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FIBRE OPTIC I NTERCONNECTING   

DEVICES AND PASSIVE COMPONENTS –  
 

Part  08:  Stud y of optical  power bl ocki n g  measuremen t  
meth ods for adaptors wi th  an  opti cal  power bl ockin g  sh utter 

 
FOREWORD 

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

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  com m i ttee  has  representat i on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

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

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

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependent  cert i f i cat i on  bod ies  provi de  con form i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC m arks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

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

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servants  o r  ag en ts  i ncl u d i ng  i n d i vi dual  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for  any personal  i n j u ry,  property  dam age  or  
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

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

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  som e of  the  e l em ents  of  th i s  I EC  Publ i cati on  m ay be  the  su bject  o f  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

The  m ain  task of  I EC  techn ical  com m i ttees  i s  to  prepare  I n ternational  Standards.  H owever,  a  
techn ical  comm i ttee  m ay propose  the  publ icati on  of  a  techn ical  report  when  i t  has  col lected  
data of  a  d i fferent  ki nd  from  that  wh ich  i s  norm al l y publ ished  as  an  I n ternati onal  Standard,  for  
exam ple  "state  of  the  art" .  

I EC TR  62627-08,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by subcom m i ttee  86B:  
Fibre  optic  i n terconnecting  devices  and  pass ive  com ponents ,  of  I EC  techn ical  com m i ttee  86:  
Fibre  optics.  
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The  text  of  th is  Techn ical  Report  i s  based  on  the  fo l l owing  docum ents:  

Enqu i ry d raft  Report  on  vot i ng  

86B/3931 /DTR  86B/3945/RVC  

 

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

Th is  publ icati on  has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves,  Part  2.  

A l i s t  of  al l  parts  i n  the  I EC 62627 seri es,  publ i shed  under the  general  t i t le  Fibre optic 
interconnecting devices and passive components,  can  be  found  on  the  IEC  webs i te .  

The  comm ittee  has  decided  that  the  con ten ts  of  th is  publ icati on  wi l l  rem ain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  IEC  webs i te  under "h ttp: //webstore. i ec. ch "  i n  the  data 
re lated  to  the  speci fi c  publ ication .  At  th is  date,  the  publ icati on  wi l l  be   

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

 

A b i l i ngual  vers ion  of  th is  publ ication  m ay be  i ssued  at  a  l ater date.  

 

I M PORTANT – Th e  'col ou r i n si d e'  l og o  on  th e cover pag e  of  th i s  pu bl i cati on  i n d i cates  
th at  i t  con tai n s col ou rs wh i ch  are con si d ered  to  be u sefu l  for th e  correct  
u n d erstan d i n g  of  i ts  con ten ts.  U sers  sh ou l d  th erefore pri n t  th i s  d ocu m en t  u si n g  a  
col ou r pri n ter.  
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INTRODUCTION  

I n  recen t  years,  optical  comm unicati on  networks  have  m ade  g reater  u se  of  opt ical  f i bre  
am pl i f i ers  and  d istribu ted  Ram an  am pl i f iers .  Optical  comm un ication  equ ipm ent  usual l y has  an  
adaptor  on  the  fron t  of  the  board  as  an  opti cal  i npu t/ou tpu t  term inal .  These  adaptors  
som etim es  em i t  1 00  m W or h i gher  optical  power.  For  the  purpose  of  b locking  such  optical  
power,  an  adaptor  wi th  an  optical  power b locking  shu tter  i s  som etim es  used.  

Th is  Techn ical  Report  detai l s  the  proposed  m ethods  to  evaluate  the  effi cacy of  these  adaptor 
shu tters .  

Th is  Techn ical  Report  i s  based  on  Optoelectron ic  I ndustry and  Technolog y Developm ent  
Associati on  (OITDA)  – Techn ical  Paper  (TP) ,  TP1 9/CN-201 4,  Investigation of examinations 
and measurements – Light-blocking performance of optical adaptor with shutter.  
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FIBRE OPTIC I NTERCONNECTING   
DEVICES AND PASSIVE COMPONENTS –  

 
Part  08:  Stud y of optical  power bl ocki n g  measuremen t  

meth ods for adaptors wi th  an  opti cal  power bl ockin g  sh utter 
 
 
 

1  Scope 

This  part  of  I EC 62627,  wh ich  i s  a  Techn ical  Report,  describes  two  m ethods  used  to  m easu re  
the  blocking  characteristi cs  of  adaptors  wi th  an  optical  power blocking  shu tter.  Th is  docum ent  
focuses  on  s ing lem ode  f i bre  (SMF)  and  two  waveleng ths ,  1  3 1 0  nm  and  1  550  nm .  

2 Normati ve referen ces  

The fo l l owing  docum ents,  i n  whole  or  i n  part,  are  norm ati vel y referenced  i n  th is  docum en t and  
are  i nd ispensable  for  i ts  appl ication .  For dated  references,  on l y the  ed i t i on  c i ted  appl i es .  For 
undated  references,  the  l atest  ed i t i on  of  the  referenced  docum ent  ( i nclud ing  an y 
am endm ents)  appl i es .  

Void .  

3 Terms an d  defi n i ti ons  

For the  purposes  of  th is  docum ent,  the  fo l l owing  term s  and  defi n i t i ons  apply.  

3. 1   
ad aptor wi th  an  opti cal  power bl ocki n g  sh u tter  
adaptor  defi ned  i n  I EC  61 274-1  that  has  a shu tter  to  b lock optical  power em i tted  from  i ts  
aperture  

Note  1  to  en try:  An  adaptor wi th  a  shu tter m ay have  a  s tructu re  such  that  the  shu tter au tom ati cal l y  m oves  to  bl ock 
the  apertu re  when  the  ou ter p l ug  i s  rem oved .  There  are  two  comm ercial l y  avai l abl e  types  o f  opt i cal  adaptors  wi th  
shu tters :  one  type  bl ocks  opti cal  power and  the  other  type  bl ocks  dust  i ng ress .  Products  that  focus  on  opti cal  
power bl ocking  m ay have  a  m etal  shu tter.   

