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Propagation of broadband optical radiation in a spun

high-birefringent fibre

Ya.V. Przhiyalkovsky, S.K. Morshnev, N.I. Starostin, V.P. Gubin

Abstract. The evolution of the polarisation state of the broadband
optical radiation, propagating through a spun high-birefringent fibre
is studied. A theoretical model describing the polarisation state of
the radiation in the spun fibre depending on the input polarisation
parameters is developed. The model is based on the geometric analysis
of the polarisation states of the spectral components of the radiation
on the Poincare sphere. It is shown that when the propagation path
length of the radiation in the optical fibre exceeds some value (the
coherence length), the spectrum-averaged polarisation state of the
output light is determined only by the parameters of the spun fibre,
while the degree of polarisation of the output radiation depends on
the input polarisation state.

Keywords: optical fibre, spun fibre, polarisation of radiation.

1. Introduction

Optical spun fibre was proposed in 1989 [1] as a sensitive ele-
ment for an electric current and magnetic field sensor on the
base of Faraday magnetooptical effect [2—4]. Spun fibre is
fabricated by drawing from a rotating preform with strong
built-in linear birefringence (BR). Due to the helix structure
of the built-in linear BR axes [5] in spun fibres, a compromise
is achieved between the high magnetooptical sensitivity and
its stability with respect to fibre deformations, e.g., bending
[1,5-7]. Theoretical analysis shows that to suppress the influ-
ence of bending-induced linear BR on the fibre sensitivity, the
built-in linear BR of the helix structure should be 30 times
greater [5]. Thus, for dealing with loops less than 5 mm in diam-
eter the required beat length of the built-in BR should not
exceed 1 mm [6]. Such parameters can be provided by micro-
structure spun fibres [§—10]. However, the pitch of the helix
structure, required to suppress the already built-in linear BR
and make the Faraday effect observable, is usually techno-
logically limited from below at the level of 2—3 mm. Under
such conditions the polarisation states (PS) of light, propa-
gating along the spun fibre, may evolve via the states having
the ellipticity, rather far from that of circular PS [8].

This gives rise to a number of problems, when using the
microstructure spun fibres in a reciprocal reflective interfero-
meter [2] of a current sensor. One of these problems is the
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reduction of the informative component of light under reflec-
tion from the interferometer mirror, since the reflection does
not transform the elliptic PS into an orthogonal elliptic state
(as it occurs, e.g., with circular PS). As a result the contrast
(the visibility of interference pattern) of the interferometer is
reduced [8], which leads to the reduction of the dynamic range
of the electric current sensor.

It is known (see, e.g., [1]) that in order to increase the accu-
racy of electric current measurements with a reflective interfer-
ometer it is necessary to use relatively broadband sources of
optical radiation. Thus, near 1.55 um the spectral width of the
sources amounts to 20—25 nm. Therefore, in the studies of fac-
tors affecting the contrast, it is important to take the nonmono-
chromaticity of the source radiation into account. However,
currently in the literature the PS evolution in a spun fibre is
thoroughly considered only for monochromatic radiation [5, 7,
11]; while the influence of the spectral width, as a rule, is taken
into account only phenomenologically. Worth noting is paper
[12], in which the theory is developed to describe the coupling
of orthogonal polarisation modes of optical radiation, caused
by random torsions in a polarisation-maintaining optical
waveguide. In principle, this theory removes the limitations,
imposed on the fibre parameters and the spectral characteris-
tics of the source in numerical calculations of the light PS evo-
lution in a long fibre, but the analysis of spun waveguides using
this theory was not carried out.

Another problem that requires a detailed study is depolari-
sation of broadband light in a spun fibre of sufficiently large
length and its dependence on the input polarisation. The study
of depolarisation of linear polarised light in a spun fibre, car-
ried out in [13], has shown that the residual polarisation of
light at the output of a long segment of the fibre does not
depend on the input polarisation; however, the details of this
process are studied insufficiently.

The aim of the present paper is to investigate theoretically
and experimentally the evolution of spectrally averaged PSs
of broadband light during its propagation through a spun
fibre with strong built-in BR.

