrow-band  approximation  can  be  appl ied ,  and  the  i nstantaneous  
acoustic pressure  can  be  determined  from  

 p(t)  =  uL(t)  /  |ML(fawf) |
 
 (9)  

 

where  |ML(fawf) |  i s  the  modu lus  of the  end-of-cable  l oaded  sensi tivi ty  of the  hydrophone  at  

the  acoustic-working  frequency .  However,  i n  practice,  the  absolu te  values  of the  acoustic 
pressure  are  not requ i red  as  the  analys is  of measured  data  throughout th is  document i s  based  
on  relative  hydrophone  measurements.  

NOTE  1  For more  i n formati on  on  cri teri a  for the  narrow-band  approximation ,  and  a l ternati ves  for broadband  
measurements  us ing  the  frequency-dependent sens i ti vi ty  of the  hydrophone ,  see  I EC 621 27-1 .  

NOTE  2  For more  i n formation  on  the  determ ination  of the  hydrophone  sensi ti vi ti es  see  I EC  621 27-2.  

Subsequent reference  to  acoustic pressure  wi l l  refer to  the  RMS  acoustic  pressure  for 
conven ience.  I n  fact,  i f d i stortion  caused  by non l inear propagation  effects  is  neg l ig ib le,  i n  wh ich  
case  the  temporal-peak acoustic pressure  i s  proportional  to  the  RMS acoustic  pressure  as  
the  exci tation  vol tage  to  the  u l trasonic  transducer  i s  i ncreased ,  temporal-peak acoustic 
pressure  may as  wel l  be  chosen .  Al l  measurements  need  to  be  based  on  the  same method .  

The  l i neari ty  of the  response  of the  combination  of hydrophone ,  hydrophone/ampl i fier and  the  
RMS or peak detection  system  shal l  be  determined  and ,  i f appropriate,  corrections  shal l  be  
made to  the  measured  data.  

Compliance for linearity shall be  checked using a  well-characterized linear ultrasonic 
transducer and measuring the signal received by the hydrophone  and measuring system as 
a  function of voltage excitation applied to  the ultrasonic  transducer.  

7 Type testing  reference procedures  and  measurements  

7. 1  General  

The procedures  speci fied  i n  7 . 2  to  7 . 4  shal l  be  used  for the  determ ination  of type  testing  
reference  va lues  for the  parameters  speci fi ed  i n  7 . 5 .  

Any u ltrason ic  physiotherapy  equipment  that incl udes  ci rcu i ts  that control  the  acoustic ou tpu t 
of the  u ltrasonic  transducer  i n  response to  changes  i n  the  acoustic  impedance  of the  
propagation  med ium  shal l  be  configured  so  that  the  control  ci rcu i try is  swi tched  off,  i f possib le.  
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7.2  Rated  output power 

Output  power  of the  ultrason ic  physiotherapy  equipment  shal l  be  determined  in  accordance 
wi th  I EC 61 1 61 .  Rated  output  power  shal l  be  determined  by setting  a l l  controls  of the  
equ ipment to  yie l d  the  maximum  output  power.  To  avoid  cavi tation ,  degassed  water shal l  be  
used  between  the  output  face  of the  treatment  head  and  the  en trance  of the  power 
measurement system.  The  amount of d issolved  oxygen  i n  the  degassed  water shal l  be  <  4  mg /l  
during  a l l  measurements.  Overal l  u ncertain ty of measurement expressed  at the  95  %  
con fidence  level  shal l  be  determ ined  (see  9. 3)  and  shal l  be  better than  ±1 5  %.  Measurements  
shal l  be  traceable  to  national  measurement standards.  The  absolute  maximum rated  output  
power  sha l l  be  determ ined  from  the  sum  of the  rated  output power  and  the  overal l  u ncertain ty 
i n  the  mean  value  of the  measured  rated  output power  and  the  maximum  increase  in  the  rated  
output  power  for a  ±1 0  %  variation  i n  the  nominal  l i ne  vol tage.  (See  Annex F. )  

7.3  Hydrophone  measurements  

The  treatment  head  sha l l  be  set  up  in  the  test vessel  i n  accordance  wi th  C lause  6 .  

Al l  measurements  of effective  rad iating  area  sha l l  be  undertaken  wi th  the  equ ipment set  i n  
continuous  wave  mode  at i n tensi ti es  l ow enough  to  avoid  cavi tation .  Us ing  degassed  water i n  
the  measurement system  is  good  practice  to  ensure  that  a i r bubbles  are  not  present on  the  face  
of the  treatment head  or on  the  hydrophone .  

NOTE 1  Measurements  of b e a m  cross-sectional  area  are  performed  at l ow powers  to  protect the  need l e  
hydrophones  used .  The  va l i d i ty  of extrapolati ng  these  val ues  to  h i gher power l evel s  more  typical  of therapeutic 
treatment i s  demonstrated  i n  An n ex  G .  

NOTE  2  Treatment heads  wi th  a  ≤  1 0  mm,  when  compared  wi th  treatment heads  of l arger d imensi ons  operati n g  
at  s im i l ar equ ipmen t output  setti ngs ,  have  been  observed  to  produce  h i g her temporal -peak acoustic  pressure  
l evel s .  For treatment heads  wi th  an  acoustic-working  frequency of 1  MHz or l ess ,  th i s  i ncreases  the  ri sk of 
cavi tati on  occurri ng .  The  l ower l im i t  of 0 , 2  W /cm 2  for these  smal l  ka  treatmen t heads  min im izes  th i s  l i kel i hood .  

To reduce the  l ikely  effects  of acoustic  reflections  on  the  received  hydrophone  s i gnal ,  i t  i s  
perm iss ible  to  make  hydrophone  measurements  wi th  the  u ltrasonic  physiotherapy  
equ ipment  operating  i n  tone-burst mode producing  an  ampl i tude  modulated  wave .  I f 
measurements  are  carried  ou t i n  th is  way,  i t  shal l  be  demonstrated  that the  derivation  of the  
measured  parameters  from  the  ampl i tude  modu lated  wave  acoustic fi e l d  are  equ iva len t to  
those  determ ined  i n  the  continuous  wave  case.  The  effect of making  measurements  i n  the  
ampl i tude  modulated  wave  acoustic fi e ld  case  on  the  uncerta in ties  i n  the  nominal  va lues  of 
the  parameters  l i s ted  in  Clause  5  shou ld  a lso  be  assessed .  