3. 2   
opti cal  power bl ocki n g  
attenuation  ab  calcu lated  by m easuring  the  m axim um  em i tted  optical  power when  the  shu tter  
i s  fu l l y open  (or  the  shu tter  i s  rem oved)  (P0m ax)  and  the  m axim um  em i tted  optical  power when  
the  shu tter  i s  c l osed  (P1 m ax)  

 ( )dBlog 1 0
0max

1 max
1 0b 








−=

P

P
a  ( 1 )  

4 Backg rou nd  to  the m easurement  method  of  bl ocki ng  characteri sti cs for 
adaptors wi th  an  opti cal  power bl ocki ng  shutter  

4. 1  Laser safety req u i rem en t  for opti cal  fi bre  com m u n i cati on  system s 

The  safety of  l aser  products  are  defi ned  i n  I EC  60825-1  wh ich  prescribes  the  acceptable  
optical  power as  the  l aser safety c lass.  I EC  60825-2,  a  subd ivis i on  s tandard ,  provides  the  
safety standards  for  opti cal  f i bre  comm unicati on  system s.  Optical  com m un ication  equ ipm ent  
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m anufacturers  som etim es  use  an  adaptor wi th  an  optical  power blocking  shu tter  to  com pl y 
wi th  these  laser  safety standards.  

4. 2  Req u i red  perform an ce of  th e power bl ocki n g  sh u tter  

IEC  60825-2,  hazard  l evel  3B,  l im i ts  opti cal  power at  1  550  nm  to  500  m W.  However,  hazard  
l evel  1 ,  the  optical  power  al l owed  to  be  seen  by the  naked  eye  or  wi th  a  m agn i fying  scope,  i s  
l im i ted  to  1 0 ,2  mW.  I f  equ ipm en t m anufacturers  ensure  l aser safety on l y by u s i ng  an  adaptor  
wi th  an  optical  power b locking  shu tter,  the  requ i red  level  of  optical  power blocking  for the  
shu tter  i s  1 7  dB,  i . e .  the  rat io  of  500  mW  to  1 0 , 2  m W.  

4. 3  Stan d ard  m easu rem en t  con d i ti on s u sed  to  d eterm i n e l aser safety for  opti cal  f i bre  
com m u n i cati on  system s 

IEC  60825-2  defi nes  the  m easurem ent  cond i t i ons  used  to  determ ine  the  hazard  l evel  of  
optical  f i bre  com m unicati on  system s.  For  waveleng ths  g reater  than  1  400  nm ,  an  aperture  
d iam eter of  7  m m  is  used  at  a  m easurem ent  d istance  of  28  mm  from  the  rad iat i ng  end  of  the  
optical  f i bre .  For  waveleng ths  less  than  or equal  to  1  400  nm ,  the  apertu re  d iam eter  i s  also  
7  m m ,  bu t  the  m easurem ent  d istance  i s  70  m m  from  the  rad iati ng  end  of  the  optical  f i bre.  

5 Measurement  method s used  i n  th i s  Techni cal  Report   

5. 1  Backg rou n d  

The fo l l owing  two  m ethods  have  been  stud ied.  

Method  1 :  m easuri ng  wi th  an  aperture  d iam eter of  7  m m ,  an  i n tegrati ng  sphere  and  an  optical  
detector.  

Method  2:  m easuring  wi th  an  optical  detector  on ly,  having  an  aperture  d iam eter  of  l ess  than  
7  m m .  

I n  th is  Techn ical  Report  on l y the  1  31 0  nm  and  1  550  nm  waveleng ths  have  been  focused  
upon  as  these  are  the  ones  m ost  com m onl y used  for optical  f i bre  comm un ication  system s.  

5. 2  Test  

5. 2. 1  M easu rem en t  set-u p  

The m easurem ent  set-up  for Method  1  and  Method  2  i s  as  fo l lows.  

a)  Method  1  

Fi gu re  1  shows  an  exam ple  of  m easurem en t  set-up  for  Method  1 .  Li gh t  em i tted  from  an  
adaptor wi th  an  optical  power b locking  shu tter  arri ves  at  the  apertu re  plate ,  d i am eter d,  i n  
front  of  the  i n tegrati ng  sphere,  and  passes  th rough  i n to  the  i n tegrati ng  sphere.  D istance,  l,  
and  aperture  d iam eter,  d,  are  as  fo l l ows:  

– d i stance,  l:  70  m m  (at  the  waveleng th  of  1  31 0  nm ) ;  

28  mm  (at  the  wavelength  of  1  550  nm ) ;  

– aperture  d iam eter,  d:  7m m .  
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Fi g u re 1  – Exam pl e of  m easu rem en t  set-u p  for  M eth od  1  

b)  Method  2  

Fi gu re  2  shows  an  example  of  the  m easurem ent  set-up for Method  2.  Ligh t  em i tted  from  
the  adaptor wi th  an  opti cal  power b locking  shu tter  arri ves  at  the  apertu re  plate  attached  
d i rectl y to  the  optical  detector.  The  s i ze  of  the  aperture  d iam eter i s  d i fferen t  for  each  of  
the  two  chosen  waveleng ths ,  and  i n  each  case  i s  calcu lated  i n  order  to  m ain tain  the  sam e 
rat io  of  d i s tance  l  to  the  aperture  d iam eter  d as  i s  used  i n  Method  1 .  

