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where  is the refractive index of center of the core typical 
value for the glass is 1.5, ∆ is the change in the profile 
typically 0.01, r is the radial position, and a is the radius of the 
core which is 31.25µm. The coupling between the optical ray 
source and fiber shall make an angle (θ) with the transverse 
plane of the fiber, to ensure no meridional modes nor elliptical 
helical modes are excited this angle shall make an entrance 
angle greater than the acceptance angle of the fiber (in this 
case it is 12 ), another condition is that the projection of the 
ray into the face of the fiber should be perpendicular to the 
radial vector from the center of the fiber to point of ray 
entrance to the core of the fiber. This means θ shall vary from 
10 to 78 , the 10 degrees are chosen for the helix to be 
realistic enough to propagate in the longitudinal direction. 
Table I shows for each entrance angle, measured from the 
transverse plane of the face of the fiber to the ray, the 
corresponding helical mode order for a certain offset of 6µm. 
Fig. 2 gives a bigger picture of the relationship between the 
launch offset from the center of the fiber, the angle of entrance 
and the helical mode path length (normalized to the longest 
one) which can be calculated from the resulting helix 
parameters of Table I and extending it to different offsets. Fig. 
2 clearly shows that as the offset gets larger the path of the 
optical pulse increases and as the angle θ becomes larger the 
optical pulse path decreases. 

 
TABLE I 

COUPLING ANGLE WITH CORRESPONDING HELIX PARAMETERS 
θ Normalized helix parameters ,  

10 6, 28 2  
30 6, 13.1 2  
50 6, 5.6 2  
75 6, 1.3 2  

 
As continuation to this work, it is of interest to consider the 

experimentally generated short optical pulse that was 
generated by gain switching an 850nm laser to produce a ~200 
ps pulse shown in Fig. 3 as an input parameter to the model, 
the model then shall consider the arrival time of the mentioned 
pulse by calculating the required propagation time down the 
fiber normalized to the maximum time. The propagation time 
will be calculated based on the distance the pulse shall travel 
and the optical pulse group velocity which will defiantly be 
affected by the refractive index faced by the propagating 
mode. It will be published later that exciting a group of 
circular helical modes with certain offset from center of fiber 
and angle perpendicular to the radial distance from the center 
of the fiber with a particular narrow beam waist, in orders of 4 
µm like the one used in [8], will improve the capacity of the 
GI fiber. 

 

 
Fig. 2 Distance travelled in one rotation of circular helix for a 

particular coupling angle and offset 
 

 
Fig. 3 Optical pulse from an 850nm gain-switched laser 

III. CONCLUSION 
In this paper a study of the excitation of helical modes of 

propagation in GI fibers has been presented by implementing a 
computer model that relates the launch offset and angle to the 
helical mode order. Continuation work is proposed that will 
clearly show the improvement of the capacity of GI fibers 
when selectively excite few number of helical modes of 
propagation. 
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and organizing the article. 
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