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Therefore, the Birefringence of the fiber can be calculated to be
and this is very close to the theoretical results shown
in Fig. 5. This result, however, has shown lower birefringence
by comparison to that of most commercial fibers, such as panda
fibers, to be approximately
. But this fiber is more sensitive to directional force compared to other symmetrical fibers
such as panda and bow-tie fibers.
In summary, the above theoretical and experimental data have
further confirmed the potential of this specialist fiber to be used
as a sensor, for directional force measurements, which has been
published elsewhere [12]
Fig. 6. Schematic setup of Sagnac loop interferometer incorporating the special
birefringence fiber.

V. DISCUSSIONS AND RESULTS
This paper has demonstrated successfully the use of a generic
analytical method to calculate the birefringence and stress profile for non-symmetric fibers. This has been achieved through
the superposition of sectional thermo-elastic displacement potentials coupled with the calculation of the Airy stress function.
This method is generic and thus can be used for any fiber
birefringence analysis with or without the hole being filled with
materials. The simulation results obtained have shown both a
stress distribution inside the asymmetrical fiber as well as birefringence in the fiber core. In most cases non-symmetric fibers
may demonstrate similar characteristics to symmetrical fibers
when there is no external perturbation, but when non-symmetric
fibers are used as sensors, they tend to demonstrate higher sensitivity to external changes, therefore it is important to have an optimized design of the fiber structure to enable a better sensor performance and this can be achieved by using the above method.

Fig. 7. Interference pattern from the Sagnac loop interferometer.
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IV. EXPERIMENTS
In order to verify the above theoretical analysis, an experimental system, showing the potential for sensor applications, is
set up and illustrated in Fig. 6.
As shown in Fig. 6, a 320 cm length of a PM fiber and a polarisation controller were fusion spliced between the two output
ports of a directional optical coupler to form a Sagnac loop interferometer. One end of the interferometer is coupled to an optical broadband CW light source (with maximum output power
of 3.42 mW and a central wavelength of 1550 nm with 55 nm
bandwidth). The other end of the interferometer is connected to
an optical spectrum analyzer, where the interferometer pattern,
as shown in Fig. 7, can be seen.
As indicated in Fig. 7, the wavelength spacing between the
peaks
is 9.26 nm. Generally the birefringence is inversely
proportional to the wavelength separation between two output
transmission peaks of a Sagnac interferometer [9]–[11] as illustrated in (31)

(31)
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