 

Fi g u re 2  – Exam pl e of  m easu rem en t  set-u p  for  M eth od  2  

5. 2. 2  Stu d y of  d yn am i c ran g e 

The  optical  power  of  the  l i gh t  source,  the  sens i t i vi ty of  the  optical  detector  and  an y 
background  no ise  shou ld  al l  be  taken  i n to  accoun t  to  ach ieve  an  adequate  dynam ic range  for 
the  m easurem en t of  opti cal  power b locking  g reater  than  1 7  dB  wi th  a  sm al l  m easurem ent  
uncertai n ty.  A dynam ic  range  g reater than  30  dB  i s  therefore  recomm ended.   

5. 2. 3  Li g h t  sou rce an d  opti cal  d etector  

I n  the  case  of  Method  1 ,  a  typical  i n tegrati ng  sphere  has  an  attenuati on  of  approxim ate l y 
40  dB.  Therefore,  i t  i s  recomm ended  that  the  sensi t i vi ty of  the  optical  detector used  together  
wi th  the  in tegrati ng  sphere  i s  −80  dBm  or better,  and  the  optical  ou tpu t  from  the  l i gh t  source  
is  −1 0  dBm  or m ore  i n  order  to  ach ieve  the  suggested  dynam ic  range  of  30  dB  m in im um .  

IEC  
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I n  the  case  of  Method  2 ,  as  attenuati on  by the  aperture  plate  i s  a  few decibe ls ,  i t  i s  
recom m ended  that  the  sens i t i vi ty of  the  optical  detector  i s  −50  dBm  or better,  and  the  optical  
ou tpu t  from  the  l i gh t  sou rce  i s  −1 0  dBm  or  m ore  to  ach ieve  the  suggested  dynam ic  range  of  
30  dB  m in im um .  

An  FP-LD  l i gh t  source  i s  cons idered  to  be  a  better  choice  than  an  LED  wh ich  com m onl y has  a  
l ower optical  power,  and  therefore  m ay not  yi e l d  a su ff i ci entl y l arge  overal l  system  dynam ic  
range.  

5. 2. 4  M easu rem en t  en vi ron m en t  

I n  order  to  reduce  the  l evels  of  an y background  optical  power,  i t  i s  recomm ended  that  the  
m easurem ents  are  m ade  i n  a  dark envi ronm ent.  A space  separated  by sh ield i ng  curtai ns  m ay 
also  be  used  i n  order  to  im prove  the  system  dynam ic range.    

5. 3  M easu rem en t  of  th e  m axi m u m  em i tted  opti cal  power 

When  the  shu tter i s  open  (or the  shu tter i s  rem oved) ,  the  m axim um  em i tted  power i s  l ocated  
approxim atel y on  the  optical  axis  ( recorded  as  P0m ax) .  However,  when  the  shu tter i s  cl osed  
the  po in t  of  m axim um  em i tted  power  i s  u n l ikel y to  be  on  the  optical  axis  bu t  i n  a  peripheral  
area as  dem onstrated  i n  Annex A.  I t  i s  therefore  necessary to  ad just  the  pos i t i on  of  the  
adaptor  i n  the  x  and  y d i recti ons ,  wh i lst  m ain tain i ng  d im ens ion  l,  to  f i nd  the  po in t  at  wh ich  the  
em i tted  optical  power i s  at  i ts  m axim um .  The  opti cal  power can  then  be  recorded  (P1 m ax) .  

5. 4  M easu ri n g  system  d yn am i c  ran g e 

The dynam ic  ranges  for  both  Method  1  and  Method  2  are  m easured  us i ng  the  s ix  steps  a)  to  f)  
be low.   

a)  Fix  the  adaptor wi th  the  optical  power blocking  shu tter i n  the  open  pos i t i on ,  or  rem oved  
pos i t ion .  

b)  Confi gure  the  m easurem ent set-up  as  described  i n  5. 2 . 1  having  regard  to  the  variables  
associated  wi th  the  wavelength  being  m easured,  and  the  connector  seri es  i n  Method  2 .  

c)  Measure  the  m axim um  em i tted  optical  power from  the  adaptor P0m ax.  

d )  Turn  off  the  l i g h t  source.  

e)  The  value  m easured  by the  optical  power m eter i s  Poff
0m ax.  I f  the  m easured  value  i s  not  

stable  i t  m ay be  necessary to  use  the  averag ing  function  of  the  optical  power  m eter.   

f )  Calcu late  the  dynam ic  range  DR  (dB)  us i ng  Form u la (2)  be low.  

 ( )dBlog 1 0
0max

0max
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g )  Confi rm  the  dynam ic  range  DR  i s  l arge  enough  for the  requ i red  optical  power b locking  
l eve l  to  be  m easured .  

5. 5  M easu ri n g  th e  l evel  of  opti cal  power bl ocki n g  

The l evels  of  opt ical  power blocking  for both  Method  1  and  Method  2  are  m easured  us i ng  the  
s ix  s teps  a)  to  f)  be low.  

a)  Fix  the  adaptor  wi th  optical  power  blocking  shu tter  i n  the  open  posi t i on ,  or  rem oved  
pos i t ion .  

b)  Confi gu re  the  m easurem ent  set-up  described  i n  5 . 2 . 1  having  regard  to  the  variables  
associated  wi th  the  wavelength  being  m easured ,  and  the  connector  series  i n  Method  2 .  

c)  Measure  the  m axim um  optical  power from  the  adaptor,  P0m ax.  

d )  C lose  the  shu tter or  replace  and  close  the  shu tter  i f  i t  was  rem oved  i n  step  a)  above.  
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e)  Ad just  the  pos i t ion  of  the  adaptor i n  the  x  and  y d i recti ons,  wh i l s t  m ain tai n ing  d im ension  l,  
to  f i nd  the  po in t  at  wh ich  the  em i tted  optical  power i s  at  i ts  m axim um .  The  optical  power  
can  then  be  recorded  (P1 m ax) .  I f  the  m easured  value  i s  not  stable  i t  m ay be  necessary to  
use  the  averag ing  functi on  of  the  optical  power m eter.  

f)  Calcu late  the  optical  power blocking  l evel  ab  (dB)  us ing  Form u la  ( 1 ) .  