The  beam  al ignment  axis  o f the  treatment  head  sha l l  be  establ ished  by hydrophone  scann ing  
i n  accordance  wi th  I EC 621 27-1 .  The  second  p lane  surface  (see  3 . 1 2)  sha l l  i n i tia l ly  be  chosen  
as  AERN /(3πλ) .  I f i t  i s  not poss ib le  to  locate  a  s ing le  peak at or close  to  th is  d istance,  the  l arger 

d istance  of 2AERN /(πλ)  shal l  be  chosen.  I f th is  l atter d istance  i s  too  large,  locate  another 

measurement p lane  su fficien tly  far from  the  fi rst in  order to  establ ish  re l iably the  beam  
al ignment  axis .  Once  a l i gned ,  an  axia l  p lot shal l  be  performed  a long  the  beam  al ignment  axis  
and  the  d istance  of the  maximum  RMS  acoustic  pressure ,  zp ,  and  the  posi ti on  of the  l ast axial  

maximum,  zN,  shal l  be  determined .  I t  may occur that zp  and  zN are  equal .  

The  s tep  s ize  of the  axia l  p l ot  shal l  be  typical ly  between  0 , 5  mm  and  1 , 0  mm,  and  shal l  not  be  
greater than  2  mm.  

The  acoustic-working  frequency  shal l  be  determined  wi th  the  hydrophone  a t  a  d istance  zp  

from  the  treatment  head .  
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Wi th  the  hydrophone  pos i tioned  at  the  same  p lace,  the  pu lse  duration ,  pulse  repeti tion  
period  and  duty  factor  shal l  be  determined ,  and  the  modu lation  waveform  shal l  be  recorded  
for the  d i fferen t modu lation  settings  of the  equ ipment.  The  quotien t of the  temporal -peak  
acoustic  pressure  to  the  RMS acoustic  pressure  sha l l  be  determ ined  for each  modu lation  
setting .  The  temporal -maximum  output  power  shal l  then  be  determined  us ing  the  output  
power  d eterm ined  from  7 . 2 .  

7.4 Effective  radiating  area  

7.4. 1  Effective  radiating  area  measurements  

Effective rad iating  area ,  AER,  of the  treatment  head  sha l l  be  determ ined  by undertaking  a  

raster scan  of the  acoustic  fie ld  i n  a  p l ane  perpend icu lar to  the  beam  al ignment  axis  at  a  
d istance  of 0 , 3  cm  from  the  ou tput  face  of the  treatment  head ,  us ing  a  hydrophone .  From  th is  
scan ,  the  effective  rad iating  area  of the  treatment  head  shal l  be  derived  from  the  beam  
cross-sectional  area ,  ABCS .  The  general  requ irements  for raster scans  are  g iven  i n  

Clauses  B. 1  and  B .2 .  The  actual  procedure  for the  reference measurements  and  the  analysis  
of the  resu l ts  are  g iven  in  7 . 4 . 2  to  7 . 4. 7.  Under normal  test  cond i ti ons,  the  resu l ts  us ing  the  test  
methods  described  shal l  produce an  overal l  u ncertain ty i n  the  determination  of effective  
radiating  area  (a t the  95  %  confidence  l evel )  of ±1 0  % .  

For the  determination  of the  beam  non-uniformi ty ratio ,  RBN ,  u nder normal  test  cond i ti ons,  

the  test methods  shal l  ach ieve  a  measurement uncertain ty (at the  95  %  confidence  l evel )  of 
l ess  than  ±1 5  % .  

7.4.2  Hydrophone  posi tion ing  

With  the  hydrophone  a t  d istance  zp ,  the  pos i ti on  of the  hydrophone  sha l l  be  ad j usted  i n  the  

p lane  perpend icu lar to  the  beam  al ignment axis  to  determine  the  maximum RMS acoustic  
pressure ,  pmax,RMS ,  i n  the  fie l d .   

Th is  sha l l  be  done  e i ther by carrying  ou t a  raster scan  over a  l im i ted  reg ion  of the  acoustic fi e ld  
or by manual  trans lation .  

7.4.3  Beam  cross-sectional  area  determination  

The beam  cross-sectional  area  shal l  be  determined  at 0 , 3  cm  from  the  ou tpu t face  of the  
treatment  head ,  and  at the  pos i ti on  of the  l ast  axial  maximum,  zN.  The  analysis  of the  raster 

scans  shal l  be  carried  ou t i n  accordance wi th  C lause  B. 3.  The  analys is  yie l ds  the  beam  cross-
sectional  areas ,  ABCS(0, 3  cm)  and  ABCS(zN)  and  the  total  mean  square  acoustic  pressure ,  

pmst ,  at  each  measurement p lane.  

7.4.4  Active  area  gradient  determination  

The  active  area  grad ien t,  m ,  and  the  active  area  coefficient ,  Q,  [Q  =  m /ABCS(0, 3  cm)]  shal l  

be  determined .  

Provided by IHS Markit under l icense with  IEC

No reproduction  or networking  permitted without l icense from IHS Markit

Full document details: IEC 61689-2022

http://www.avadocuments.com/doc/iec-61689-2022
http://www.avadocuments.com/doc/iec-61689-2022


I EC 61 689: 2022  © I EC 2022  – 25  –  

7.4.5  Beam  type  determination  

The beam  type  shal l  be  determined  from:  

 

Q  ≥  0 , 1  cm−1  divergent   

−0, 05  cm−1  ≤  Q  ≤  0 , 1  cm−1  col l imated  

Q  <  −0,05  cm−1  convergent  

(1 0)  

 

7.4.6  Effective  rad iating  area  calcu lation  

The effective  rad iating  area ,  AER,  of the  treatment  head  shal l  be  determined  as  fo l l ows:  

 AER  =  FacABCS(0, 3  cm)  =  1 , 333ABCS  (0 , 3  cm)  (1 1 )  

 

NOTE  Stud i es  have  shown  that  phys ical l y  un real i sti c  val ues  for treatment  head  effecti ve  rad iating  area  can  occur 
when  applying  l i near extrapolation  procedures  to  scans  carried  ou t  i n  four p l anes  on  smal l  ka  treatmen t  heads .  The  
analys i s  d escribed  above,  i n  wh ich  the  effecti ve  rad iating  area  i s  determ ined  from  measurements  made  i n  a  p l ane  
at  a  d i stance  of 0 , 3  cm  from  the  ou tpu t face  of the  treatment  head ,  produces  phys ical l y  real i sti c  data.  

7.4.7  Beam  non-un iformity ratio  calcu lation  

The beam  non-uniformity ratio ,  RBN ,  shal l  be  calcu lated  from:  

 
2
max ER

BN
2

t

p A
R

pms s

⋅
=

⋅
  (1 2 )  

 

where  

 ( ) ( ) ( ) ( ){ }2 2 2
t t t

1
0, 3 0, 3

2 N Npms s pms s pms z s z   ⋅ = ⋅ + ⋅
      (1 3)  

 

NOTE  1  Al though  pmax, RMS  and  pms t  are  referred  to  as  acousti c  pressure  or pressu re-squared  parameters,  on l y  thei r 

rati o  i s  used  for the  determ ination  of RBN ,  hence  the  end-of-cable  loaded  sensi tivi ty  of the  hydrophone  i s  not 

needed .  

