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The propagation constant expression and the field distribution by employing the boundary conditions
and QWS condition have been derived. The longitudinal and azimuthal fields have been discussed by the
simulation method. We have mainly analyzed the HE;; mode and figured out the guided flux of the core.
By comparing the energy flux of different eccentricity situations, we obtain that the circular waveguide
theory may be a particular case of the elliptical one. The process of ellipse tends to split the field into
parts, which are in direct proportion to the mode orders.
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1. Introduction

The concept of Bragg fiber was first proposed in the classic
paper by Yeh et al. at 1978 [1]. Compared with conventional opti-
cal fibers, Bragg fibers possess a different propagation principle by
the bandgap (PBG) effect and very innovative characteristics, such
as the low propagation loss [2-4]. However, in most cases, it is
difficult to make perfect cylindrical Bragg fibers and other factors
may also distort the shape [5], usually into a ellipse-like one. So we
have analyzed the characteristics of elliptical Bragg fibers in this
paper.

2. Derivation of propagation constant and electromagnetic
field

The structure of elliptical Bragg fibers is shown in Fig. 1. The
elliptical Bragg fiber consists of a low-index elliptical core sur-
rounded by high and low-refractive-index layers.

The transverse refractive index distribution of elliptical Bragg
fibers is:

nCv 0<$<§1
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wherev=1,2,3,...,00.
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It is convenient to analyze it in the elliptic coordinate system,
shown as Fig. 2.

In terms of the rectangular coordinates (x,y,z), the elliptical
cylinder coordinates (&,1,2') are defined as follows:

x =c cosh(&) cos(n)

y = ¢ sinh(§) sin(n) (2)
z=27

where c is foci of the core and the eccentricity e=1/(cosh(&g)). The
solution of axial fields of the wave equation in elliptical cylindrical
system satisfies
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where p? = k? — 2, k? = w?u;e;. The transverse field components
can be derived from the axial fields as follows:
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Fig. 1. Structure of elliptical Bragg fiber.
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Fig. 2. The elliptic coordinate system.

By using the separation method, that is, E,(&, ) =R(§)®(n) from
Eq. (3), we can get:

d?o
o + (A —2qcos2n)®(n) =0 (5)
d’R
PE (A —2qcosh2E)R(E) =0 (6)

With q=c2(p? — 82)/4, so it is the same with H,.

The solution of Eq. (3) consists of radial and angular Mathieu
functions. There are two orientations for the field in elliptical fibers.
Without losing the generality, here we consider the HE mode only.
In Bragg fibers, the propagation satisfies 0 < B/kg <n.. Then, at a
general cladding interface £ = £, the axial electromagnetic field can
be expressed as

Hzo = AnCem(&, go)cem(n. qo)
{ Ezo = BmSem(&, qo)sem(1, qo) (0<&<5) (7)
and

HZ] = CmFeym(g, q1 )Cem(n’ q])
{EZ] = DmGeym(g, qq )Sem(n’ Ch) (50 < S < oo) (8)

where Ce, Se, Fey, Gey are radial Mathieu functions of the first and
second kind and ce, se are the angular Mathieu functions of the first
kind in accordance with Ref. [6].

According to the boundary conditions, we obtain:

Hzo = Hz
Ezo =En ©)
Hypo = Hypp
Eyo = Ep

The eigenvalue equation of propagation constant can be
obtained:
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These coefficients will be obtained by Simpson’s Integral
Method.

3. Analysis about the results

Here we suppose that £g=1, n.=1, ny =1.58, the major axis of
the core a=10"%m. As we know, E,, =0 at £ =&, that is to say, for
HE mode Se;;, (&9, q)=0.

Let m=1, we get the first few parametric values of HE modes
q11=2.37185,q1 2 =8.22379.The Ez field structure of HE; ; is shown
in Fig. 3 and HE; , in Fig. 4.

From the two figures, we can see that HE;; ; mode has m angular
nodal lines and n radial nodal lines including the boundary line. And
the E;, field structure of HEq 3, HE; 1, HE; ; are shown in Figs. 5-7.



Download English Version:

https://daneshyari.com/en/article/847318

Download Persian Version:

https://daneshyari.com/article/847318

Daneshyari.com


https://daneshyari.com/en/article/847318
https://daneshyari.com/article/847318
https://daneshyari.com