6 Demon strati on  of  measurement  

6. 1  Com m on  m easu rem en t  con d i ti on s  

For the  pu rpose  of  ensuring  the  val i d i ty of  two  m easurem ent  m ethods  proposed  i n  5 . 1 ,  
m u l t iple  m easurem ents  were  conducted .   

The  m easurem ent  cond i t i ons  that  are  com m on  to  both  Methods  1  and  2  are  shown  i n  Table  1 .  

Tabl e  1  – Com m on  m easu rem en t  con d i t i on s  

I tem  Cond i t i ons  

Waveleng ths  of  l i gh t  sou rce  – 1  31 0  nm  

– 1  550  nm  

Type  of  opti cal  f i bre  I EC  60793-2-50,  B1 . 1  

Types  of  adaptor wi th  an  opt i cal  power bl ocking  shu tter  – Type  SC  ( I EC  61 754-4 )  

– Type  LC  ( I EC  61 754-20)  

End-face  of  opt i cal  connector p l ug  – Non -ang l ed  PC end -face  

– 8  degree-ang led  PC  end-face  

 

6. 2  M easu rem en t  set-u p  

6. 2. 1  M eth od  1  

Detai ls  of  the  apparatus  used  i n  Method  1  are  shown  i n  Table  2 ,  and  photographs  showing  
the  m easurem ent  set-up are  shown  i n  F igu re  3 .   

D is tance  l  and  aperture  d iam eter  d are  i n  accordance  wi th  those  shown  i n  5. 2. 1  a) :  

•  d i stance,  l:  70  m m  (wavelength  of  1  31 0  nm ) ;  

28  mm  (waveleng th  of  1  550  nm ) ;  

•  aperture  d iam eter,  d:  7  mm .  
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Tabl e  2  – Detai l s  of  apparatu s  u sed  for  M eth od  1  

Apparatu s  Detai l s  

Ligh t  sou rce  Anri tsu  Corporati on  

– MG9002A Stabi l i zed  Li gh t  Sou rce  (Fram e)  

– MG0937C LD  Sou rce  1 , 31  µm  SM  (Un i t)  

 Li gh t  source:  FP-LD  

 Waveleng th :  1  31 0  nm  ± 20  nm  a  

 Opt i cal  ou tpu t  power l evel :  from  -4  dBm  to  -2, 5  dBm  a  

– MG0938C LD  Sou rce  1 , 55  µm  SM  (Un i t)  

 Li gh t  sou rce:  FP-LD  

 Waveleng th :  1  550  nm  ± 20  nm  a  

 Opt i cal  ou tpu t  power l evel : from  -4  dBm  to  -2  dBm  a  

Apertu re  plate  Th i ckness:  1  mm  

Apertu re  d i am eter d:  7  m m  

I n teg rat i ng  sphere  Ag i l en t  Techno log ies  

– 81 002FF I n teg rat i ng  Sphere  

 Apertu re  s i ze:  9  m m  a  

 Attenuati on :  from  41  dB  to  42  dB  a  

Opt i cal  power m eter 
and  opt i cal  detector  

Hewlett-Packard  

– 81 53A Li g h twave  Mu l t im eter (Frame)  

– 81 533B  Opti cal  Head  I n terface  (Un i t )  

– 82521 B  Opti cal  Head  (Opti cal  detector)  

 Opt i cal  detector:G e-PD,  5  mm  a  

 Waveleng th  range:  f rom  900  nm  to  1  700  nm  a  

 Power rang e:  from  -80  dBm  to  +3  dBm  a  

a  Th i s  i n form ati on  i s  g i ven  for  the  conven ience  of  users  of  th i s  docum ent  and  does  not  const i tu te  an  
endorsem ent  by I EC.  Equ i val en t  products  m ay be  used  i f  they can  be  shown  to  l ead  to  the  sam e  resu l ts .  
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a)  M easu red  wavel en g th :   
1  31 0  n m  

b)  M easu red  wavel en g th :   
1 550  n m  

c)  Apertu re pl ate  

Fi g u re 3  – M easu rem en t  set-u p,  M eth od  1  

6. 2. 2  M eth od  2  

Detai ls  of  the  m easurem ent  set-up  for  Method  2  are  shown  i n  Table  3 ,  and  a  photograph  of  
the  m easurem en t set-up i s  shown  i n  Fi gu re  4.   

D is tance  l  i s  the  total  of  the  d istance  from  the  optical  reference  plane  of  the  adaptor to  the  
end  face  pl us  the  th ickness  of  the  aperture  plate ,  as  shown  below:  

•  Type  SC  adaptor:  1 4, 7  m m  

•  Type  LC  adaptor:  1 5 ,6  m m  

Apertu re  d iam eter d  i s  calcu lated  as  fo l l ows.  

•  Waveleng th  of  1  3 1 0  nm  

Type  SC:  7  (mm )  / 70  (m m )  ×  1 4 , 7  (m m )  =  1 , 47  (mm )  

Type  LC:  7  (mm )  / 70  (mm )  ×  1 5 , 6  (m m )  =  1 , 56  (mm )  

•  Waveleng th  of  1  550  nm  

Type  SC:  7  (mm )  / 28  (m m )  ×  1 4, 7  (m m )  =  3 , 675  (mm )  

Type  LC:  7  (mm )  / 28  (mm )  ×  1 5 , 6  (m m )  =  3 , 9  (m m )   

Aperture  d iam eters  used  are  as  fo l l ows.  