2. Theory

2.1. Fundamentals of theoretical analysis of spun fibres

The description of polarisation parameters of light waves,
propagating in optical fibres, often uses the formalism of dif-
ferential Jones matrices. The evolution of the Jones vector,
characterising the PS of light radiation, in this case may be
described by the differential equation

dE

Ez NE, (1)
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where E is the Jones vector, consisting of complex amplitudes
of the components of the wave electric field strength and N is
the differential Jones matrix of the optical fibre.

The differential Jones matrix for a rectilinear segment of
a spun fibre in the basis of the circular PS is expressed as [5]

i% i%ﬂexp(—ilfz)
NC(Z) = . Aﬂ . .y 9 (2)
1Texp(12<§z) -5

where y is the growth rate of phase delay between the waves
with orthogonal circular polarisations due to Faraday effect;
AB =k, -k, =2m/Ly is the growth rate of phase delay between
the waves with orthogonal linear polarisations, determined
by the built-in linear BR with the beat length L;; & = 2n/L,,,
is the frequency of spatial rotation of the axes of built-in linear
BR with the helix pitch Ly,; and z is the coordinate along the
fibre axis.

To describe the PS of radiation, it is convenient to use the
formalism of its representation on the complex plane [14].
Each point of this plane corresponds to a complex number,
which is a ratio of the Jones vector components. In the basis of
circular polarisations, in which E, and E, are the Jones vector
components, the polarisation state is represented by the point
xe = E//E, of the complex plane. The zero of the coordinate
system of the complex plane and the infinity correspond to
the basis polarisation states.

A one-to-one correspondence exists between the points of
the plane and the points of the sphere, to which this plane is
tangent (the Poincare sphere) [14, 15]. The basis polarisation
states on the Poincare sphere are located at the tangency
point and the antipode one. In the basis of circular polarisa-
tion the south pole of the Poincare sphere represents the left-
hand circular PS, while the north pole represents the right-hand
circular PS, and at the equator the linear PS with different
azimuths are mapped. The circles of equal latitude, parallel to
the equator, represent the variety of the PSs with equal ellip-
ticity, while the arcs of equal longitude correspond to the PSs
with equal azimuths.

It is known that the transformation from the circular PS
coordinate system to an arbitrary elliptical PS coordinate sys-
tem can be implemented by two rotations of the Poincare
sphere: first, by the angle a about the axis, connecting the
points of the circular PS, and, second, by the angle ¢ about
the axis, connecting two points of the orthogonal linear PS
with the azimuths £7/4 [16] (see Fig. 1). The final transforma-
tion matrix is a product of the appropriate rotation matrices
and has the form

T'=T(p,a)=Txp)T\(a)

B exp(i%)cos%
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In the new coordinate system with the Jones vector compo-
nents £, and E, the representation of the PS on the complex
plane will be determined by the number y. = E,/E,. On the
Poincare sphere, built on this plane, the basis PS are again
located at the poles; however, in the new coordinate system
they are elliptical.

Figure 1. Motion of PS points on the Poincare sphere as a result of
transformation to the rotating system of coordinates.

2.2. Evolution of polarisation of monochromatic light in a
spun fibre, described in the rotating reference frame

Let us study the PS evolution of the monochromatic light
radiation in a spun fibre. It is convenient to consider the
transformation of complex amplitudes of the electric field
vector in the helical coordinate system, accompanying the
axes of the built-in linear BR of the spun fibre. In the space of
the PS, mapped by points on the Poincare sphere, we will
refer to it as the rotating coordinate system.

