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Introduction

Spiral shaped fibers have a number of potentially
attractive features, and it can help to confine the
electromagnetic fields. And can be used also as a very
effective means for suppressing high order modes in large
core fiber.

Anisotropic optical fiber waveguides capable of
conserving the polarization of the transmitted signal, this
property is very important for various optical fiber devices
and for long distance optical communication systems. and
as it is known that the various anisotropic components
were used widely in optical fiber systems of transfer and
used mainly in the single-mode regime[1, 2, 3, 4].

The simplest way of reception an anisotropic optical
properties of environment in optical fiber is the voltage
creation in fibers which caused by mechanical stresses.
Such this anisotropy of optical properties called: photo
elasticity and it can appear at bended fibers in the cooled
condition. So it is very interesting to study the spiral
typical form of optical fiber, since this spiral bend is
widely used in the designing of optical cables.

Material and Methods

The vector of electrical induction D
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where ij – Elements tensor of dielectric permeability,

which Characterize the anisotropy of dielectric properties

of bent optical fiber; 0 – an electrical constant.

In work [5], the equation for tensor elements of
dielectric permeability which depend on the parameters 
and , which describe the curvature and torsion form of
spiral has been obtained according to the coordinates x, y, z
and r, , z. this equation studies the bending spiral fiber
optics and gives the analysis for tensor elements of
anisotropic optical fiber dependence in the system of

coordinate x, y, z.
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Let’s analyze the dependence of tensor elements of

ij according to the parameters  and  in the system of

coordinates r,, z. Thus the dielectric permeability tensor

̂ will take the next form [5,6], where the diagonal

elements rr ,  and zz are determined by the ratios:

 ;rrr    (3)

  22222 coscos2 rrrrzz   . (4)

The non-diagonal elements 0 zrrzrr   ,

rzz    . (5)

In (3–5) parameters  and  are defined as follows

[5]:

 22 2





R

R
,

 22 2

1

2 







R
. (6)



46

In ratio (4), the second and the third parts take in

consideration the dependence of zz on coordinates r and

, because the second and third parts happened due to
curvature and the fourth part because of the torsion of the
spiral.

The physical sense of tensor elements of dielectric

permeability ij for the bending spiral optical fiber is

conducted according to the connection of these elements
with the functions of the metric elements of the
deformation, which caused by the curvature and torsion of
the spiral.

The physical sense of tensor elements of dielectric
permeability ij for the bending spiral optical fiber is

conducted according to the connection of these elements
with the functions of the metric elements of the
deformation, which caused by the curvature and torsion of
spiral [7,8,9]. Thus the elements of ij which locate on the

main diagonal tensor (2), represent the distribution of
dielectric permeability along i axis, which caused by
mechanical deformations in this direction (compression or
stretching). The positive values of deformation tensor
components correspond to compression [5], that results in
increasing of ij in a direction of the given coordinate.

The stretching leads to reduction of the elements of ij

along the given coordinate.
To study the dependence of tensor components ij on

the bend parameters R and , we make a calculation for ij

elements at  = 50 ; 100 mm ,and R = 5; 7,5; 10 mm
depending on r and  coordinates, this calculation is given
in Table 1.

Fig. 1 show the dependence of zz on  and other

values of ij components of pure quartz optical fiber at 

=1.55 m, R =5 mm,  =50 mm. Thus curve 1 corresponds
to coordinate r = 1 m, the curve 2 corresponds to
coordinate r = 2.5 m. And the component z = 9.00910-

5 at r = 1 m. and when r = 2.5 m, the component z =

2.252310-4.

Table. 1. Dependence
410),,,(   rRzz

5 7.5 10 R mm

50 100 50 100 50 100  mm


,

d
eg

re
e.