•  Waveleng th  of  1  31 0  nm  

Type  SC:  1 , 5  (mm )  

IEC  

Apertu re  pl ate  

Ad aptor  wi th   
opti cal  power  

bl ocki n g  sh u tter  

I n teg rati n g  

sph ere  

Opti cal  

d etector  

l 
=

 7
0

 m
m

 

IEC  

l  =  28  m m  

IEC  

d  =  7  m m  
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Type  LC:  1 , 5  (mm )  

•  Waveleng th  of  1  550  nm  

Type  SC:  3 , 7  (mm )  

Type  LC:  3 , 9  (mm )   

Tabl e  3  – Detai l s  of  apparatu s  u sed  for  M eth od  2  

Apparatu s  Detai l s  

Ligh t  sou rce  Ando  E lectri c  Co. ,  Ltd .  

– AQ21 40  Opti cal  Mu l t im eter (Opti cal  m u l t im eter fram e)  

– AQ421 3  1 , 31／ 1 , 55  LD  Un i t  (Li gh t  sou rce  un i t )  

 Li gh t  sou rce:  FP-LD  

 Mai n  waveleng th :  1  31 0  nm  ± 20  nm  a  

 1  550  nm  ± 20  nm  a  

 Opti cal  ou tpu t  power l evel :  - 1  dBm  or m ore  a  

Apertu re  plate  Th i ckness:  1  mm  

Apertu re  d i am eter:  1 , 5  mm  (wavel eng th  of  1  3 1 0  nm )  

 3 , 7  mm  (waveleng th  of  1  550  nm )  

 3 , 9  mm  (waveleng th  of  1  550  nm )  

Opti cal  power m eter and  opti cal  detector  Ando  E lectri c  Co. ,  Ltd .  

– AQ21 40  Opti cal  Mu l t im eter (Opti cal  m u l t im eter fram e)  

– AQ2730  OPM  I n terface  Um i t  (Un i t)  

– AQ2742  Power Sensor (Opti cal  detector)   

 Opt i cal  detector:  Ge-PD,  5  mm  a  

 Waveleng th  range:  f rom  750  nm  to  1  800  nm  a  

 Power rang e:  from  -60  dBm  to  +1 0  dBm  a  

a  Th i s  i n form ati on  i s  g i ven  for  the  conven ience  of  users  of  th i s  docum ent  and  does  not  const i tu te  an  
endorsem ent  by I EC.  Equ i val en t  products  m ay be  used  i f  they can  be  shown  to  l ead  to  the  sam e  resu l ts .  

 

 

Fi g u re 4  – M easu rem en t  set-u p,  M eth od  2  

6. 3  Dyn am i c ran g e  

6. 3. 1  M eth od  1  

The dynam ic range  obtained  i n  the  m easurem ent  set-up  of  Method  1  was  from  38  dB  to  40  dB,  
wh ich  was  cons idered  to  be  a su ffi ci ent  dynam ic  range.  
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opti cal  power 

bl ocki n g  sh u tter  
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6. 3. 2  M eth od  2  

The dynam ic  range  obtained  i n  the  m easurem en t  set-up of  Method  2  was  m ore  than  50  dB,  
wh ich  was  also  cons idered  to  be  a  su ff i ci en t  d ynam ic range.  

6. 3. 3  Sam pl es  m easu red  

Adaptors  wi th  an  optical  power blocking  shu tter  used  for the  m easurem ents  were  of  two  
types:  Type  SC  adaptors  and  Type  LC  adaptors,  both  of  wh ich  are  wi de l y adopted  i n  the  
m arket.  Sam ples  ( i )  to  (v)  shown  below were  used .  Al l  of  these  sam ples  are  m ade  by 
Japanese  optical  connector m anufacturers  and  are  widel y avai lable.   

•  Type-SC  s im plex  adaptor  ( I EC  61 754-4)  

Sam ple  ( i ) :  Leaf  spring  type  m etal l i c  p late  shu tter.   

Sam ple  ( i i ) :  Shu tter where  the  m etal l i c  p late  rotates  abou t  a  h i nge.   

•  Type  LC  duplex  adaptor ( IEC  61 754-20)   

Sam ple  ( i i i ) :  Leaf  spring  type  m etal l i c  p late  shu tter.  

Sam ple  ( i v) :  Leaf  spring  type  m etal l i c  p late  shu tter.  

Sam ple  (v) :  Leaf  spri ng  type  m etal l i c  p late.  

Photographs  of  adaptors  wi th  an  optical  power  b locking  shu tter  are  shown  be low i n  Table  4.  

Tabl e  4  – Ad aptors  wi th  an  opti cal  power bl ocki n g  sh u tter  

Type SC si m pl ex ad aptor  Type LC d u pl ex ad apto r  

Sam pl e  ( i )  Sam pl e  ( i i )  Sam pl e ( i i i )  Sam pl e  (vi )  Sam pl e (v)  

     

 

6. 4  M easu rem en t  resu l ts  

Annex B  contains  four  tables  showing  the  resu l ts  obtained  us i ng  SC  and  LC  adaptors  wi th  
power blocking  shu tters .  For each  m easurem ent com bination ,  as  shown  in  Table  1 ,  f i ve  power 
blocking  resu l ts  are  g i ven .  These  al lowed  averages  and  standard  deviati ons  to  be  cal cu lated .   