Let the slow axis of the built-in linear BR of the spun fibre
be horizontal at the initial point. In this case on the Poincare
sphere the BR vector is directed towards the horizontal linear
PS. Let us perform the transformation from the laboratory
system of circular PS coordinates to the one, rotating with the
frequency 2&, by substituting the angle ¢ = a(z) = -2£z and a
certain angle 0 < ¢ < 1/2 into the transition matrix (3) (Fig.1).
From the dependence a(z) of the angle of rotation about the
vertical axis, which is the axis of rotation of the linear BR vector,
it is seen that the new coordinate system rotates with respect
to the laboratory one together with the vector of the built-in
linear BR with the frequency of its rotation 2£. The evolution
equation for the electric field vector (1) with Eqn (3) taken
into account has the form:

d Eu d Er d7T - - E"
)= lrle) -t merfz) @

Performing the matrix multiplication, we arrive at the
equations describing the Jones vector variation in the new
coordinate system:

dE,/dz\ . y\[ cosp —sing

(dEU/dz> - ll(g + 7)(—sin<p —cos<p)

E,
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From Eqn (5) it follows that if the angle ¢ is taken such that

.Aﬁ( sing —cos<p)
+1—— .
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then the PS evolution equation in the rotating coordinate sys-
tem of the elliptical PS can be expressed in the simple form:

dE,/dz\ .o/l 0\[E, E,
(dEu/dz> - 17(0 —1>(Ev> - N(E) "
where
2712
Q:(2§+y)l+<2§fy) )

By integrating Eqn (7) we obtain the Jones matrix for a
rectilinear spun fibre in the rotating coordinate frame

- Q
exp(i=- 0
(Eu(z))_ (i) (Eu(O)). o

E’U(Z) 0 CXp<—i%Z> Ev(O)
In the complex plane the polarisation state is expressed by
the variable

2e(2) = ‘28 = 1e(0)exp(~i€Qz).

(10)

Equation (10) describes the motion of the PS point in the
complex plane in the rotating coordinate frame of the elliptic
PS along the circle, having the radius |y.(0)|, with the fre-
quency £ and the centre at the zero point, corresponding to
one of the basis PS of the rotating coordinate frame.

From the character of the transformation to the rotating
coordinate system of the elliptic PS it is seen that the points of
its basis PS lie on the Poincare sphere in the plane, containing
the vector of built-in linear BR and the axis of its rotation. In
the laboratory system of the circular PS these points rotate on
the Poincare sphere together with the vector of the built-in
linear BR about the axis of its rotation with the frequency 2&
at the constant latitudes y = £(%/2 — @), where ¢ is deter-
mined by the parameters of the fibre, entering Eqn (6). The
axis, passing through the points of the basis PS of the rotating
coordinate system, may be called the instantaneous axis. Hence,
in the laboratory system of coordinates the motion of the PS
point is a combination of two rotations, namely, the PS point
rotates with the frequency Q about the instantaneous axis,
which, in turn, rotates with the frequency 2¢ of the built-in BR
rotation about the axis, connecting the points of the circular
PS. Note, that the spatial frequency of rotation Q is equal to
twice the frequency, defined in Ref. [13], which is due exclu-
sively to the difference in definitions.

The pitch of the helix of the axes of built-in linear BR
Ly, = 2w/& usually amounts to a few millimetres. In compari-
son with it, the beat length of circular BR, introduced by the
Faraday effect, Ly = 2nt/y in practice is sufficiently large, i.e.,
y << &. Therefore

AR AB _ Ly

tangp =

Wy Y 2E T2, T an

The ratio of the helix pitch to the doubled beat length of
the built-in BR, denoted by o, is a parameter, important for
further analysis of spun fibres.

2.3. Propagation of broadband light in spun fibres

Consider the propagation of radiation with broad spectrum
through a spun fibre. All formulae of Section 2.2 keep valid
for each wavelength that determines the spectrum of light
entering the fibre. However, now one should take into
account that the Verdet constant [17], to which the circular
BR induced due to the Faraday effect is proportional, as
well as the built-in linear BR, become dependent on the
wavelength. Since, as mentioned above, y << &, and these
two quantities enter all expressions in the form of a sum, the
dependence of y on the wavelength can be neglected with high
accuracy. The beat length of the built-in linear BR is propor-
tional to the wavelength of light [8] Ly(4) ~ A. In this case the
angle ¢, by which we rotate the Poincare sphere performing
the transformation to the rotating coordinate system of the
elliptical PS [see Eqn (6)], is, in turn, a function of the wave-
length. Consider a rectangular radiation spectrum with the
centre wavelength Ay = 1550 nm and the width AA = 20 nm.
Let Ly(Ag) = 2n/AB(Ayg) = 1.7 mm; L, = 2.68 mm,; then the
angle ¢ varies from ¢,;; = ¢ (4 = 1540 nm) = 37.86° t0 ¢ax =
@(A = 1560 nm) = 38.22°. Thus, the angle ¢ very weakly
depends on the wavelength, and in the first approximation it
may be treated as constant ¢ = ¢p(4).

