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OPTICAL FIBRES –  

 
Part 1 -60:  Measurement methods  and  test procedures  –  

Beat length  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ 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 ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  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 osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati 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  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  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 i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  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 n dependent certi fi cati on  bod ies  provi de  conform i ty  
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi 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,  servants  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 natu re  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)  Attention  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)  Attention  i s  d rawn  to  the  poss ibi l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC 60793-1 -60  has  been  prepared  by subcommittee  86A:  F ibres  and  
cables,  of I EC  techn ical  comm ittee  86 :  F ibre  optics .  

The  text of th is  I n ternational  Standard  i s  based  on  the  fo l lowing  documents :  

CDV Report  on  voti ng  

86A/1 737/CDV 86A/1 782/RVC 

 

Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i s t  of a l l  parts  in  the  I EC  60793  series ,  publ ished  under the  general  ti tl e  Optical fibres,  can  
be  found  on  the  I EC websi te .  
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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 "h ttp: //webstore. iec.ch"  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

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

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

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

Part 1 -60:  Measurement methods  and  test procedures  –  
Beat length  

 
 
 

1  Scope 

This  part of I EC 60793  defines  test methods  for both  the  phase  beat l eng th ,  and  the  g roup  
beat l ength .  These  two  parameters  are  defined  d i fferentl y,  and  wi l l  g i ve  d i fferent  resu l ts  
depend ing  on  the  type  of polarization-maintain ing  (PM)  fibre.  

The  phase  beat l eng th  is  the  re levant parameter for the  fibres  ab i l i ty to  main tain  a  h igh  
exti nction  ratio.  Th is  i s  described  i n  more  detai ls  i n  Annexes  A and  B .  

2  Normati ve references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i ti on  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60068-1 ,  Environmental testing – Part 1 :  General and guidance 

I EC 60793-1 -1 ,  Optical fibres – Part 1 -1 :  Measurement methods and test procedures –
General and guidance 

I EC 60793-1 -48,  Optical fibres – Part 1 -48: Measurement methods and test procedures –  
Polarization mode dispersion  

I EC  60793-2-70 1 ,  Optical fibres – Part 2-70: Product specifications – Sectional specifications 
for polarization-maintaining fibres 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  in  I EC  60793-1 -1  and  the  
fol l owing  appl y.  

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

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

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

  3 . 1
phase beat length  
L
B(ph ase)  

d istance  over wh ich  two  orthogonal  polari zation  modes  are  delayed  by one  cycle  (2p)  

  3 . 2
grou p beat l ength  
L
B(group)  

d istance  over wh ich  the  group delay d i fference i s  one  cycle  (2p)  

Note  1  to  en try A g roup  delay i s  based  on  group  refracti ve  i n dex.  

___________ 

1  Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC CCDV 60793-2-70: 201 7.  
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4 Testing  condi tions  

Un less  otherwise  speci fi ed ,  the  test sha l l  be  conducted  under the  standard  cond i ti ons  
speci fied  in  I EC  60068-1 .  However,  when  i t  i s  d i ffi cu l t to  make measurements  i n  the  standard  
cond i ti ons,  the  test may be  conducted  i n  cond i ti ons  other than  the  standard  cond i tions  
provided  that  no  doubts  wi l l  arise  abou t j udgments.  

5 Reference test method  

Since  the  phase  beat l eng th  i s  the  parameter speci fi ed  i n  the  product speci fication ,  
I EC 60793-2-70,  both  phase  beat l eng th  test methods  described  i n  7. 1  are  defined  as  the  
reference test method  (RTM).  Test method  for g roup beat l ength  described  in  7 . 2  can  be  used  
as  an  al ternative  test method  (ATM)  when  the  correlation  between  phase  and  group beat  
l engths  is  confi rmed  i n  advance (as  shown  i n  Annex B) .  

6 Specimen  

A specimen  l eng th  shou ld  be  the  m in imum  necessary to  set up  the  test apparatus.  I f the  
specimen  i s  extra  l ong ,  take  care  that  no  s tresses  wi l l  be  i nduced  i n  the  specimen .  