NOTE  2  The  product  pms t  ·  s
2  i s  re l ated  to  the  acousti c  power and  i s  ca l cu l ated  by summation  of the  pressure-

squared  val ues  over the  area  of the  raster scans  i n  the  p l ane  at  0 , 3  cm  from  the  treatmen t  head ,  and  a l so  the  p l ane  
at  z

N
.  I n  i d eal  cases,  i t  i s  i nvari ant  wi th  d i stance  from  the  treatment  head .  

7.4.8  Testing  requ irements  

The procedures  g iven  in  7. 4 . 1  to  7. 4. 7  refer to  measurements  made  on  one  treatment  head .  
After measurements  have  been  completed  on  the  g roup  of treatment  heads  i n  accordance  wi th  
the  sampl ing  requ irements  of 9 . 1 ,  mean  values  of the  various  parameters  speci fi ed  i n  7 . 5  shal l  
be  determined .  
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7.5  Reference  type  testing  parameters  

For the  purposes  of reference  type  testi ng ,  va lues  for the  fol lowing  parameters  shal l  be  
determined  and  recorded :  

– rated  ou tput  power;  

– effective  rad iating  area  (AER)  of the  treatment  head ;  

–  effective  in tensi ty  (Ie)  a t the  same  equ ipment settings  as  the  rated  output  power;  

–  acoustic-working  frequency  (fawf) ;  

– the  d is tance  from  the  face  of the  treatment head  to  the  peak  RMS  acoustic  pressure  on  
the  beam  al ignment  axis  (zp) ;  

– beam  non-uniformity ratio  (RBN ) ;  

– beam  type ;  

– pulse  duration ,  pulse  repeti tion  period  (prp)  and  duty  factor  for each  modu lation  setting ;  

– modu lation  waveform  for each  modu lation  setti ng .  

NOTE  Th is  set  of parameters  cou ld  be  used  for the  purposes  of record i ng  the  performance  of a  s i ng le  p i ece  of 
u l trason ic  physiotherapy equ ipment.  

The va lues  shal l  be  the  mean  values  based  on  sampl i ng  speci fi ed  in  9 . 1 .  The  overal l  uncerta in ty  
at the  95  %  confidence l evel  shal l  a lso  be  determined  based  on  the  methods  speci fi ed  in  
Annex J .  

I n  add i tion ,  absolu te  maximum  or absolu te  m in imum  values  for certain  parameters  shal l  be  
determined  as  fo l lows.  

The  absolute  m in imum  effective  radiating  area  shal l  be  determined  by subtracti ng  the  95  %  
confidence  overal l  uncerta in ty  i n  the  effective  radiating  area  from  the  mean  value  of the  
effective  rad iating  area .  

The  absolute  maximum  beam  non-uniformity ratio  shal l  be  determined  by add ing  the  95  %  
confidence  overal l  uncertain ty  i n  the  determination  of the  beam  non-un iformity ratio  to  the  
mean  value  of the  beam  non-un iformity ratio .  

7.6  Acceptance  cri teria  for reference  type  testing  

For the  parameters  l i s ted  below,  the  acceptance  cri teria  for each  treatment  head  shal l  be  that 
the  measured  values  p lus  and  m inus  the  95  %  confidence overal l  u ncertain ty  i n  the  measured  
va lues  shal l  be  enti re ly wi th in  the  range  defined  by the  nominal  va lues  and  thei r to lerances  
speci fied  i n  C lause  5.  The  parameters  are  as  fo l l ows:  

– rated  ou tput  power;  

– effective  rad iating  area  (AER)  of the  treatment  head ;  

–  acoustic-working  frequency (fawf) ;  

– pulse  duration ,  pulse  repeti tion  period  (prp)  and  duty  factor  for each  modu lation  setting .  

For beam  type ,  the  acceptance cri terion  shal l  be  that the  beam  type  shal l  be  the  same as  the  
nominal  beam  type  speci fi ed  i n  C lause 5.  

For effective in tensi ty  and  beam  non-un iformi ty ratio ,  acceptance  cri teria  are  speci fi ed  i n  
I EC 60601 -2-5.  Gu idance  on  these  parameters  can  be  found  in  Annex A.  

Compliance is checked by measurement in  accordance with  7. 2 to 7. 4.  
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8 Routine  measurement procedure  

8. 1  General  

These  procedures  shal l  be  used  as  the  basis  of tests  that  may be  undertaken  on  a  routi ne  bas is ,  
poss ib ly for each  un i t  of ultrason ic  physiotherapy equ ipment ,  bu t  more  typica l ly for a  certa in  
percentage  of the  production .  Th is  cou ld  form  the  basis  of good  manufacturing  practice  or 
qua l i ty  assurance  procedures.  

The  rou tine  tests  speci fi ed  here  involve  the  determ ination  of the  values  of certain  acoustica l  
parameters,  wh ich  shal l  then  be  compared  wi th  the  manufacturer's  declared  va lues  (nominal  
va lues)  and  the ir to lerances,  where  appropriate,  g i ven  in  Clause  5 .  

8.2  Rated  output power 

The rated  output  power  of the  equ ipment  sha l l  be  determined  in  accordance wi th  7. 2 .  

NOTE  Al though  not  a  requ i rement  of th i s  document,  ascerta in i ng  accuracy of i nd icated  power i s  an  i n tegral  part  of 
cal i bration :  see  I EC 60601 -2-5.  

8.3  Effective  radiating  area  

8.3. 1  The treatment  head  shal l  be  set  up  in  the  test vessel  i n  accordance wi th  C lause  6.  
However,  a l i gnment of the  treatment  head  sha l l  be  ach ieved  by us ing  a  mount des igned  to  
hold  the  treatment  head  under test in  an  orien tation  s im i l ar to  that used  for the  reference  type  
testing .  An  appropriate  mechan ica l  a l ignment device  may be  used  that accepts  the  treatment  
head  and  a lways  defines  the  orientation  of the  front face  i n  re lation  to  the  trans lationa l  axes  of 
the  hydrophone .  

NOTE  The  aim  here  i s  to  a l l ow a l l  treatmen t  heads  to  be  set  up  us ing  a  j i g  or a l i gnment  method  i n  such  a  way that  
the  orien tation  of each  treatment  head  i s  the  same  as  that  used  for the  reference  measu rements.  