Consider the evolution of polarisations of individual spectral
components of the broadband radiation on the complex plane
in the rotating coordinate system of the elliptical PS. The
complex variable of the polarisation state becomes a function
of the wavelength:

Ke(A,2) = x(0) exp[-1L2(1)z]

(]

(12)
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From Eqn (12) it is seen that the PS point rotation fre-
quency for each spectral component about the origin of coor-
dinates depends on its wavelength. At the fibre input the PS of
all components are similar and equal to the initial one. As the
radiation propagates along the fibre, the set of PS points of
the spectral components spreads from one point onto an arc
of the circle of the radius |y.(0)|, the length of which increases
with the length of the fibre. At a certain distance from the
fibre input the arc closes up into a circle, then the second
revolution occurs, etc. If we complete the complex plane with
the third coordinate displaying the wavelength, then the set
of points will be represented by a helix (Fig. 2), the number of
helix turns (and, respectively, its length) growing with the length
of the fibre z. In the case of small spectral width (A1 << A,) the
rotation frequency Q2 linearly depends on the wavelength A:

= %.(0) eXP{—i(2E +7)

12
Q0 = g 41+ ulk)

267—”/ (20& +1- aéi),
gy + 1 Ao

(13)
where 0y = L,,/2Ly(Ap) is the parameter of the spun fibre at
the centre wavelength A,.

The phase difference between the polarisation points at
the boundary wavelengths of the spectrum is determined by the
difference of their rotation frequencies AQ = Q(4, + AL/2) —
Q(Ay—AA/2). From here one can derive the dependence of the
number of turns K(z) on the distance:
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Figure 2. Set of PS points on the complex plane as a function of wave-
length.
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K(z) =82, CE+9T AL (14)

The length of the spun fibre, at which the set of PS points
of the spectral components of the propagating broadband
radiation closes up into a circle, will be referred to as the
coherence length L. Assuming that K(L.,) = 1, we get

Lop= 28 Voi+l o (15)
T 264+y g AL

Therefore, the PS points of all spectral components of the
broadband light, entering the fibre, after passing the distance
z > L, along the fibre, become uniformly distributed along
a single circle centred at zero and having the radius | y.(0)]
in the basis of the elliptical PS. For the radiation spectrum
with 4y = 1550 nm and AA = 20 nm and the fibre with Ly =
1.7 mm and L, = 2.68 mm the coherence length amounts to
Lcoh =21 cm.

In the previous section it was shown that on the Poincare
sphere the points, corresponding to the basis PS of the rotat-
ing coordinate frame, define the instantaneous axis that
rotates together with the vector of built-up linear BR about
the axis of its rotation with the frequency 2&. The set of PS
points of the spectral components of the broadband radia-
tion, equidistant from the basis points for the rotating PS
coordinate system, is a circle on the Poincare sphere, the axis
of which is the instantaneous axis (the UV axis in Fig. 3). The
mean value of this PS distribution over the wavelengths, or
the ‘centre-of-mass’ of the PS point set, lies on the instanta-
neous axis inside the sphere at a certain distance OP = p from
its centre (the residual nonuniformity of the distribution being
neglected). The ratio of this distance to the radius of the
sphere P = p/R equals the degree of polarisation [14] of light,
the expression for which will be derived below.