7 Test methods  

 Phase  beat  l ength  measurement  methods  7. 1

7. 1 . 1  General  

The phase  beat l ength  measurement method  is  based  on  appl ying  a  poin t- l ike  perturbation  
a long  a  short l eng th  of the  fi bre  under test,  and  e i ther mon i tor the  changes  i n  ou tput power,  or 
moni tor changes  in  ou tpu t state  of polari zation  (SOP)  at one  waveleng th  versus  travel  
d istance.  

The perturbation  can  e i ther be  a  l ateral  force  or an  e lectromagnet.  

I n  th is  document,  the  test methods  where  ou tput  power is  mon i tored  us ing  an  e lectromagnet,  
and  where  SOP is  mon i tored  using  a  l ateral  force,  are  both  described .  

7. 1 .2  Moni toring  of output  power using  an  electromagnet 

7. 1 .2 . 1  Apparatus  

7. 1 .2 .1 . 1  General  apparatus  

See  F igure  1  for a  d iagram  of the  test set-up.  

An  e lectromagnet i s  moved  along  the  optical  fi bre  l ong i tud ina l  axis  for Faraday rotation .  

 

Figure  1  – Apparatus  of phase  beat  l ength  measurement  
using  an  electromagnet   
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7. 1 .2 .1 .2  Light  source  

A l i gh t source  wh ich  has  a  narrow spectrum  l i ne-wid th  such  as  a  DFB  l aser shal l  be  used .  

7. 1 .2 .1 .3  Retardation  plate  

A retardation  p late  (λ/4  retarder)  shal l  be  provided  to  enable  the  i nput of certa in  l evel  of 
optica l  power in to  the  fi bre  even  when  the  polari zer i s  rotated .  The  retardation  p late  converts  
the  polarization  of incident  l i ght  from  l i near polarization  i n to  ci rcu lar polari zation .  

7. 1 .2 . 1 .4  Polarizer and  analyser 

A polari zer and  an  analyser shal l  be  capable  of ou tpu tting  l i nearl y polarized  l i gh t having  a  
certa in  d i rection  of e lectri c fi el d  vector when  they have  received  l i gh t  in  a  s tate  of polari zation .  

7. 1 .2 .1 .5  Detector 

A detector to  be  used  shal l  have  a  l i gh t receiving  area  that can  detect a l l  the  optical  power 
em i tted  from  the  ou tpu t end  of the  optical  fi bre.  

7. 1 .2 .1 .6  Electromagnet for Faraday rotation  

An  e lectromagnet for Faraday rotation  rotates  the  polari zation  of the  l i gh t i n  a  fibre  by 
appl ying  an  el ectromagnetical  fi e ld  a long  the  fibre  long i tud ina l  axis .  The  polari zation  rotation  
shal l  be  modu lated  by an  e lectrical  s ignal  from  ou ts ide  to  improve measurement sens i ti vi ty.  
The  i n teraction  length  shou ld  be  smal l er than  the  speci fi ed  beat l ength  (for example,  around  
1  mm)  enough  for detecting  the  beat l eng th  wi th  appropriate  accuracy.  The  appl ied  
e lectromagnetical  fi e l d  shou ld  be  l arge  enough  for detecti ng  the  beat l ength  wi th  appropriate  
accuracy.  Annex C  describes  the  examples  of e lectromagnet  equ ipment for Faraday rotation .  

7. 1 .2 .1 .7  Translation  stage  

A trans lation  stage  shal l  be  ab le  to  move the  e lectromagnet a long  the  fibre  l ong i tud ina l  axis.  
The  trans lation  stage  shal l  have  the  moving  range  and  p i tch  wh ich  are  su fficient to  measuring  
the  beat l eng th  of the  sample  fibre.  

7. 1 .2 .1 .8  Lock-in  ampl i fi er 

A lock-in  ampl i fi er shal l  be  used  to  improve  measurement sensi ti vi ty.  The  l ock-in  ampl i fi er 
shal l  have  response time  enough  to  respond  to  the  modu lation  speed  of the  e lectromagnet.  

7. 1 .2 .1 .9  Signal  generator 

A s ignal  generator provides  modu lated  s ignal  to  the  l ock-in  ampl i fi er and  the  e lectromagnet.  