8.3.2  A fu l l  axia l  p l ot of the  acoustic pressure  d istribu tion  shal l  be  completed  to  l ocate  the  
posi tions  of zp  and  zN for each  treatment  head ,  such  that pRMS,max  may be  determ ined .  I t  may  

occur that  zp  and  zN are  equal .  

8.3.3  The beam  cross-sectional  area  shal l  be  determined  i n  the  p lane  at a  d istance  of 
0 , 3  cm  from  the  face  of the  treatment head  by  carrying  ou t a  raster scan  as  described  in  7 . 4.  
The  beam  cross-sectional  area  a t  zN shal l  a lso  be  determined  and  may be  derived  from  a  

raster scan  in  accordance wi th  the  requ irements  of Annex B,  or by  us ing  four l i ne  or d iametrica l  
scans.  The  measurement and  analys is  procedures  used  for determination  of beam  cross-
sectional  area  us ing  d iametrical  scans  shal l  be  i n  accordance wi th  Annex C.  

8.3.4  The effective  rad iating  area ,  AER,  can  be  estimated  on  a  rou ti ne  evaluation  bas is  

through  an  a l ternative  experimental  method  that u ses  a  rad iation  force  ba lance  i n  con j unction  
wi th  ci rcu lar apertures,  formed  by an  ul trasound  absorbing  materia l  wi th  l ow reflection  l oss .  
An  example  of such  an  implementation ,  and  a  worked  example  of the  calcu lations  requ ired  to  
derive  the  effective  rad iating  area  from  the  measurements  made  us ing  a  range  of aperture  
d iameters,  i s  described  i n  detai l  i n  Annex I .  

NOTE  The  value  deri ved  for the  effective  rad i ating  area  u s i ng  the  apertu re  techn i que  i s  cons idered  an  
approximati on  to  the  true  effective  rad i ating  area  th at  wou l d  be  derived  when  carrying  ou t  the  procedu res  descri bed  
i n  7 . 4.  

8.4  Beam  non-un iformity ratio  

The beam  non-uniformity ratio ,  RBN ,  shal l  be  determined  in  accordance  wi th  7 . 4 . 7.  
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8.5  Effective  in tensi ty 

The effective  in tensi ty  sha l l  be  determ ined  i n  accordance  wi th  3. 22.  

8.6  Acceptance  cri teria  for routine testing  

The  range  of rated  output power,  d efined  by the  measured  rated  output  power  p l us  and  
m inus  the  95  %  confidence overal l  uncertain ty for the  rou ti ne  measurement of rated  output  
power  (see  9 . 3) ,  sha l l  be  en ti rely  wi th in  the  range  of va lues  defined  by the  manufactu rer's  
nominal  va lue  for the  rated  output power  and  i ts  to lerances  speci fied  i n  accordance  wi th  
Clause  5.  

Compliance is checked by measurement in  accordance with  7. 2.  

The range  of effective  radiating  area ,  d efined  by the  measured  effective  rad iating  area  p l us  
and  m inus  the  95  %  con fidence  overal l  u ncertain ty for the  routi ne  measurement of effective  
rad iating  area ,  shal l  be  enti re ly wi th in  the  range  of values  defined  by the  manufacturer's  
nominal  va lue  of the  effective  radiating  area  and  i ts  to lerances  speci fi ed  i n  accordance  wi th  
Clause  5.  

Compliance is checked by measurement in  accordance with  7. 4 and 8. 3.  

The range  of effective  in tensi ty,  defined  by the  measured  effective  in tensi ty  p l us  and  m inus  
the  95  %  confidence  overal l  uncertain ty for the  rou tine  measurement of effective  in tensi ty ,  
shal l  be  en ti re ly wi th in  the  range  of values  defined  by the  manu facturer's  nominal  va lue  of the  
effective  in tensi ty  and  i ts  to lerances  speci fi ed  i n  accordance  wi th  Clause  5.  

Compliance is checked by measurement in  accordance with  7. 2 and 8. 3.  

The va lue  of the  beam  non-un iformity ratio  p l us  the  95  %  confidence overal l  u ncertain ty i n  
the  rou ti ne  measurement of beam  non-uniformi ty ratio  shal l  be  l ess  than  or equal  to  the  
nominal  va lue  of the  beam  non-un iformity ratio  speci fied  i n  accordance wi th  Clause  5.  

Compliance is checked by measurement in  accordance with  7. 4. 7.  

9  Sampl ing  and  uncertainty determination  

9. 1  Reference  type  testing  measurements  

The mean  values  for reference type  testi ng  speci fi ed  in  7 . 5  sha l l  be  based  on  a  sample  batch  
of nominal ly i den tical  un i ts  of the  ultrason ic  physiotherapy  equ ipment .  

9.2  Routine  measurements  

The rou ti ne  measurements  shal l  be  undertaken  as  the  bas is  of good  manufacturing  practice.  
Normal ly,  they shal l  be  undertaken  as  the  bas is  for testing  batch  production  or at any time when  
there  may be  reason  to  suspect  changes  may have  occurred .  Typica l ly,  they shal l  be  undertaken  
on  a  certain  percentage  of production  bu t,  exceptional ly,  cou ld  be  undertaken  on  each  
manufactured  un i t  of u l trasonic  physiotherapy equ ipment.  

For the  purpose  of carrying  ou t the  Type  A uncertain ty  evaluation  (see  Annex J )  for routine  
measurements  when  fu l l  repeat measurements  are  impractica l ,  partia l  repeat measurements  
may be  carried  ou t (by repeating  those  aspects  of the  measurement process  wh ich  can  be  
undertaken  s imply  and  qu ickly)  and  a  prior knowledge  for the  type  of measurement be ing  
undertaken  then  used  to  carry ou t an  estimated  Type  A uncertain ty evaluation .  
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NOTE  An  example  of th i s  wou ld  be  to  carry ou t  two  l i ne  scan  measurements  on  a  type  of treatment  head ,  and  to  
use  the  ou tcome from  a  Type  A uncertai n ty evaluati on  carri ed  ou t  previously  on  a  raster scan  on  a  treatment  head  
of the  same type  to  produce  an  overal l  uncertai n ty  i n  effecti ve  rad iating  area .  

9.3  Uncertainty determination  

Where i t  i s  necessary to  determ ine  the  95  %  con fidence overal l  uncertain ty of the  measurement,  
or any parameter,  for the  purposes  of th is  document,  normal  uncertain ty analysis  and  estimation  
methods  shal l  be  used  (see  Annex J  for gu idance).  
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Annex A 
(normative)  

 
Gu idance for performance and  safety 

A.1  General  

Clauses  A. 2  to  A. 4  reflect  the  establ ished  approach  on  acceptable  va lues  of a  few safety  re lated  
parameters.  