When the ellipticity and the azimuth of the input PS are
varied, the set of different circles, containing the PS points for
different wavelengths, is a family of different concentric cir-
cles of the Poincare sphere, centred at the instantaneous axis.
Therefore, the segment, connecting the points of intersection
of the instantaneous axis UV with the Poincare sphere, is the
set of mean values of the PS distributions, or the set of centres of
these circles. All these mean states possess the similar ellipticity
and azimuth; they differ by the degree of polarisation only.

RO

DN A OY

LOQ

Figure 3. Computer modelling of the PS evolution for a spectral com-
ponent of broadband light in a spun fibre.

Hence, it is possible to draw an important conclusion,
namely, at z > L.y, the mean PS output from a segment of a
spun fibre (within the orthogonal PS) does not depend on the
input polarisation state, which determines only the degree of
the output radiation polarisation. The mean PS has the ellip-
ticity, determined by the fibre parameters, e = tan(y/2) =
Vo’ + | — ¢ and the azimuth, coincident with the azimuth of
one of the axes of the built-in linear BR. Let us refer this ellip-
ticity as the eigenellipticity of the fibre with the given spun
fibre parameter 0. The dependence of eigenellipticity on the beat
length of the built-in linear BR is plotted in Fig. 4. We should
emphasise that, strictly speaking, in spun fibres no true polar-
isation eigenstates conserved along the entire length of the
fibre exist, since the azimuth of the mean PS rotates together
with the axes of the built-in linear BR. Only the degree of
polarisation P of the output radiation depends on the input
polarisation state.

Let us find the dependence of the polarisation degree for
the broadband light radiation on the input PS at z > L. The
simple distribution of the PS on the Poincare sphere, lying on
a circle (see Fig. 3), allows derivation of this dependence from
the geometric drawing.

Ellipticity

0 2 4 6 8 10 12 14 16
Beat length/mm

Figure 4. Dependence of eigenellipticity of the spun fibre on the beat
length of the built-in birefringence at different helix pitches L, = 1-4.5 mm.
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Consider the section of the Poincare sphere in the labora-
tory coordinate system of the circular PS, containing the
instantaneous axis UV and the vector of built-in linear BR AB
(Fig. 5). Let the input PS have the given ellipticity e = tan(e) =
tan(y/2). On the Poincare sphere the set of points with fixed
ellipticity and different azimuths forms a circle of equal lati-
tude ¥ (in Fig. 5 the projection of this circle onto the section
is the segment H,,, Hin). The plane of the circle, on which
the output PS points with different wavelengths will lie, is
tilted by the angle ¢ with respect to the equator plane. Both
circles intersect at the input PS points, H,, being the projec-
tion of these crossing points. When the azimuth of the input
PS 6 is changed, the circles, on which the output PS points lie,
will change, too. The projections of the circles, on which the
PS points lie, onto the section, presented in Fig. 5, are segments,
perpendicular to UV. The centres of the circles lie on the
instantaneous axis UV. With variation of the input PS azi-
muth, the centre P will move from the point P, to the point
P (see Fig. 5), the degree of output polarisation P being
calculated by division of p (the length of the segment OP) by the
sphere radius [14]. After simple geometric calculations we get:

1 + ocoty cos 26
Py.0) = = v

= . 16
R 1/(1+ ) + cot’y) (16)

Hmax R

v Hmin
Pmax H o
P
Pmin w
« DB ¢
B (6]
U
L

Figure 5. Section of a Poincare sphere in the laboratory coordinate system
of the circular PS, containing the instantaneous axis UV.

The plot of the dependence of the degree of output polari-
sation on the azimuth of the input polarisation at different
ellipticities for the spun fibre with the parameters Ly, = 1.7 mm
and L, = 2.68 mm is presented in Fig. 6.