7. 1 .2 . 1 . 1 0  Power ampl i fi er 

A power ampl i fier may be  used  as  necessary.  The  power ampl i fi er sha l l  provide  enough  power 
for the  e lectromagnet.  

7. 1 .2 .1 . 1 1  Computer 

A computer shou ld  control  the  pu lse  stage  and  process  the  ou tpu t s i gnal  from  the  lock-in  
ampl i fier.  

7. 1 .2 .1 . 1 2  Output device  

An  ou tpu t device  is  used  to  ou tpu t a  measurement profi le  processed  by the  computer.  The  
ou tpu t device  may d i rectly ou tput the  s i gnal  l evel  of the  l ock-in  ampl i fier by such  as  a  p lotter.  

7. 1 .2 .2  Procedure  

7. 1 .2 .2 . 1  Preparation  and  ad justment  

Prepare  a  V-groove  or bare  fibre  adapter to  connect the  sample  fi bre  under test to  the  
polarizer and  anal yser.  Remove the  primary coating  from  both  ends  of the  fibre  under test,  
and  cleave  the  ends  in to  m i rror surfaces  perpend icu lar to  the  axis  of the  fibre.  Connect one  
end  of the  fi bre  to  the  polarizer,  e i ther the  V-groove  or the  bare  fibre  adapter.  Connect the  
other end  of the  fibre  to  the  anal yser,  and  connect the  anal yser wi th  the  detector,  so  that a l l  
the  i npu t l i gh t can  be  received .  
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Rotate  the  polarizer and  anal yser to  m in im ize  the  optical  ou tput power through  the  anal yser.  
Next,  ad j ust the  anal yser to  maxim ize  the  output  vol tage  of the  l ock-in  ampl i fi er.  

7. 1 .2 .2 .2  Measurement 

Move the  e lectromagnet by d rivi ng  the  pu lse  stage.  Memori ze  a  re lationsh ip  between  the  
e lectromagnet travel  d istance  Z and  the  lock-in  ampl i fi er ou tput V.  The  re lationsh ip  as  shown  

in  F igure  2  can  be  obta ined .  Measure  N t imes  of the  travel  d istances,  ∆Z
i
 wh ich  i s  a  ha l f 

period  of the  sequence  of V.  

 

Figure  2  – Example of measurement profi le  by electromagnet 

7. 1 . 2 .3  Calcu lation  

The phase  beat l eng th  L
B(phase)  i s  g iven  by:  

 N

Z

L

N

i

i

B

∑
=

∆

= 1
(phase)

2

 (1 )  

where  

L
B(phase)  i s  the  phase  beat  l ength ;  

∆Z
i
 i s  the  travel  d istance  of the  stage  where  the  l ock-in  ampl i fi er ou tpu t changes  by the  

hal f period ;  

N i s  the  number of the  ha l f period .  

7. 1 .3  Moni toring  of SOP  using  a  l ateral  force  

7. 1 .3. 1  Apparatus  

7. 1 .3.1 . 1  General  apparatus  

See  F igure  3  for a  d iagram  of the  test set-up.  

By appl ying  a  l ateral  force  at  a  poin t  that moves  a long  the  fibre  axis  and  s imu l taneousl y 
measure  the  SOP,  the  L

B(phase)  can  be  obtained .  
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Figure 3  – Set-up for measuring  L
B(phase)  when  mon itoring  SOP  

together wi th  a  moving  lateral  force  

7. 1 . 3.1 .2  Light  source  

A polarized  laser source  wi th  a  narrow spectrum  l i ne-wid th ,  such  as  a  d i stributed  feedback 
l aser (DFB)  shal l  be  used .  

7. 1 .3 .1 .3  Polarization  analyser 

Any commercial  avai lab le  polari zation  anal yser (polarimeter)  can  be  used .  

7. 1 .3 .1 .4  Translation  stage  

A trans lation  stage  shal l  be  ab le  to  move the  l ateral  force  along  the  fibre  l ong i tud ina l  axis.  
The  trans lation  s tage  shal l  have  the  sufficien t moving  range  to  measure  the  beat l eng th  of the  
sample  fi bre.  I t  i s  recommended  to  have  a  range  l ong  enough  to  ensure  fi ve  to  ten  periods  i n  
order to  average  the  resu l t.  