A.2  Rated  output power 

Accord ing  to  I EC  60601 -2-5,  the  rated  output  power  shal l  not  vary by more  than  ±20  %  for 
variations  of the  mains  vol tage  of ±1 0  %.  Manual  read j ustment of the  equ ipment for compl iance  
wi th  th is  requ i rement i s  not  permi tted .  

Compliance is checked by measurement of the  rated output power in  accordance with  7. 2 at 
90 %,  100 % and 110 % of the  rated value of the  mains voltage.  For example,  if the 
physiotherapy unit has a  rated mains voltage of 230 V,  the rated output power shall be 
checked at mains voltages of 230 (±10 %)  V.  

The term  "rated"  i s  defined  i n  I EC  60601 -1  as  the  "value  assigned  by the  manufacturer to  a  
quanti ty characteristic of the  equ ipment" .  Th is  means  that when  a  manufacturer speci fi es  a  
useable  vol tage  on  the  back of a  therapy un i t,  th i s  i s  a  " rated"  value ;  so,  from  I EC 60601 -2-5,  
the  power ou tpu t  needs  to  be  checked  for variation  at 90  %,  1 00  %  and  1 1 0  %  of the  declared  
value  even  when  there  is  a  range.  

A.3 Effective intensi ty 

Accord ing  to  I EC  60601 -2-5,  the  absolute  maximum effective in tensi ty  shal l  be  less  than  or 
equal  to  3 , 0  W /cm2 .  

Compliance is checked by determination of the absolute maximum rated output power in  
accordance with  7. 2 and absolute minimum effective radiating area in  accordance with 7. 4.  

A.4 Beam non-uni formity ratio  

A.4. 1  General  

Accord ing  to  I EC  60601 -2-5,  the  absolute  maximum beam  non-uniformity ratio  shal l  be  l ess  
than  or equal  to  8 , 0.  

Compliance is checked by measurement in  accordance with  7. 4.  

A.4.2  Rationale  beh ind  using  a  l imi ting  value  for the  beam  non-uniformity ratio  (RBN )  

The u l trason ic beam  d istribu tion  produced  by a  therapeu tic treatment  head  i s  non -un i form  by  
nature.  Bes ides  th is  natural  character,  deta i l s  of the  construction  and  operation  of the  treatment  
head  can  produce  reg ions  of very h i gh  l ocal  pressure,  a lso  referred  to  as  "hot  spots" .  These  
can  resu l t i n  excessive  heating  i n  smal l  reg ions  of the  ti ssue  being  treated ,  resu l ting  i n  potentia l  
harmfu l  effects  to  the  patien t.  
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Transducers  of u ltrason ic  physiotherapy equ ipment  are  not  designed  to  provide  h i gh ly  
l ocal ized  ti ssue  treatment.  Consequently,  the  transducers  add ressed  i n  th is  document are  
p lanar.  The  characterization  of focus ing  transducers  capable  of generati ng  h i gh  i n tensi ty  beams  
wh ich  are  be ing  used  i n  therapeutic appl ications  is  the  subject of other documents  (see  
IEC 62555 and  I EC TS  62556).  

Alongside  the  safety aspects  and  the  i ncreased  poss ib i l i ty of thermal  i n j ury,  l ocal ized  peaking  
of the  pressure  d istribution  resu l ti ng  i n  a  "hot  spot"  may a lso  be  cons idered  as  an  adverse  
i nd icator of transducer  q ual i ty.  For these  reasons,  the  therapist  shou ld  have  knowledge  of the  
sound  fi e ld  d istribu tion  i n  order to  apply  therapeutic u ltrasound  j u d iciously.  A measure  of th is  
non-un i formi ty i s  provided  by the  beam  non-uniformity ratio  (RBN ) .  The  RBN  parameter 

represents  the  ratio  of the  h ighest i n tens i ty i n  the  fi e l d  to  the  average  i n tensi ty,  as  i nd icated  on  
the  phys iotherapy device.  

I f,  as  i n  a  p lane  wave,  the  i n tens i ty  i s  derived  from  the  acoustic pressure  a lone,  the  ratio  
between  the  time-average i n tens i ty  d istribu tion  (Ip)  in  a  fi el d  and  average  i n tens i ty  of the  p iston  

source  (I0)  i s  g iven  i n  F igure  A. 1  [2 ] .  Fol l owing  on  from  the  previous  d iscuss ion ,  th is  re lation  

a lso  represents  the  RBN ,  and  i t  fo l lows  that,  on  theoretica l  grounds,  the  maximum  value  wi l l  be  

four.  Even  in  the  correct treatmen t where  the  true  i n tensi ty (I)  i s  g iven  by the  product  of acoustic 
pressure  and  particle  veloci ty,  the  maximum  is  four and  wi l l  be  found  at  one  near-fie ld  l ength  
(sn  =  1  i n  F i gure  A. 1 ).  From  the  d istance  of about one  transducer e lement rad ius ,  (z/a  =  1 ) ,  back 

to  the  e lemen t i tse l f,  the  maximum  ratio  wi l l  d ecrease  typical ly  to  a  va lue  of the  order of two.  

The actual  determination  of the  RBN  may be  performed  us ing  a  hydrophone .  I n  the  fol lowing  i t  

wi l l  be  shown  that a  ca l i brated  hydrophone  i s  not  needed ,  wh ich  wi l l  s impl i fy the  method  of 
determination .  

I n  a  p lane  wave  approximation ,  the  re lation  between  i n tensi ty and  pressure  p  i s  g iven  by 
I =  p2/ρc,  where  ρc  i s  the  characteristic acoustic impedance.  Th is  formu la  cannot s trictly  be  used  
at  d is tances  closer than  one  transducer e lement rad ius  of the  treatment head .  I n  most  cases,  
the  maximum  pressure  i s  found  at  g reater d is tances  than  the  treatment  head  rad ius  and  the  
error in  us ing  the  expression  I =  p2/ρc  resu l ts  in  re lative ly smal l  i naccuracies  as  i l l ustrated  i n  
F igure  A. 1 .  

As  i t  may be  assumed  that the  hydrophone  ou tput vol tage  is  l i nearly  re lated  to  the  received  
acoustic  pressure,  the  formu la  of the  RBN  can  be  s impl i fi ed  as  stated  i n  th is  document as  

fo l l ows.  

