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Early Nordic  Cooperation in  Fibre Optics - The  Nordforsk
Project,  from » 1976 to » 1980
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In the Nordforsk project were conducted ”Round Robins” on
different fibre parameters, like attenuation and bandwidth (on 
multimode fibres). Very poor agreement on bandwidth in first 
”Robin”, good agreement on second ”Robin” after detailed
specification on launch condition (mode scrambling etc).

Today standard bandwidth measurements are well described e.g. in 
IEC 60793-1-41.

However, standard bandwidth method is not good enough when
the multimode fibre is intended for extremely high data rates, like 
10 Gb/s. Thus, recently another type of bandwidth test was
introduced for high bandwidth multimode fibres, the DMD 
method.





The DMD-method
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Long multimode fibre

The bandwidth is taken from – 3 dB or – 1,5 dB of

H(f)  =  SSSS P(r) exp(i 2ppppf DtDtDtDt(r))

and is called effective modal bandwidth, EMB



Typical DMD result

DMD = Tslow– Tfast

EMB is 3 dB of   H(f) 

H(f)  =  SSSS P(r) exp(i 2ppppf DtDtDtDt(r))

DtDtDtDt(r)





Single mode fibres
From IEC 60793-2-50  - Cut-off wavelength specification
General definition: At wavelengths longer than the cut-off
wavelength, only the fundamental mode is present. For practical
purposes, three different cut-off wavelengths are defined



The different cut-off wavelength arrangements

(Pictures from IEC 60793-1-44)
lll l c, fibre cut-off wavelength, 2 m fibre

fibre loop diameter 280 mm

lll l cc(A), bare fibre, small 
loop diameter 80 mm,

22 m fibre

lll l cc(B), cabled fibre, small 
fibre loop diameter 80 mm

20 m cable

lll l cj, 2 m jumper cable, 

cable loop diameter 280 mm

Cable cut-off wavelength



What are the different cut-off wavelengths, l c, l cc and l cj?
Why threel co?
From IEC 60793-1-44 Cut-off wavelength measurement:
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When a short length of fibre is inserted in a link, somemode coupling to 
the higher mode may occur at the joint A. At next joint this mode is out of 
phase with the fundamental mode and if some power is coupled back, 
interference will occur causing noise. Thus we want the higher mode to be 
sufficiently attenuated between A and B. According to the definition of 
the cut-off wavelength this is the case if the attenuation of the LP11-mode 
is higher than 19.3 dB, thus

aaaa11 LAB > 19.3 dBor aaaa11 > 19.3/LAB dB/m

The cut-off condition is thus inversely depending on the fibre length. It 
turns out that aaaa11 is very strongly depending on wavelength and fibre
bend diameter. 

Importance of cut-off condition on short fibre lengths
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LP01 loss

LP11 loss

Loss vs bend diameter in standard single mode 
fibre

From the thesis of Tarja Volotinen

lll l



LP11 attenuation curves of real bare and cabled fibres
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In this particular case, the different 
cut-off wavelengths would be 
measured as 

lll l c = 1170 nm

lll l cc(A) = 1090 nm

lll l cc(B) = 1060 nm

lll l cj = 1100 nm
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From the thesis of Tarja Volotinen







g
From  ECOC 2004, paper 3.3.5







Early experiment with the Raman effect

Borak and Stensland, OFC 1981

Raman OTDR           Transmission spectrum
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Set-up and typical result according to IEC 62324 TR



Conclusions

-Early fibre measurement methods are coming back

-Nothing is new under the sun

-Talking about the sun….



Intensity in the fibre end

Core area: p*4,32 mm2 = 58 mm2

Fibre power: + 19 dB = 80 mW

Intensity; 80 mW/58 mm2 = 
= 80*10-3 W/58*10-12 m2 =
= 1,4 * 109 W/m2 = 1400 MW/m2

Compare with the sun irradiance on the earth at the equator
» 800 W/ m2

> 1 500 000 times higher intensity!



Short movie from BT

A primary coated fibre is mounted in a loop of 8 mm 
diameter

The fibre is subjected to high power: 1.2 W

Short video from BT.  Fibre is bent to 8 mm diam
and subjected to 1200 mW optical power 



Typical bend loss. 
From ”System inpact…” by Ed Sikora et al, BT, ECOC 2004 
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