The  l ength  of i n teraction  between  the  l ateral  force  and  the  sample  fibre  shou ld  be  s i gn i ficantl y 
smal ler than  the  speci fi ed  beat l eng th  (e. g .  1 /1 0) .  

7. 1 .3 .1 .5  Computer 

A computer shou ld  be  used  to  combine  the  SOP data  and  the  d isplacement data.  

7. 1 .3.2  Procedure  

7. 1 . 3.2 .1  Preparation  and  ad justment 

The fi bre  sample  shal l  be  p laced  stra igh t on  a  flat and  smooth  surface.  I t  i s  importan t to  avoid  
any twisting  of the  fi bre  sample.  

S ince  a  speci fic i npu t SOP is  not needed  (or needs  to  be  known)  [1 ] 2,  the  i npu t end  of the  
fibre  sample  can  be  sp l iced  to  any type  of p ig ta i l  fi bre  connected  to  the  l igh t  source.  

The  ou tpu t end  of the  sample  fi bre  can  be  connected  d i rectl y to  the  polarization  anal yser by 
us ing  for example  a  bare  fibre  adapter.  

7. 1 .3.2 .2  Measurement  

Move  the  latera l  force  to  one  end  of the  fibre  sample  and  l ower i t  on to  the  fibre  sample.  

Then  move the  lateral  force  s lowly a long  the  length  of the  fibre  sample.  

Observe  the  SOP on  the  polari zation  anal yser.  One  fu l l  ci rcle  corresponds  to  one  period .  

The  d iameter of the  ci rcle  showed  on  the  Poincaré  sphere  gets  l arger for i ncreas ing  latera l  
force  (see  F igure  4  below).  

___________ 

2  Numbers  i n  square  brackets  refer to  the  B ib l i og raphy.  
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Figure 4 – SOP measured  at  d i fferent  l evels  of lateral  force  

7. 1 . 3.3  Calcu lation  

The phase  beat l eng th  i s  obta ined  from  the  period ic variation  of the  SOP.  Examples  of SOP 
evolu tion  on  the  Poincaré  sphere  ( l eft)  and  the  th ree  normal i zed  Stokes  vector components  as  
function  of d isplacement length  from  wh ich  the  L

B  (phase)  i s  determ ined  (ri gh t)  are  shown  i n  

F igure  5.  

 

Figure 5  – Example of SOP  evolution  and  normal ized   
Stokes  vector components  

 Group  beat length  measurement method  7.2

7.2. 1  General  

I n  pri ncip le,  polari zation  mode d ispersion  is  measured  wi th  the  group beat l ength  
measurement method .  A modal  b i refringence and  a  beat l eng th  are  measured  by th is  method ,  
wh ich  are  defined  on  the  bas is  of a  d i fferentia l  g roup  refractive  i ndex,  and  are  d i fferen t from  a  
modal  b i refringence  and  a  beat l eng th  measured  by the  methods  i n  7. 1 .  See  Annex A.  

As  shown  in  Annex B ,  there  i s  a  correlation  between  resu l ts  obtained  by the  methods  i n  7 . 1  
and  7 . 2  i n  some types  of polarization  main tain ing  fi bre.  I f the  corre lation  between  both  
methods  i s  confi rmed  i n  advance (as  shown  i n  Annex B),  the  measurement method  i n  7. 2  can  
be  used  as  an  a l ternative  easy-to-use  measurement method  (ATM),  instead  of 7. 1  (RTM)  for 
phase  beat l eng th  measurement,  wi th  an  appropriate  correlation  factor.  

7.2.2  Apparatus  and  procedure  

I n  the  group beat l eng th  measurement method ,  d i fferen tia l  g roup  delay (DGD)  or group modal  
b i refringence is  u ti l i zed  for calcu lation  of beat length .  I t  shou ld  be  measured  by a  method  of 
polari zation  mode d ispersion  measurement ( i . e .  fixed  anal yser or wavelength  scann ing ,  
Stokes  parameter evaluation ,  I n terferometry) .  I n formation  perta in ing  to  each  i nd ividual  
method  appears  i n  I EC  60793-1 -48.  
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7.2.3  Calcu lation  

A group  beat l ength  can  be  calcu lated  from  resu l ts  i n  method  of I EC  60793-1 -48.  