The  h ighest i n tensi ty  in  the  beam,  spatial -peak temporal -average ,  Ispta ,  i s  g iven  by:  

 

2
p

spta 2
L

u
I

M ρc
=  (A. 1 )  

 

The quanti ty pmst ,  used  i n  the  main  body of th is  document,  i s  g iven  by:   
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and  i s  known  as  the  total  mean  square  acoustic  pressure .  I t  represents  a  summation  of the  
acqu ired  vol tages  squared  during  the  raster scan .  Using  pmst ,  the  spatial -average  temporal-  

average  i n tensi ty i s  g iven  by:  

 
0 t

sata
ER ER

A pmsP
I

A ρ c A

⋅
= =

⋅ ⋅
  (A. 3)  

 

The express ion  for the  RBN ,  g iven  as  the  ratio  Ispta/Isata ,  may then  be  derived  as:   
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(A. 4)  

 

The denominator i s  re lated  to  an  approximation  of the  total  output  power,  derived  by a  
summation  of the  i n tens i ti es  over the  acoustic beam.  

I n  the  above formu lae,  the  parameters  are  as  fol lows:  

up   i s  the  maximum  value  of u i;  

ui  i s  the  RMS hydrophone  vo l tage  at the  i-th  poin t  of measurement;   

ML   i s  the  end-of-cable  loaded  sensi tivi ty  of the  hydrophone ;   

P   i s  the  acoustic  power;  

pmst   i s  the  total  mean  square  acoustic  pressure ;  

ρ   i s  the  dens i ty  of water;  

c   i s  the  speed  of sound  in  water;  

A0   i s  the  un i t  area  of the  scan  (A0  =  s
2  for a  raster scan  where  s  i s  the  s tep  s ize);  

N  i s  the  tota l  number of measurement poin ts  i n  the  scan ;  

AER   i s  the  effective radiating  area ;  

zj   i s  the  d istance  from  the  treatment  head  to  the  measurement p lane  of in terest.  

F igu re  A. 2  i l l ustrates  a  h i stogram  in  wh ich  the  RBN  va lues  calcu lated  us ing  Formu la  (A. 4)  are  

presented  for 37  d i fferen t treatment heads ,  a long  wi th  the  frequency wi th  wh ich  these  values  
occurred  when  the  va lues  of RBN  are  separated  i n to  bands  of 0 , 5.  Normal ly,  the  RBN  appears  

to  be  in  the  range  three  to  seven ,  bu t some transducers  having  a  RBN  g reater than  e ight  are  

shown  and  these  may be  considered  to  have  a  h igh  RBN .  

The  l im i ting  value  of e igh t has  been  i denti fied  i n  th is  document for the  fo l l owing  reasons.  

– I n  u l trasound  phys iotherapy the  treatment protocol  (ou tput,  duration  and  frequency)  used  
i s  based  on  an  u l trason ic beam  behaving  normal ly,  fol l owing  theoretical  expectations.  
Evaluati ng  the  dose  for a  treatment i s  cu rrently  d i fficu l t  to  defi ne.  Accord ing ly,  a  re laxation  
of the  i deal  RBN  va lue  of four i s  appropriate.  Relaxing  the  theoretical  va lue  of RBN  by  a  factor 

of two  seems  to  be  qu i te  reasonable.  As  can  be  seen  i n  F igure  A. 2,  for normal  behaving  
practical  transducers,  RBN  va lues  l ess  than  e igh t can  read i ly be  atta ined .  
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– Physiotherapists  have  no  curren t requ i rement for a  focusing  transducer.  I f a  transducer i s  
focusing ,  the  RBN  wi l l  eas i ly exceed  the  value  e igh t.  

– From  a  qual i ty  poin t  of view,  taking  the  theory i n to  account,  there  is  no  j usti fication  at  a l l  i n  
having  a  RBN  g reater than  e igh t.  

– I t  can  be  calcu lated  that a  RBN  va lue  of 8, 0  ( l im i ti ng  value)  resu l ts  i n  a  maximum  pressure  

at  the  maximum  a l l owed  output  setti ng  (3  W/cm2)  i n  the  range  of 1  MPa,  a  spatial -peak 
temporal -peak in tensi ty  (Isptp)  of 48  W/cm2  and  a  spatial -peak temporal-average  

in tensi ty  (Ispta)  of 24  W/cm2 .  I t  can  be  expected  that h igher values  cause  unwanted  

b iolog ical  effects .  

 

Key 

X bottom  axi s :  sn  

X  top  axi s :  z/a  

Y  sol i d  l i ne:  I/I  

Y  broken  l i ne:  Ip/Ip

NOTE  I n  [2 ] ,  the  symbol  "s"  i s  used  to  describe  the  normal i zed  d i s tance.  To  avoid  confus ion  wi th  the  raster scan  
step  s i ze  defi n i ti on  used  i n  th i s  document,  the  normal i zed  d i stance  symbol  here  has  been  changed  to  sn .  

Figure A. 1  – Normal ized,  time-averaged  values  of acoustic  in tensi ty (sol id  l ine)  and  of 
one  of i ts  plane-wave approximations  (broken  l ine) ,  existing  on  the  axis  of a  ci rcu lar 
piston  source of ka  =  30 ,  p lotted  against the  normal ized  d istance  sn ,  where  sn  =  λz/a

2   
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Key 

X RBN  

Y  Number of transducers  

NOTE  The  RBN  va l ue  ( i n  bands  of 0 , 5)  has  been  d i spl ayed  against  i ts  frequency of occurrence.  

Figure A.2  – H istogram  of RBN  values  for 37  treatment heads  

of various  d iameters  and  frequencies   
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Annex B  
(normative)  

 
Raster scan  measurement and  analysis  procedures  

B.1  General  

The determination  of the  effective  rad iating  area  of the  treatment  head  for the  purposes  of 
reference  measurements  shal l  be  performed  using  raster scans  at  0 , 3  cm  from  the  face  of the  
treatment  head .  These  procedures  may a lso  be  used  for routi ne  measurements  i n  accordance  
wi th  Clause  8.  

B.2  Requirements  for raster scans  

B.2. 1  Al l  raster scans  shal l  be  square  grids  wi th  the  cen tral  poin t  on  the  beam  al ignment axis  
and  i n  a  p l ane  perpend icu lar to  the  beam  al ignment axis .  The  scan  shal l  not be  a  conti nuous  
motion  bu t  shal l  be  performed  in  d iscrete  s teps  wi th  the  values  of RMS or peak vol tage  
measured  at each  poin t.  

NOTE  Wi th  the  central  poin t  being  on  the  beam  al i gnment axis ,  there  are  necessari l y  an  odd  number of measured  
poin ts  on  each  l i ne.  

B.2.2  The  boundaries  of the  raster scan  shal l  be  large  enough  to  ensure  that  the  s ignal  l evel  
at  any part  ou ts ide  the  scanned  boundary i s  at  l east 26  dB  be low the  peak s i gnal .  However,  for 
treatment heads  having  zN ≤  1 3  cm,  the  l evel  beyond  the  l im i ts  of the  raster scan  shou ld  be  at  

l east 32  dB  be low the  peak s i gnal .  