1 2.5 1 2.5 1 2.5 1 2.5 1 2.5 1 2.5 r m

0 -1.12 -2.84 -0.36 -0.9 -1.26 -3.14 -0.49 -1,21 -1.23 -3.06 -0.57 -1.42

15 -1.1 -2.73 -0.34 -0.87 -1.21 -3.03 -0.47 -1.17 -1.19 -2.96 -0.55 -1.37

30 -0.98 -2.45 -0.31 -0.78 -1.09 -2.72 -0.42 -1.05 -1.06 -2.65 -0.49 -1.23

45 -0.8 -2.0 -0.26 -0.64 -0.89 -2.22 -0.35 -0.86 -0.87 -2.17 -0.4 -1.0

60 -0.57 -1.42 -0.18 -0.45 -0.63 -1.57 -0.24 -0.61 -0.61 -1.53 -0.29 -0.71

75 -0.3 -0.73 -0.1 -0.23 -0.33 -0.81 -0.13 -0.32 -0.32 -0.79 -0.15 -0.37

90 0 0 0 0 0 0 0 0 0 0 0 0

105 +0.3 +0.73 +0.1 +0.23 +0.33 +0.81 +0.13 +0.32 +0.32 +0.79 +0.15 +0.37

120 +0.57 +1.42 +0.18 +0.45 +0.63 +1.57 +0.24 +0.61 +0.61 +1.53 +0.29 +0.71

135 +.,8 +2.0 +0.26 +0.64 +0.89 +2.22 +0.35 +0.86 +0.87 +2.17 +0.4 +1.0

150 +0.98 +2.45 +0.31 +0.78 +1.09 +2.72 +0.42 +1.05 +1.06 +2.65 +0.49 +1.23

165 +1.1 +2.73 +0.34 +0.87 +1.21 +3.03 +0.47 +1.17 +1.19 +2.96 +0.55 +1.37

180 +1.12 +2.84 +0.36 +0.9 +1.26 +3.14 +0.49 +1.21 +1.23 +3.06 +0.57 +1.42

Fig. 1. The dependence zz on 
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From Fig. 1 we can notice that when the dependence

of zz on  is more expressed, then the coordinate r will

be bigger.

The second and third parts in ratio (4), which

represent (  cos..2 r ) and (  222 cos..r ) form the

basic contribution to change zz of anisotropic optical

fiber in comparison with  r of isotropic optical fiber.

But the rank of the fourth part ( 22 .r ) in ratio (4) differs
on (10-6 and 10-3) from ranks of the second and the third
part. Therefore the fourth part was practically not taken
into account at the values of parameters R = 5; 7,5; 10 mm,
and  = 50; 100 mm.

For this reason and at any values of coordinate r ,the

value zz of anisotropic optical fiber which bent on spiral

will be coincide with  isotropic optical fiber if  =90

and 270.

Generally the dependence of zz on coordinates (R,

, r , ) can possibly be presented as following :

    rzz , (7)

222222 coscos2 rr   , (8)

where zz depends only on the four parameters (R, , r ,

) and does not depend on the length of a wave  .

Results

The calculation of  for various values R, , r

depending on  is made, these results are given in the
Table 1.

From Table1 we notice, that zz is symmetric but

with opposite sign concerning coordinate  =90. Except
that in bottom section of  axis (from180 to 360) the

zz will be mirror display (similar for  axis from 0 to

180). So in this table the values  are given only in the

specified interval of changes . This expression is right

and corresponds with ratio (8) when 022 r .
By taking into consideration the third part of ratio (8), and

the values of zz from the table.1 which their degree of

precision is 10-9 according to the vertical axis (+90 …
270) and the horizontal axis (0 … 180) the symmetric
curves of  rzz , in Fig.1 will vanish.

Thus zz depends on coordinate's r more than on

parameters  and  , which describe curvature and

torsion. Also the big values of  corresponds with the

small values of zz . With the changing of R (from 5 to

10 mm) and with the constancy of r and , the value of

zz will increase no more than 30%.

Conclusions

The values of zz which are given in Table 1 allow

to settle zz for anisotropic bent on spiral optical fiber

depending on parameters of a spiral irrespective of optical
fiber structure and for any wave length of optical radiation,
and base on the analysis of expression (4) and the
calculations, which are carried out, it’s possible to
conclude that the dielectric permeability of anisotropic
bent on spiral optical fiber changes in cross section under a
certain law. And this leads to a change in the fiber
transmission parameters, such attenuation and dispersion.
Therefore the ideal choice of optimum form of a bend

within certain limits leads to the possibility of changing the
transfer parameters (attenuation and dispersion) into a
better form.
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