The  group beat l eng th  L
B(group)  i s  g iven  by:  

 
group

B(group)
B

L
λ

=  (2)  

where  

L
B  (g roup)  i s  the  group  beat l ength ;  

Bgroup  i s  the  group  modal  b i refri ngence  in  7. 2 ;  

λ  i s  the  waveleng th .  

The  group modal  b i refri ngence Bgroup  i s  g iven  by:  

 τΔgroup ⋅=
L

c
B  (3)  

where  

c  i s  the  veloci ty of l i gh t i n  vacuum  [m/s] ;  

L  i s  the  fi bre  length  [m ] ;  

∆τ  i s  the  d i fferen tia l  g roup  delay (DGD)  [s ] .  

8 Resul ts  

 I n formation  avai lable  wi th  each  measurement  8. 1

Report  the  fol l owing  in formation  on  each  measurement:  

– date  and  ti tl e  of measurement;  

– l ength  of specimen;  

– i denti fication  of specimen ;  

– measurement waveleng th ;  

– beat l ength ;  

– measurement method .  
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 I n formation  avai lable  upon  request  8. 2

The fol lowing  in formation  shal l  be  avai l able  upon  request:  

– description  of measurement apparatus  arrangement;  

– detai l s  of measurement apparatus;  

– re lati ve  hum id i ty and  temperature  of measurement;  

– date  of l atest ca l ibration  of equ ipment;  

– type  of optical  source  used  and  i ts  spectral  wid th  (FWHM)  in  the  case  of methods  
described  in  7. 1 .  
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Annex A 
(informative)  

 
Di fference of beat l engths  by measurement method   

(phase beat length  and  group beat length)   

 Phase modal  bi refringence and  phase beat length  A. 1

The refracti ve  i ndex d i fference of two orthogonal l y polari zed  modes  of a  polari zation -
maintain ing  (PM)  fi bre  resu l ts  from  the  core  shape and  the  stress  d istribution .  The  d i fference  
is  the  phase  modal  b i refri ngence  and  is  g iven  by:  

 yxphase nnB −=  (A. 1 )  

where  

Bphase  i s  the  phase  modal  b i refri ngence;  

nx,  ny  are  the  refracti ve  ind ices  of two  orthogona l l y polari zed  modes.  

The  phase  d i fference Δφ  between  the  two polari zed  modes  resu l ts  from  the  b i refri ngence  of 
the  optical  fi bre  when  two  orthogonal l y polarized  modes  propagate  through  the  fibre  wh ich  
has  a  l ength  of L .  

 L
B

λ
φ

phase2
Δ

⋅p
=  (A. 2)  

where  

∆φ  i s  the  phase  d i fference  between  two polari zed  modes ;  

Bphase  i s  the  phase  modal  b i refri ngence;  

L  i s  the  fi bre  length ;  

λ  i s  the  waveleng th .   

The  phase  d i fference  changes  the  state  of polari zation  of the  fibre  period ica l l y a long  i ts  
l ong i tud inal  d i rection .  The  beat l eng th  i s  a  l eng th  at wh ich  the  phase  d i fference  becomes  2p,  

and  is  defined  by:  

 
phase

B(phase)
B

L
λ

=  (A. 3)  

where  

L
B(phase)  i s  the  phase  beat  l ength ;  

λ  i s  the  waveleng th ;  

Bphase  i s  the  phase  modal  b i refri ngence.  

Phase  beat l eng th  measurement methods  described  i n  7. 1  measure  the  beat l ength  d i rectl y.  

 Group modal  bi refringence and  group beat l ength  A.2

I n  princip le,  the  polari zation  mode d ispers ion  is  measured  wi th  the  test method  defined  i n  7 . 2  
(group beat l eng th  measurement method) .  A modal  b i refringence  and  a  beat l eng th  measured  
by th is  method ,  wh ich  are  defined  on  the  bas is  of d i fferentia l  g roup  refracti ve  i ndex,  are  
d i fferent from  a  model  b i refringence and  a  beat l ength  measured  by phase  beat l eng th  
measurement methods  defined  i n  7 . 1 .  