Fi gu res  5  to  8  show the  m easurem en t resu l ts  of  the  average  of  opt ical  power blocking  i n  
Method  1  and  Method  2,  and  the  com parison  of  s tandard  deviati ons  of  repeated  
m easurem ents .   

The  summ ary of  the  m easurem ent  resu l ts  are  as  fo l l ows.  

•  Optical  power blocking  m easured  in  Methods  1  and  2  show the  sam e trend  i n  each  sam ple.   

•  The  m easured  values  in  Method  1  are  from  25,6  dB to  38  dB,  and  those  i n  Method  2  are  
from  23, 0  dB  to  35, 7  dB.  

•  The  average  of  m easured  values  i n  Method  2  i s  d i fferent  from  that  i n  Method  1  wi th  the  

range  of  +0, 7  dB  to  −4, 8  dB.   

•  The  standard  deviations  of  m easured  values  i n  repeated  m easurem ent  are  from  0  dB  to  
1 , 34  dB  i n  Method  1  and  from  0, 02  dB  to  0 , 77  dB  i n  Method  2 ,  respecti ve l y.  

IEC  IEC  IEC  IEC  IEC  
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•  The  d i fference  i n  the  averages  of  m easured  values  for  Method  1  and  Method  2  i s  larger 
than  the  s tandard  deviati on  of  m easured  values  i n  repeated  m easurem en ts .   

Therefore,  i t  i s  cons idered  that  the  m easurem en t m ethod  used  as  wel l  as  the  m easurem ent  
uncertai n ti es  i n fl uence  the  resu l ts .  

 

Fi g u re 5  – Com pari son  between  averag e of  opti cal  power bl ocki n g   
an d  th e stan d ard  d evi ati on s (Type  SC,  wavel en g th  of  1  31 0  n m )  

 

Fi g u re 6  – Com pari son  between  averag e of  opti cal  power bl ocki n g   
an d  th e stan d ard  d evi at i on s (Type  SC,  wavel en g th  of  1  550  n m )  
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< Averag e>  
Non-angled PC,  sample (i )  
Non-angled PC,  sample (i i )  
8° angled PC,  sample (i )  
8° angled PC,  sample (i i )  

Non-angled PC,  sample (i )  
Non-angled PC,  sample (i i )  
8° angled PC,  sample (i )  
 

<Stan d ard  d evi ati on >  

8° angled PC,  sample (i i )  
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Non-angled PC,  sample (i )  
Non-angled PC,  sample (i i )  
8° angled PC,  sample (i )  
8° angled PC,  sample (i i )  

Non-angled PC,  sample (i )  
Non-angled PC,  sample (i i )  
8° angled PC,  sample (i )  
 

<Stan d ard  d evi ati on >  

8° angled PC,  sample (i i )  
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Fi g u re 7  – Com pari son  between  averag e of  opti cal  power bl ocki n g   
an d  th e stan d ard  d evi at i on s (Type  LC,  wavel en g th  of  1  31 0  n m )  

 

Fi g u re 8  – Com pari son  between  averag e of  opti cal  power bl ocki n g   
an d  th e stan d ard  d evi ati on s (Type LC,  wavel en g th  of  1  550  n m )  

6. 5  Stu d y of  th e  factors  affecti n g  m easu rem en t  u n certai n ty 

I t  was  confi rm ed  that  the  m easurem ent  set-ups  shown  i n  6. 2  are  capable  of  m easu ri ng  the  
optical  power  b locking  of  1 7  dB  or  m ore  i n  both  Method  1  and  Method  2 .  H owever,  the  
d i fference  i n  m easured  values  between  Method  1  and  Method  2  was  l arger  than  the  s tandard  
deviat ion  obtained  th rough  repeated  m easurem ents  wh ich  i nd icates  m easurem ent  uncertai n ty.  
Possible  factors  for  such  m easurem ent  uncertai n ty are  as  fo l l ows:   

•  i nabi l i ty to  f i nd  the  m axim um  power  pos i ti on  when  m easuri ng  the  m axim um  optical  power;   

•  s i ze  of  d iam eter of  the  aperture  i n  the  apertu re  plate;  

•  th ickness  and  shape  of  aperture  plate ;   
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Non-angled PC,  sample (iv)  
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8° angled PC,  sample (iv)  

Non-angled PC,  sample (v)  

8° angled PC,  sample (v)  

Non-angled PC,  sample (v)  

8° angled PC,  sample (v)  
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•  i nciden t  ang le  of  em i tted  l i g h t  to  the  aperture  p late;  

•  po lari zati on  dependence  of  sens i t i vi ty of  optical  detector;   

•  sens i t i vi ty d istri bu t ion  of  the  detection  area of  opt ical  detector;  

•  i nci den t  ang le  of  i ncident  of  em i tted  l i gh t  to  the  optical  detector;  

•  background  l i gh t  no ise  i n  the  m easurem ent envi ronm ent.  

7 Summary 

a)  The  need  for  adaptors  wi th  an  optical  power blocking  shu tter  was  explai ned ,  as  was  the  
necess i ty of  the  s tandard i zati on  of  m easurem ent m ethods  to  determ ine  the  level  of  optical  
power blocking  for  adaptors  wi th  an  optical  power blocking  shu tter,  wh ich  i s  one  of  the  
s i gn i f icant  perform ance  i ssues  to  ensure  l aser  safety i n  opt ical  f i bre  com m un ication  
system s.  

b)  Requ i red  perform ance  of  the  power blocking  shu tter,  based  on  the  l aser safety s tandards  
was  suggested .  

c)  Two  m easurem ent  m ethods  have  been  appl ied .  

d )  I t  was  confi rm ed  that  the  two  m easurem ent  methods  had  su ffi ci en t  dynam ic  range  to  
m easure  the  l evel  of  opt i cal  power blocking .   