NOTE  I n i ti a l  measurements  are  usual l y  necessary to  i den ti fy  the  s i ze  of the  raster scan ,  and  care  needs  to  be  taken  
to  ensu re  that  l ocal  d i ffraction  m in ima  do  not  l ead  to  spuri ous ly  smal l  scan  areas.  

B.2.3  The  spacing  between  measurement poin ts  (step  s ize)  shou ld  be  smal l  enough  such  that  
there  are  at least 31  measurements  across  the  fu l l  wid th  of the  raster scan  ( the  raster scan  wi l l  
therefore  consti tu te  a  square  grid  of at  least 31  ×  31  poin ts) .  See  a lso  B. 3. 2 .  

B.2.4  During  the  raster scan ,  the  hydrophone  may be  scanned  to  a  d istance  from  the  centre  
of the  u l trason ic beam  where  no  s ignal  i s  obtained  above the  noise.  To  apply a  correction  to  
the  i n tegra l  of the  square  of the  hydrophone  s ignal  to  account  for the  contribu tion  from  the  
noise,  the  RMS noise  vol tage  un  sha l l  be  subtracted  from  the  measured  s i gnals  i n  the  fo l l owing  

manner.  I f the  hydrophone  s ignal  at each  measurement poin t i s  u i,  then  the  hydrophone  s i gnal  

after correcting  for the  contribu tion  from  noise,  i u
′  i s :  

 2 2 1 /2
n( )i i u u u′ = −  (B . 1 )  

 

The noise  level  sha l l  be  determined ,  as  i n  I EC 621 27-1 ,  by moving  the  hydrophone  to  a  
pos i tion  sufficiently  far from  the  u l trason ic fi e l d  that  no  d i rect acoustic  s i gnal  i s  detected .  I n  
general ,  th is  shal l  be  at a  d is tance  in  the  d i rection  perpend icu lar to  the  beam  al ignment axis  
equal  to  at l east twice  the  d istance  from  the  beam  cen tre  to  the  l im i t used  for the  raster scann ing  
process.   
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B.3  Requirements  for analysis  of raster scan  data 

B.3. 1  General  

The  two-d imensional  array of data  values  obtained  from  the  raster scan  shal l  be  analysed  i n  
the  fol lowing  way.  

B.3.2  Total  mean  square  acoustic  pressure  

The  summation  of the  squares  of the  vol tages  obtained  over the  raster scan  i s  re lated  to  the  
total  mean  square acoustic pressure ,  pmst ,  g iven  by:  

 
22

Lt
=1

  =  
N

i

i

u  Mpms ′∑  (B. 2)  

 

where  

N i s  the  tota l  number of poin ts  i n  the  scan ;  

i u
′   i s  the  noise-corrected  vol tage  (e i ther peak or RMS)  of the  i- th  poin t  in  the  scan ;  

ML  i s  the  end-of-cable  loaded  sensi tivi ty  of the  hydrophone .  

NOTE  The  end-of-cable  l oaded  sensi tivi ty  of the  hydrophone  h as  been  i n troduced  for conven i ence  i n  
Equation  (B . 2 )  to  convert  the  measured  vol tage  to  acousti c  pressure.  However,  due  to  cancel l ati on ,  when  pms t  i s  

i n troduced  i n to  Equati on  (B . 3),  i ts  absolu te  val ue  i s  not  needed .  

B.3.3  Calcu lation  of the  beam  cross-sectional  area,  ABCS  

The  values  i u
′  are  sorted  i n to  a  set in  descend ing  order (ei ther RMS or temporal  peak)  i n  the  

scan .  A second  summation  shal l  be  performed  to  fi nd  the  value  of n  that  satisfies  the  fol lowing  
two  re lationsh ips:  

 
2

t2
=1L

1
 0,75
n

i

i

 u    pms
 M

′ ≤∑  (B . 3)  

 
1

2
t2

=1L

1
 0,75
n

i

i

 u    pms
 M

+
′ >∑   

 

The value  of ABCS  i s  then  g iven  by A0  ·  n ,  where  A0  i s  the  un i t  area  of the  raster scan  (A0  =  s
2  

where  s  i s  the  d istance  between  success ive  poin ts  i n  the  scan ,  i . e .  the  step  s i ze).  Th is  procedure  
provides  a  va lue  for the  beam  cross-sectional  area  i n  the  measurement p lane  of i n terest.  

For re l iable  determination  of ABCS ,  the  number of poin ts ,  n ,  i ncluded  i n  the  determ ination  of 

ABCS ,  shou ld  be  at  l east 1 00.  
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Annex C  
(normative)  

 
Diametrical  or l ine  scan  measurement and  analysis  procedures  

C.1  General  

The determ ination  of the  beam  cross-sectional  area  a t  a  speci fi ed  d is tance  from  the  treatment  
head  for the  purposes  of rou tine  measurements  in  accordance  wi th  Clause  8  may be  performed  
us ing  d iametrical  or l i ne  scans.  The  term  l i ne  scan  i s  used  wi th in  Annex C.  I f l i ne  scans  are  
used ,  then  the  procedures  and  analys is  methods  speci fied  i n  C lauses  C.2  and  C. 3  shal l  be  
used .  

C.2  Requirements  for l ine  scans  

C.2. 1  The  cen tral  or common  poin t  of the  four l i ne  scans  shal l  l i e  on  the  beam  al ignment  
axis .  The  re lative  ang le  of the  scans  shal l  be  45°  and  the  four l i ne  scans  shal l  d ivide  the  p lane  
perpend icu lar to  the  beam  al ignment axis  i n to  e igh t equal  areas.  

C.2.2  The  scan  shal l  not be  a  conti nuous  motion  bu t shal l  consist of a  series  of d iscrete  s teps  
perpend icu lar to  the  beam  al ignment axis  wi th  the  RMS or peak vol tage  generated  by the  
hydrophone  be ing  measured  at each  pos i ti on .  

C.2.3  The  boundaries  of each  fu l l - l ine  scan  shal l  be  sufficien tly  l arge  such  that the  
hydrophone  s i gnal  l evel  at  the  edge  of the  l i ne  scan ,  re lative  to  the  peak l evel  obtained ,  shal l  
be  at  l east  32  dB  below the  peak l evel .  

C.2.4  The  step  s ize  used  during  the  l i ne  scan  shal l  be  su fficien tly smal l  such  that the  l ine  scan  
consists  of at  l east 50  poin ts .  