The  group modal  b i refri ngence is  g i ven  by:  

 y(group)x(group)roupg nnB −=  (A. 4)  
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where  

Bgroup   i s  the  group  modal  b i refri ngence;  

nx (g roup) ,  ny (g roup)  are  the  g roup  refracti ve  i nd ices  of two orthogonal l y polari zed  modes.  

The  re lation  between  phase  refracti ve  index and  group  refracti ve  i ndex is  described  by:  

 
λ

λ
d

d
group

n
nn −=  (A. 5)  

where  

n  i s  the  phase  refracti ve  i ndex;  

ngroup  i s  the  group  refracti ve  i ndex;  

λ  i s  the  waveleng th .  

Accord ing  to  Equations  (A. 4)  and  (A.5) ,  the  g roup  modal  b i refri ngence  Bgroup  i s  ca lcu lated  by:  

 
λ

λ
d

d phase
phasegroup

B
BB −=  (A. 6)  

where  

Bgroup  i s  the  group  modal  b i refri ngence;  

Bphase  i s  the  phase  modal  b i refri ngence;  

λ  i s  the  waveleng th .  

Bgroup  sh i fts  from  Bphase  by the  wavelength  d ispersion  of Bphase .  

The  group modal  b i refringence  measured  by the  method  described  i n  7. 2  i s  calcu lated  from  
the  wavelength  dependence of the  phase  d i fference.  The phase  d i fference  wi th  the  

wavelength  dependence  of the  group modal  b i refri ngence,  ∆φ(λ1 )  –  ∆φ(λ0) ,  i s  expressed  as :  

 

λ
λλλ

λ

λ
λλ

λ
λ
φ

λφλφ

Δ
d

d2Δ
2

Δ
2

d

d
Δ

d

)d(
)(Δ)(Δ

phase

2phase

phase
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BL
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L
B

⋅p
+⋅⋅⋅p−=








 p
=

∆
=−

 (A. 7)  

where  

∆φ   i s  the  phase  d i fference  between  two polari zed  modes ;  

∆φ(λ)  i s  the  phase  d i fference  between  two polari zed  modes  at  the  wavelength  of λ ;  

Bphase  i s  the  phase  modal  b i refri ngence  described  in  7 . 1 ;  

L   i s  the  fi bre  length ;  

λ   i s  the  wavelength ;  

∆λ   i s  the  waveleng th  sh i ft  between  the  two  wavelengths,  λ1  and  λ0 .  

Accord ing  to  Equations  (A. 6)  and  (A. 7) ,  the  phase  d i fference  wi th  the  wavelength  dependence  

of the  g roup modal  b i refri ngence  ∆φ(λ1 )  – ∆φ(λ0)  measured  by the  methods  described  in  7 . 2  i s  

ca lcu lated  by:  

 
2group01
Δ

2)(Δ)(Δ

λ

λ
λφλφ ⋅⋅⋅p−=− LB  (A. 8)  

where  

∆φ  i s  the  phase  d i fference  between  two polari zed  modes ;  
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∆φ(λ)  i s  the  phase  d i fference  between  two polarized  modes  at  the  wavelength  of λ ;  

Bgroup  i s  the  modal  b i refringence described  i n  7. 2;  

L  i s  the  fi bre  length ;  

λ  i s  the  wavelength ;  

∆λ  i s  the  waveleng th  sh i ft  between  the  two  wavelengths,  λ1  and  λ0 .  

From  the  measurement described  in  7 . 2 ,  the  group  modal  b i refri ngence Bgroup  can  be  derived  

d i rectl y.  