e)  Measurem ent  of  the  com m ercial  sam ples  was  carri ed  ou t.  

f)  Measurem ent  uncertai n ty factors  were  addressed .  

g )  The  m easu rem ent resu l ts  show that  the  two  test  m ethods  cannot  be  i n terchanged  and  
cou ld  l ead  to  d i fferen t  resu l ts .  
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 Annex A
( in formative)  

 
Observati on  of emi tted  l i g h t  usi ng  a  vi sible  l ig ht  sou rce 

The l i gh t  em i tted  from  an  adaptor  wi th  an  opti cal  power blocking  shu tter  i s  the  resu l t  of  
m u l t iple  refl ecti ons  from  the  d i verse  parts  of  the  adaptor and  shu tter.  I t  was  assum ed  that  the  
em i tted  optical  power wou ld  not  be  un i form l y d i stribu ted  around  the  optical  axis  bu t  wou ld  
have  a b ias  i n  a  certain  d i recti on .  I n  order to  conf i rm  th is  assum ption ,  vi s ib le  l i gh t  was  used  to  
enable  d i rect  observation  of  the  l i gh t  em i tted  from  an  adaptor  wi th  an  optical  power blocking  
shu tter.  

The  observation  cond i t i ons  are  as  fo l l ows:  

•  l i g h t  source:  He-Ne l aser  (waveleng th  of  633  nm ) ;  

•  type  of  opt ical  f i bre:  I EC  60793-2-50,  B1 . 1 ;  

•  end- face  of  opt ical  connector  p lug :  non-ang led  PC  end-face.  

Fi gu re  A. 1  shows  the  off-axis  l i gh t  be i ng  em i tted  from  the  Type  LC  adaptor  wi th  an  optical  
power blocking  shu tter  when  i l l um inated  us ing  a  633  nm  red  l i gh t  laser  sou rce.   

   

Fi g u re A. 1  – Exam pl e of  off-axi s  em i tted  vi si bl e  l i g h t   
(Type LC  d u pl ex ad aptor wi th  an  opti cal  power bl ocki n g  sh u tter)  

IEC  
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 Annex B
( in formative)  

 
Detai led  measu red  l evel s  of bl ocki ng  ch aracteri sti cs  

(Measured  val ues of l i g ht  quanti ty shi el ded  by adaptors   
wi th  an  optical  power blocki ng  shu tter)  

Tables  B. 1  and  B. 2  show the  m easured  levels  of  opt ical  power  blocking  wi th  waveleng ths  of  
1  3 1 0  nm  and  1  550  nm  respecti vel y for Type  SC adaptors  wi th  an  opti cal  power blocking  
shu tter.   

Tables  B. 3  and  B. 4  show the  m easured  levels  of  opt ical  power blocking  wi th  waveleng ths  of  
1  31 0  nm  for  Type  LC  adaptors  (non-ang led  PC  end  face/8  degree-ang led  PC  end  face)  wi th  
an  optical  power b locking  shu tter.   

Tables  B. 5  and  B. 6  show the  m easured  levels  of  opt ical  power blocking  wi th  waveleng ths  of  
1  550  nm  for Type  LC  adaptors  (non-ang led  PC  end  face/8  degree-ang led  PC  end  face)  wi th  
an  optical  power  blocking  shu tter.  

Each  m easurem ent  com bination  was  conducted  f i ve  t im es.  

NOTE  I n  Tables  B . 1  and  B. 3  the  m easured  valu es  wi th  a  wavel eng th  of  1  31 0  nm  us i ng  Method  1  were  not  s table  
to  one  decim al  p lace  even  after us i ng  the  averag i ng  functi on  of  the  m easuri ng  equ ipm ent.  I t  was  decided  therefore  
to  on l y  use  i n teger resu l ts  for these  com binati ons.  For al l  o ther com binati ons  (Method  1 ,  1  550  nm  wavel eng th  and  
Method  2 ,  both  wavel eng ths)  s table  f i gu res  to  one  decim al  pl ace  were  poss ible.   

Tabl e  B . 1  – M easu red  val u es of  opti cal  power bl ocki n g  
(Type SC,  m easu red  wavel en g th  of  1  31 0  n m )  

Unit: dB 

 

Non -an g l ed  PC en d  face  8  d eg ree-an g l ed  PC en d  face  

Sam pl e  ( i )  Sam pl e  ( i i )  Sam pl e ( i )  Sam pl e (i i )  

M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  

1  37  35, 7  29  29, 6  35  33 , 2  28  29, 1  

2  35  34, 6  29  29, 5  35  32, 3  29  29, 1  

3  37  34, 5  29  29, 5  34  32, 6  28  29, 1  

4  35  34, 6  29  29, 7  34  32, 4  28  29, 2  

5  38  34, 8  29  29, 6  34  32, 3  29  29, 1  

Maxim um  38  35, 7  29  29, 7  35  33, 2  29  29, 2  

M in im um  35  34, 5  29  29, 5  34  32, 3  28  29, 1  

Averag e  36, 4  34, 8  29, 0  29, 6  34, 4  32, 6  28, 4  29, 1  

S tandard  
deviati on  

1 , 34  0 , 49  0 , 00  0 , 08  0 , 55  0 , 37  0 , 55  0 , 05  
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Tabl e  B . 2  – M easu red  val u es of  opti cal  power bl ocki n g   
(Type SC,  m easu red  wavel en g th  of  1  550  n m )  

Unit: dB 

 

Non -an g l ed  PC en d  face  8  d eg ree-an g l ed  PC en d  face  

Sam pl e (i )  Sam pl e  ( i i )  Sam pl e (i )  Sam pl e  (i i )  

