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Optical anisotropy in fibres with irregular
cross-sections and having a skin-core structure

A. A. Hamza, T. Z. N. Sokkar, M- A. Kabeel

Department of Physics, Faculty of Science, Mansoura University, Mansoura, Egypt.

Mathematical expressions are derived for the case of two-beam interference fringes crossing fibres
having an irregular cross-sectional core surrounded by an irregular skin. These expressions are
used for the determination of refractive indices and birefringence of nylon 6 fibres. The Pluta
polarizing interference microscope was used with white and monochromatic light of wavelength
546 nm. Microinterferograms are given for illustration.

1. Introduction

Most fibres are anisotropic materials as a result of fibre spinning and drawing.
Two-beam and multiple-beam microinterferometry are used efficiently for studying
optical anisotropy in polymer fibres. These techniques were used to determine the
refractive indices and birefringence of fibres (see, for example, [I1]-[7]). Interfero-
metric studies on fibres throw light on the molecular orientation and density
fluctuations in fibres. Homogeneous and heterogeneous fibres can be studied
interferometrically [8].

Accurate results of refractive indices and birefringence measurements of fibres
having irregular cross-sections are obtained when considering the area under the
interference fringe shift representing the optical path difference integrated across the
fibres [9], [4], [5]. The two-beam interferometric technique [10], [3] is a quick
method for studying the optical properties of fibres.

The aim of this work is to describe an interferometric method to determine the
refractive indices and birefringence of every layer of heterogeneous fibres of irregular
cross-sections and having a skin-core structure using the Pluta microscope.

2. Theoretical considerations

Mathematical expressions of two-beam interference fringes crossing fibres with
irregular transverse sections and having a skin-core structure are derived. The
necessary formulae for calculating refractive indices and birefringence of the fibres
core are given.

Figure 1 shows the cross-section of a fibre having an irregular cross-sectional
core surrounded by an irregular skin. The refractive indices of the immersion liquid,
the skin of the fibre and core are nL ns and nc respectively. Using the Pluta
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Fig. 1. Fibre with irregular cross-section having a skin-core structure and immersed in a liquid of
refractive index nt. A schematic representation of resulting fringes, using interference microscope, is shown

microscope with monochromatic light of wavelength X the interference fringes suffer
shifts as they cross the fibre.
The cross-sectional area of the fibre in the X-Y plane is A and is given by

A = 5(Y,-Y Ddx, @

Y] and Y2 are the intersection points of a line parallel to Y axis with the
circumference of the fibre cross-section. This line lies in the region X N Af. The
cross-sectional area of the core of the fibre is B and is given by

B= §(Y3-Y¥)dX B

Y3 and are the intersection points of a line parallel to the Y axis, with the
circumference of the core cross-section. This line lies in the Q ¢z X ~ P. The shape of
the two-beam interference fringes in the X-Z plane crossing the fibre is derived in the
following.

If nj and na are the mean refractive indices of the fibre for plane polarized light
vibrating parallel and perpendicular to the fibre axis, respectively, then the optical
path length differences, Ar* and AT+ between the specimen and the immersion
liquid are given by:

jr, = (nil-nDt, €))
Art =(n,-ni)t @

where AT *and AFx are given in units of length (mm) and t, the mechanical thickness
of the fibre, in the same unit. Referring to Fig. 1, the optical path length difference
dP I can be expressed in the following equation:

dr, A~ QYL-Y 2-(Y3-Y Ani'-FA-Y &Hni-n(Yi-Y2, )

dP|| is also given by the formula
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where d1 - interference fringe shift inside the fibre in units of length (mm), and
h - interfringe spacing. Therefore

X'= - ={[h-1rdy*)]«; B (n-Jdk"-»ttt- Y} 0

Integrating Equation (7) in the region M ~ X ~ S gives the area under the fringe
shift F, thus

)

Therefore, the values of refractive indices of the fibre for plane polarized light
vibrating parallelly and perpendicularly to the fibre axis are given, respectively, by

+F*=(n$-nh)A+(n"-ni)B

9
~F =(nt-ni)A +(ni-nt)B

For homogeneous fibres with mean refractive index na Equation (9) can be
rewritten in the following form by putting ns=nc= na

(10)

Equation (10) was derived earlier by Hanea [5].

When applying Equation (9) to fibres having a skin-core structure, the area under
the fringe shift F, the cross-sectional area of the fibre A, the cross-sectional area of
the core B and the interfringe spacing h are measured on the interferogram. The
Becke line method [11] can be used to determine the skin refractive index ns.

3. Experimental results and discussion

Figures 2a and b give microinterferograms for nonduplicated position of nylon
6 fibres using the Pluta microscope with white and monochromatic light of
wavelength 546 nm, respectively. Figs. 3a and bare microinterferograms showing the
totally duplicated images of a sample of nylon 6 fibre obtained using the Pluta
microscope. White light and monochromatic light of wavelength X —546 nm were
used, respectively.

The described method is used to determine the refractive indices and birefrin-
gence of both the skin and core of nylon 6 fibres. The results are given in the Table.
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Fig. 2. Microinterferograms of non-duplicated images of nylon 6 fibres using the Pluta microscope with
white (a) and monochromatic (b) light of wavelength A = 546 nm, respectively

Fig. 3. Microinterferograms Rowing totally duplicated images for a sample of nylon 6 fibres using white
(a) and monochromatic (b) light of wavelength A= 546 nm, respectively
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Refractive indices and birefringence of skin and core of nylon 6 fibres using white light* (nL= 1.5810 at
22°C)

Area under the fringe shift

x 10-4 [mm]2
fl X 1U Ax 10-4 [mm]2 Bx 10~4 [mm]2
F1 F1
16 20 293 7.068 4.18
Refractive indices Refractive indices
and birefringence of skin** and birefringence of core
n'l ni nt »l ng e
1.5808 1.5303 0.0505 1.588 1.534 0.054

* The wavelength A= 550 nm is taken as an average for white light.
** Measured by the Becke line method.

4. Conclusions

Two-beam interference microscopes with the derived formulae present suitable
methods for studying optical anistropy in fibres of irregular cross-sections and
having a skin-core structure. Refractive indices and birefringence of homogeneous
and heterogeneous fibres having regular or irregular cross-sections can be deter-
mined by two-beam microinterferometry. The range and detail of the structural
information provided by the interferometric methods are of great potential impor-
tance in quality control in the fibre and textile industries.
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OnTNYecKas aHM30TPONUs B Mbpax CTPYKTYpPbl CEPAEUHNK-CKUH-CMON C Heperynsp-
HbIM CEUYEHMEM

BBefeHbl MaTeMaTM4YeCKMe BbIPXEHUS AN Cay4das MofoCOK ABYX/y4eBOW WMHTepdepomMeTpun npu
nepeceyveHHbIX M0JI0CaX HEPEryIiPHOro CeYeHUs CepAedHNKa U HeperynsapHOro CKUH-CIos. 3TU Bblpaxe-
HUA MPUMeHseTCa ANA onpefeneHvs KoapduumeHTa MpenoMneHns WU LBOWHOrO Jsy4venpesioMaeHuns
B (hnbpax HelisioH 6. MNpuMeHeH MONAPU3aLMOHHO-MHTEPEPEHLMOHHBIR MUKpocKon MAThl ¢ 6enbim
N MOHOXPOMaTU4YeCKUM CBETOM [/IMHbI BOSIHbI 546 NT. N8 unnawcTpaunumn faHbl MUKPOUHTepdepo-
rpaMmbi.