Of particular interest are the dependences of P on the
azimuth of the input polarisation for three types of polarisa-
tion — linear, circular and elliptical — with similar eigenellip-
ticity, inherent in the considered spun fibre. In the case of
linear input polarisation P depends on 6 as the cosine modulus.
When the axis of the input polarisation coincides with one of
the axes of the built-in linear BR of the spun fibre at the input,
the degree of the output polarisation has a maximum, the
value of which is determined by the spun fibre parameter o,
and if the angle between the polarisation axis and the axes of
the fibre amounts to 45°, then P decreases to zero. In the case
of the circular input PS the degree of output polarisation, as
expected, does not depend on the azimuth of the input PS and
is determined by the parameter ¢. Finally, if the radiation
input into the spun fibre possesses ellipticity, equal to the

100

30 =90

60

40

Degree of polarisation (%)
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140 160 180
Angle/deg
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Figure 6. Dependence of the output radiation polarisation on the azimuth
of the input polarisation at different latitudes of the input polarisation
W on the Poincare sphere for the spun fibre with the parameters L, =
1.7 mm and L, = 2.68 mm.

eigenellipticity of the fibre, and the azimuth, coincident with
that of one of the axes of the built-in linear BR at the input,
then the degree of polarisation P remains equal to 100%, i.e.,
the degree of polarisation of light remains constant in the
course of propagation along the fibre. In Fig. 5 this situation
corresponds to the case, when the circle, on which the set of
the PS points with different wavelengths lie, degenerates into
a single point on the Poincare sphere.

3. Experiment

3.1. Measuring the helix pitch of the spun fibre

In Section 2.3 it was shown that the broadband light in a spun
fibre propagates with a definite mean ellipticity, and the azimuth
of the mean ellipse of polarisation 6 grows along the fibre
with the frequency of rotation of the built-in linear BR axes.
This fact offers an opportunity to determine the helix pitch of
the built-in linear BR using the chipping method, i.e., measuring
the azimuth 6 before and after chipping a segment of a fibre
with the length L. In this case the helix pitch is L, = 2rnL/A6.

The schematic diagram of the experiment is presented in
Fig. 7. The linearly polarised radiation with the spectral width
20 nm and the centre wavelength 1550 nm was introduced
into the studied segment of microstructure spun fibre with the
length 15 m and the calculated pitch of the helical structure
3 mm. The azimuths of the mean PS before and after chipping
a small segment of the fibre were measured using a rotating
analyser.

Polariser
— — |

Erbium-
doped source

Hi-Bi
fibre

Spun
fibre

Analyser

Figure 7. Schematic diagram of measuring the pitch of the spun fibre
helix.

The results of a series of measurements, performed with
the sample of microstructure spun fibre, are presented in
Table 1, from which it follows that the mean pitch of the helix
is Ly, = 2.68 mm.
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Table 1. The results of measurements of the pitch of the spun fibre helix.

Number of Length of Angle of azimuth ~ Helix
measurement  chipped fibre/um  rotation/deg pitch/um
1 100015 135+2 2670£80
2 80015 106+2 2700+100
3 90015 12242 2660+90
4 460£15 63+2 2640+170
5 56015 74+2 2740+ 140
6 625+15 84+2 2680+130
7 590+15 7942 2680+ 140

3.2. Measuring the dependences of the output polarisation
degree upon the azimuth of input polarisation

The schematic diagram of the experiment is shown in Fig. 8.
The erbium-doped fibre source with the operating wavelength
1550 nm and the spectral width 20 nm was used as a source of
radiation. The radiation output from the polariser excited one
of linearly polarised modes of the Hi—Bi fibre. The radiation
with three different PSs was introduced by turn into the stud-
ied microstructure fibre: first, with linear and circular polari-
sation, and then with elliptical polarisation (with the elliptic-
ity, equal to the eigenellipticity of the given Hi—Bi fibre). To
provide the input of linearly polarised radiation into the spun
fibre, the output end of the Hi—Bi fibre and the input end of
the spun fibre were fixed in the device, intended for oriented
splicing of fibres. The device allowed rotation of the output
end of the Hi—Bi fibre around its axis, thus changing the azi-
muth of the input radiation PS with respect to the axes of the
built-in linear BR at the input of the spun fibre. The degree of
polarisation of the radiation at the output of the spun fibre
was analysed with the polarisation meter, consisting of the
rotating A/4 plate and analyser [13]. In Fig. 9 the results of
measuring the polarisation degree at different azimuths are
denoted by squares, the dashed line is the theoretical curve,
obtained using Eqn (16) at the latitude of the input PS on the
Poincare sphere ¥ = 0 and the parameter of spun fibre o =
0.79.