The  phase  d i fference ∆φ(λ1 )  – ∆φ(λ0)  changes  the  state  of polari zation  period ical l y wi th  the  
wavelength .  The  g roup modal  b i refringence  Bgroup  i s  ca lcu lated  from  the  wavelength  λ1  and  
λ0  at  wh ich  the  phase  d i fference ∆φ(λ1 )  – ∆φ(λ0)  becomes  2p ,  and  is  ca lcu lated  by:  

 
pp

2

group
Δ −⋅

=
λ
λ

L
B  (A. 9)  

where  

Bgroup  i s  the  g roup  modal  b i refri ngence  described  in  7 . 2 ;  

L  i s  the  fibre  length ;  

λ  i s  the  wavelength ;  

∆λp-p  i s  the  wavelength  sh i ft  wh ich  corresponds  to  ∆φ(λ1 )  – ∆φ(λ0)   =  2p .  

The  beat l eng th  measured  in  method  B ,  L
B(group)  i s  defi ned  by substi tu ting  Bgroup  i n  

Equation  (2).  

 
group

(group)
B

LB

λ
=  (A. 1 0)  

where  

L
B(group)  i s  the  group  beat l ength  measured  described  i n  7 . 2;  

λ  i s  the  waveleng th ;  

Bgroup  i s  the  group  modal  b i refri ngence  described  in  7 . 2.  
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Annex B  
(informative)  

 
Correlation  between  resul ts  obtained  by the two methods   

(phase beat length  and  group beat length)  

 

 General  B.1

As shown  in  Annex A,  there  is  a  d i fference between  the  phase  beat length  L
B(phase)  and  group  

beat l eng th  L
B(group)  i n  terms  of defi n i tion .  The  phase  beat l eng th  obtained  by the  methods  

described  in  7. 1  i s  based  on  the  ori g inal  defin i ti on .  The  phase  beat length  and  group beat 
l ength  wi l l  g i ve  d i fferent resu l ts.  D i fferences  of more  than  1 00  %  have  been  reported  i n  the  
worst case  [2 ] .  

I f the  correlation  between  both  methods  is  confi rmed  i n  advance,  the  measurement method  
described  i n  7. 2  can  be  used  as  an  a l ternative  easy-to-use  measurement method .  For 
polari zation-main ta in ing  and  absorption-reducing  (PANDA)  fibre,  the  reported  corre lations  
between  Bgroup  and  Bphase  are  a lmost the  same va lue  around  1 , 1 .  For e l l iptical  core  fi bre,  the  

correlation  varies  depend ing  on  the  des ign  ( the  ratio  of e l l i ptici ty,  etc. ) .  

 Example of correlation  between  phase and  group beat lengths  in  the case B.2
of PANDA fibres  

Figure  B. 1  shows the  waveleng th  dependence of Bgroup/Bphase  for PANDA fibres  [3] .  The  

d i fference  between  resu l ts  obtained  by the  methods  described  i n  7 . 1  and  7 . 2  i s  dependent on  
the  wavelength .  The  reported  correlations  between  Bgroup  and  Bphase  are  a lmost the  same  

va lue  around  1 , 1 .  

 

Figure B. 1  – Wavelength  dependence   
of Bgroup/Bphase  [3]
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 Example of correlation  between  phase and  group beat l engths  in  the case B.3
of el l iptical  core fibres  

Table  B. 1  summarises  reported  Bgroup/Bphase  of an  e l l i ptica l  core  fi bre  [4 ] .  For e l l iptica l  core  

fibre,  the  correlation  varies  depend ing  on  the  design  ( the  ratio  of e l l i ptici ty,  etc. ) .  

Table  B . 1  – Bgroup/Bphase  of e l l iptical  core  fibres   

Fibre  type  Wavelength  Bgroup/Bphase  

No. 1  i n  [2 ]  1  550  nm  1 , 8  

No. 2  i n  [2 ]  1  550  nm  2  
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Annex C  
(informative)  

 
E lectromagnet for Faraday rotation  

An  example  of the  e lectromagnet for Faraday rotation  used  to  Method  A for beat l ength  
measurement i s  shown  i n  F igure  C. 1 .  The  brass  tube  i s  i nserted  i n  the  coi l .  The  brass  tube  
has  a  through  hole  for i nserting  an  optical  fi bre  and  1  mm  ai r gap.  The  brass  tube  has  the  a i r 
gap  to  appl y the  optical  fi bre  to  magnetic  fi e ld .  

 

Figure C. 1  – Schematic  of the  electromagnet   
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