NOTE  Each  of the  fou r l i ne  scans  can  be  of d i fferen t step  s i ze.  Here,  for ease  of analys i s ,  they are  assumed  to  be  
i denti ca l .  

C.2.5  The  noise  l evel  shal l  be  determ ined ,  and  measurements  corrected  for the  i n fl uence  of 
noise  i n  accordance  wi th  B. 2 . 4 .  

C.2.6  For s impl ici ty,  i t  i s  assumed  that the  four l i ne  scans  are  of i den tical  s i ze,  each  con tain ing  
N1  measurements.  Th is  wi l l  be  true  for analys is  of raster scan  data  bu t not general ly  true  for 

l i ne  scan  measurements.  

C.3  Analysis  of scans  

C.3. 1  The  i nd ividual  l i ne  scans  wi l l  be  analysed  i n  the  fol lowing  way.  

NOTE  I n  the  steps  described  i n  Clause  C. 3,  the  symbols  [A]  and  [B ]  refer to  data  arrays  and  are  not  references  to  
publ i cations  i n  the  b i b l i og raphy.  

C.3.2  The  four l ine  scans  shal l  be  further sub-d ivided  i n to  a  pai r of rad ia l  scans  (hal f- l i ne  
scans) .  Each  of these  ha l f- l ine  scans  cons ists  of one-d imensional  arrays,  [A] ,  of data  poin ts  
sharing  a  common  poin t on  the  beam  al ignment  axis  and  having  (N1  −  1 ) /2  other poin ts.  

C.3.3  To  calcu late  the  beam  cross-sectional  area  for each  of the  hal f- l i ne  scans,  the  one-  
d imensional  sampl ing  of the  acoustic  beam  profi l e  i s  transformed  in to  a  two-d imensional  
description  of the  beam  assuming  cyl i ndrical  symmetry.  
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C.3.4  For the  measurement poin t wh ich  l i es  on  the  beam  al ignment axis  (des ignated  the  j  =  0  
poin t)  the  contribu tion  to  such  an  area  wi l l  be  A0 ,  g iven  i n  centimetres  squared ,  by:  

 π
2

0 4

s
A

⋅
=   (C. 1 )  

 

where  s  i s  the  step  s ize  ( for d iagonal  rad ia l  scans  derived  from  raster scan  measurements  the  
step  s ize  wi l l  be  s√2) .  

C.3.5  For a l l  of the  other e lements  of the  hal f- l i ne  scan ,  from  j  =  1  to  (N1  −  1 )/2 ,  the  con tribu tion  

to  the  scan  area  wi l l  be  annu l i  of th ickness  s .  For the  j- th  measurement the  correspond ing  
annu lus  area,  A j,  wi l l  be  g iven  by the  express ion :  

 π

2 2
2 1 1

2 2jA s j j
     = ⋅ + − −   
     

   

 π
22jA j s= ⋅ ⋅  (C. 2)  

 

C.3.6  To  calcu late  the  beam  cross-sectional  area ,  the  area  of each  of the  annu l i  from  j  =  1  
to  (N1  −  1 ) /2  shal l  be  broken  down  i n to  mu l tip les  of the  smal l est un i t  area  A0 .  By  d ivi d ing  A j  

g iven  i n  Equation  (C. 2)  by A0  g iven  in  Equation  (C. 1 ),  i t  may be  seen  that the  j-th  annu lus  is  

comprised  of n j  un i ts  of the  smal l er area,  such  that:  

 n j  =  8j  (C. 3)  

 

C.3.7  Us ing  th is  expression ,  the  ori g inal  one-d imensional  array representing  the  l i ne  scan  
shal l  be  transformed  i n to  a  new one-d imensional  array [B ] ,  the  e lemen ts  of wh ich  are  shown  i n  
Table  C. 1 .  
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Table  C. 1  – Consti tution  of the  transformed  array [B]  used  
for the  analysis  of hal f-l ine  scans   

Measurement poin t  
Vol tage squared  

u
j
2  

Number of elements  i n   
array [B]  of value  u

j
2  

j  =  0  (poin t  on  beam  al ignment axis )  u0
2  1  

j  =  1  (fi rst  poin t  off-axis)  u1
2  8  

j  =  2  (second  po in t  off-axis)  u2
2  1 6  

•  •  •  

•  •  •  

•  •  •  

j  =  (N1  −  1 )/2  ( l ast  poin t  i n  scan)  ( )1

2
1 /2N

u −   4 (N1  −  1 )  

NOTE  The  j-th  (j  >  0)  poin t  i n  the  hal f- l i ne  scan  array [A]  i s  represented  i n  the  new array by 8 j  e l ements  of the  
ori g i na l  vol tage-squared  val ues.  The  new array wi l l  con tai n  N1

2  e l ements.  

 

C.3.8  I n  a  s im i l ar manner to  the  analys is  undertaken  using  the  raster scan  data  i n  B . 2 .4 ,  the  
RMS  noise  l evel  un  shal l  be  subtracted  from  each  l i ne-scan  data  poin t,  to  accoun t for the  

con tribu tion  of noise.  I f the  hydrophone  s ignal  a t each  poin t i n  the  l ine  scan  is  u j,  then  the  

hydrophone  s i gnal  after correcti ng  for the  con tribution  from  noise,  j u ′  i s :  

 ( )1 22 2
nj ju u u′ = −  (C. 4)  

 

C.3.9  To  evaluate  the  beam  cross-sectional  area  the  total  mean  square  acoustic  pressure ,  
pmst ,  of the  hal f- l ine  scan  is  requ ired .  Th is  i s  g iven  by:  

 

1 1
( )

2
2 2

0t 2 2
=1L L

1 1
 =    +    8

N

j

j

u  j upms

M M

−

′ ′∑  (C. 5)  

 

C.3. 1 0  The  new array [B]  i s  sorted  in to  descend ing  order and  a  second  summation  performed  
as  described  i n  Equations  (B . 3),  l ead ing  to  the  determination  of the  value  of n .  

NOTE  Performi ng  the  sorti ng  process  on  the  ori g i nal  n  va l ues  wi l l  l ead  to  the  same  resu l t  i f the  correct  weigh ti ng  i s  
appl i ed  du ri ng  the  summati on  process.  

C.3. 1 1  The  beam  cross-sectional  area ,  ABCS ,  of the  hal f- l i ne  scan  i s  g iven  by 
π

2

BCS 4

n s
A

⋅ ⋅
= ,  

where  s  i s  the  s tep  s ize.  

C.3. 1 2  The  analys is  sha l l  be  completed  for a l l  e igh t ha l f- l i ne  scans  and  the  resu l ts  averaged  
to  determine  the  mean  value  a long  wi th  the  standard  deviation .  
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