Splicing
device
. Polariser Sp un
Erbium- _: AR fibre
doped source Hi_Bi- | =
fibre
Meter of
polarisation

degree

Figure 8. Schematic diagram of measuring the dependence of the out-
put polarisation on the azimuth of the input polarisation.

To introduce the radiation with circular polarisation into
the studied spun fibre, a fibre A/4 retarder was spliced to the
output of the Hi—Bi fibre. The attachment of the 1/4 retarder
to the input of the spun fibre was also implemented using the
device for oriented splicing of fibres. The measured depen-
dence of the polarisation degree on the azimuth in Fig. 9 is
shown by triangles; the dashed line shows the result of calcu-
lation using Eqn (16) for the latitude y = 87° and the param-
eter 0 = 0.79.

As seen from the Figure, the experimental results in the
cases of linear and circular polarisation agree with the theory
quite well. Therefore, to a certain degree of accuracy one can

100
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Figure 9. Dependence of the output polarisation degree on the angle
of axial rotation of the input fibre in the splicing device at different PSs of
input radiation: linear polarisation (squares — experiment, dashed line —
calculation), circular input polarisation (triangles — experiment, dashed
line — calculation), elliptic input polarisation (circles — experiment, solid
line — calculation).

assert that for this sample of fibre is 0 = 0.79, and, respec-
tively, the eigenellipticity latitude on the Poincare sphere is
1y = 52°. Taking into account the pitch of the helix, measured
in Section 3.1, the beat length calculated using Eqn (11) is
found to be L, = 1.7 mm.

Of particular interest is the experiment, in which the studied
microstructure spun fibre was excited by the radiation with
the ellipticity, coincident with the eigenellipticity of the given
fibre. For this aim the fibre A/4 retarder was shortened so that its
length became L, = (52°/90°)L;;4 = 0.57L;4. In the present exper-
iment the length of the fibre /4 retarder was L, = 1.7 mm, so
the retarder was shortened by 0.43L;,, = 0.73 mm, after which
the degree of polarisation of the radiation, output from the
spun fibre, was measured at different azimuths of the input
radiation. In Fig. 9 the results of these measurements are
denoted by circles, and the solid curve shows the theoretical
results. It is seen that at a definite azimuth of the input polar-
isation with respect to the axes of the built-in linear BR of the
spun fibre at the input the degree of polarisation of the output
radiation approaches 100%, which corresponds to the case
of propagation of broadband radiation without loss of the
polarisation degree, considered above.

4. Conclusions

The evolution of the PS of broadband light upon its propaga-
tion in a spun fibre with high built-in linear BR is studied. The
theoretical model, describing the parameters of the PS of the
radiation output from a segment of a spun fibre for the arbi-
trary PS of light at the input, is developed. The model is based
on the summation of contributions of monochromatic com-
ponents, distributed within the spectral width of the input
radiation. The analysis uses the formalism of differential Jones
matrix and the representation of the PS of light on the Poincare
sphere. It is shown that when the propagation length exceeds
some critical value (the coherence length), the mean PS of the
polarisation distribution of the spectral components of the
broadband light at the output of spun fibre segments (within
the orthogonal PS) does not depend on the state of input
polarisation. The mean PS has the ellipticity determined by
the fibre parameters (mentioned as eigenellipticity) and the
azimuth, coincident with the azimuth of one of the built-in



Propagation of broadband optical radiation in a spun high-birefringent fibre

173

linear BR axes. In this case only the degree of polarisation of
the output radiation depends on the input polarisation state.
The conditions of excitation are found, under which the degree
of polarisation keeps constant and equal to 100% along the
fibre. The criterion is found defining the minimal length of a
spun fibre segment, for which the presentation of the output
radiation PS described above is valid. This length (the coher-
ence length) is determined by the spectral bandwidth of the
radiation and the spun fibre parameters. Theoretical results
are confirmed by experimental measurements.
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