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With the recognition of the property of orbital angular
momentum (OAM) in a light beam and its potential for
exploitation for practical uses, the interest in the study of
OAM modes of a beam of light in free space or in a
dielectric waveguide such as a multimode fiber has
increased dramatically [1,2]. One of the possible
applications is in the commercial field of telecommunications
where it can provide multifold increase in traffic flow within a
fiber. The idea is to stack traffic into different OAM modes
which is possible due to their orthogonality. Consequently, a
number of experimental studies are being conducted to
prove its efficacy. The biggest drawback is the mixing of
these modes due to fiber imperfections like ellipticity (i.e.,
deviations from perfect roundedness) and unavoidable
bends in fiber which can be sporadic and constitute the
biggest source of mode-mixing.

The impact of bending a fiber on OAM modes propagating
down the fiber has been studied in the past in a laboratory
environment via the turning of paddles of a polarization
controller (POLCON). While these effects have been well
documented [3], e.g., OAM mode of parameter “l” changing
from -1 to +1 or vice versa via the manipulation of the
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paddles of the POLCON, no detailed theoretical models to
quantify these effects have been presented to date.

 

Example Approaches:

The common approach to deal with this problem is to use the
weakly guiding approximation and the model of bent fiber as
given in [4].  The wave form in the outer part of the bent fiber
travels faster than in the inner part leading effectively to wave
propagation in a straight fiber with a modified refractive index
which varies radially and azimuthally. This deviation in the
refractive index can then be treated as perturbation [5] to solve
for mode-mixing. This model is limited to bends in the same
plane as the straight sections of the fiber and thus does not
encompass the twisting of the fiber suffered as the paddles of
the POLCON are rotated. Additional approaches could include
research to develop:

A detailed theoretical model of a straight fiber bending into a
circular loop of a given radius and tilted at a fixed angle in
space would allow prediction of the impact of this
configuration on an OAM mode of a given OAM value of l
corresponding to propagation in a straight fiber as a function
of the tilt angle measured from the vertical axis of the
original loop. The tilt angle in general is specified by a polar
angle and an azimuthal angle.

Extension of the model to multiple circular loops with the
same center.

Extension of the model to a succession of connected loops
having a different center as in a POLCON.

Extension of the model to an elliptical loop.

The above sub-statements of the problem are a suggestion
and serve as a guide. It is well-known that input polarization
in a single mode fiber (l =0) changes in a bent fiber, but this
is generally ascribed to the stress and strain experienced by
the fiber. Polarization of a light beam is in general a linear
superposition of left-circular polarization (S=+1) and right-
circular polarization (S=-1), where S refers to the spin
angular momentum per photon of the beam in units of
h/(2π). Recent experiments have shown that for high l
values (in one example, l=18 in a multimode fiber), the input
polarization (left or right circular) remains unaltered when
the POLCON paddles are moved. Is it possible that the
current thinking about the cause of the polarization change
attributed to stress and strain is not correct and perhaps the
developed model can explain this phenomenon? Note that in
the weakly guiding approximation, the total angular
momentum J separates into its two components, l and S,
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facilitating easier analyses.
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