M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  

1  36, 1  32, 3  26, 3  24, 3  32, 2  31 , 4  25, 7  23 , 1  

2  36, 6  31 , 1  26, 2  24, 4  32, 9  29, 8  25, 6  23 , 0  

3  36, 1  32, 2  26, 1  24, 6  32, 3  31 , 3  25, 8  23 , 2  

4  33 , 6  31 , 9  26, 1  24, 4  29, 9  29, 9  25, 8  23 , 3  

5  35, 7  32, 2  26, 1  24, 5  31 , 6  30, 3  25, 7  23 , 3  

Maxim um  36, 6  32, 3  26, 3  24, 6  32, 9  31 , 4  25, 8  23 , 3  

M in im um  33, 6  31 , 1  26, 1  24, 3  29, 9  29, 8  25, 6  23 , 0  

Average  35, 6  31 , 9  26, 2  24, 4  31 , 8  30, 5  25, 7  23 , 2  

Standard  
deviati on  

1 , 1 7  0 , 51  0 , 09  0 , 1 1  1 , 1 5  0 , 77  0 , 08  0 , 1 3  

 

Tabl e  B . 3  – M easu red  val u es of  opti cal  power bl ocki n g  (Type LC,  
m easu red  wavel en g th  of  1  31 0  n m )  for n on -an g l ed  PC  en d  face  

Unit: dB 

 

Non -an g l ed  PC en d  face  

Sam pl e (i i i )  Sam pl e (vi )  Sam pl e  (v)  

M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  

1  31  30, 0  32  30, 9  33  30, 1  

2  31  30, 1  32  31 , 2  33  30, 4  

3  30  29, 9  32  31 , 0  33  29, 9  

4  31  30, 0  32  31 , 2  33  30, 1  

5  31  30, 0  32  31 , 0  33  30, 4  

Maxim um  31  30, 1  32  31 , 2  33  30, 4  

M in im um  30  29, 9  32  30, 9  33  29, 9  

Averag e  30, 8  30, 0  32, 0  31 , 0  33 , 0  30, 2  

Standard  
deviati on  

0 , 45  0 , 06  0 , 00  0 , 1 2  0 , 00  0 , 20  
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Tabl e  B . 4  – M easu red  val u es of  opti cal  power bl ocki n g  (Type LC,  
m easu red  wavel en g th  of  1  31 0  n m )  for 8  d eg ree-an g l ed  PC en d  face  

Unit: dB 

 

8  d eg ree-an g l ed  PC en d  face  

Sam pl e  ( i i i )  Sam pl e  (vi )  Sam pl e (v)  

M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  

1  30  29, 4  32  30, 3  33  29, 5  

2  30  29, 5  32  30, 6  33  29, 3  

3  30  29, 2  32  30, 2  33  29, 3  

4  30  29, 3  32  30, 5  33  29, 1  

5  30  29, 4  32  30, 3  33  29, 2  

Maxim um  30  29, 5  32  30, 6  33  29, 5  

M in im um  30  29, 2  32  30, 2  33  29, 1  

Averag e  30, 0  29, 4  32, 0  30, 4  33, 0  29, 3  

Standard  
deviat i on  

0 , 00  0 , 1 1  0 , 00  0 , 1 6  0 , 00  0 , 1 8  

 

Tabl e  B . 5  – M easu red  val u es of  opti cal  power bl ocki n g  (Type LC,  
m easu red  wavel en g th  of  1  550  n m )  for n on -an g l ed  PC en d  face  

Unit: dB 

 

Non -an g l ed  PC en d  face  

Sam pl e (i i i )  Sam pl e  (vi )  Sam pl e (v)  

M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  

1  26, 3  26, 1  28, 9  25, 8  29, 2  24, 4  

2  26, 6  26, 1  29, 4  26, 0  29, 6  24, 6  

3  26, 8  26, 1  29, 2  25, 7  29, 2  24, 6  

4  26, 9  26, 0  29, 3  25, 8  29, 1  24, 5  

5  26, 7  26, 1  29, 2  25, 7  29, 2  24, 4  

Maxim um  26, 9  26, 1  29, 4  26, 0  29, 6  24, 6  

M i n im um  26, 3  26, 0  28, 9  25, 7  29, 1  24, 4  

Averag e  26, 7  26, 1  29, 2  25, 8  29, 3  24, 5  

Standard  
deviat i on  

0 , 23  0 , 03  0 , 1 9  0 , 1 2  0 , 1 9  0, 1 1  
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Tabl e  B . 6  – M easu red  val u es of  opti cal  power bl ocki n g  (Type LC,  
m easu red  wavel en g th  of  1  550  n m )  for 8  d eg ree-an g l ed  PC en d  face  

Unit: dB 

 

8  d eg ree-an g l ed  PC en d  face  

Sam pl e  ( i i i )  Sam pl e  (vi )  Sam pl e  (v)  

M eth od  1  M eth od  2  M eth od  1  M eth od  2  M eth od  1  M eth od  2  

1  26, 2  24, 9  29, 2  26, 2  28, 9  24, 5  

2  26, 5  24, 9  28, 1  26, 3  28, 8  24, 4  

3  26, 5  24, 9  29, 1  26, 2  28, 8  24, 3  

4  26, 6  25, 0  29, 1  26, 3  28, 9  24, 5  

5  26, 6  24, 9  29, 0  26, 2  28, 8  24, 4  

Maxim um  26, 6  25, 0  29, 2  26, 3  28, 9  24, 5  

M in im um  26, 2  24, 9  28, 1  26, 2  28, 8  24, 3  

Averag e  26, 5  24, 9  28, 9  26, 2  28, 8  24, 4  

Standard  
deviat i on  

0 , 1 6  0 , 02  0 , 45  0 , 07  0 , 05  0 , 08  
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