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A new analytical technique is constructed by using

circularly polarized Waves. And further, it is applied
to calculate and interpret the polarization character-
istics of optical fiber.

1 Introduction

The polarization characteristics of a single mode
fiber is measured by degree of ~olarization smd.pol~
izing angle. The degree of polarization and polarizing
angle are decided by amplitude end phase of a propegat.-
ing waves., Therefore, it is usefil for pract~cal
investigations of fiber to gain a simple relation be-
tweenmeaauring parameters(degree of polarization and
polarizing angle) and electrical psrsmeters( amplitude
end phase of a wave).

The author has introduced the right-handed and lef’k
handed circularly poldzed waves of a ste~index opti-
cal fiberCIJ. A propagating wave of a single mode fi-
ber can be always eqwnded by two circul~ly polarized
waves. When this expansion technique is applied to
obtain the relation between measuring parameter and
electrical permneters, the relation becomes very simple
comparing with former results c2J ,[3J.

Thee xpcnaion technique is also applied to analyze
the polarization characteristics of a twisted ell.ipti-
CSI core fiber. Then, sane properties are revwsled.

By the way, it is experimentaly known that in a
twisted fiber there exist rapidly increasing and de-
creasing phenomena of polarizing angle with respect to
the increasing twist engleCQ]. However, the origin
from which these phenomena came has not’yet hewn under-
stood . An interpretation of these phencmena is brought
out by using the above mentioned relations.

2 Circularly polarized wavee in a circular core fiber

fig. 1
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Circular core fiber cross-section

and coordinate systems

The fiber cross-section end coordinate systems are
shown in fig.1. The author has introduced the righ~
handed and left-handed circularly polarized waves be-
longing to the HE1,I mode in a following forms:

( left-handed circul.arly polarized wave )

!31 = k N UJO(U r) (-j ~x+~y) + U2J1(U r) eJe/z

e-jhz+jwt

J?=lE1/(jl)

{la)
in a core,

( rightihended circul.axly polarized wave )

Er = k N u Jo(U r ) (-j ix -/y) + U2J1(U r) eje~z

e-j h z+jwt
(lb)

#=-d/ (J~’) in a cladding,

where u end h are the radial. propagation constant end
the propagation const=t, reepectively,~(=~/N) and
b denote the wave impedance end the core radius, re-
spectively, Jn(z) end Kn(z) represent the ?esse} and
modified Bessel functions, respectively, (1 x, [Fs I?Z)
mean the unit vectors of the Cartesian coordinate. (Ic)

5 The relation between measuring and electrical
parameters

The electric field of the HEllmode(l E) is always
expanded by using the circularly polarized waves es
follows

JE=AIEl+BiE?’. (2)
Fut A end B in polar fomss

A = lAI ejeA , B= lBl ejeB. (3)
Substituting (2) into the Mxwellts equation end after
some calculations, the following relation results be-
tween the polarizing angle(~) end the phase of anpli-
tude ( ~A , eB)

lp=(o~- eA)/2 i n~/2, (~o, 1,2, . ...) (4)
where &ven n ‘&d odd n correspond to the moin and minor
axes of an elliptically polarized wave, respectively
Cl]. ~ is measured fras the x-ds.

On the other hand, the main As(@) end the minor
axis { Zq ) of en elliptically polarized wave are exprese-
ed bylA\andlBlin the next fomC13

Es= lAl + IBI Eq =IIA[ - IBII . (5)
The dezree of po~arization( I ) Zs.defined by

I=(,EY2 -E2)/(E2+E~2).3. y- - “)substituting (5) into ( , we ob em

I = 2 IAI.]B]]( IAf +lB? ). (7)
The equation (4), “(5) and (7) are the relations to

be expected. These relations are very etiple ccsnparing
with the forms obtained by the expansion technique
using linearly polarized waves[sJ.

4 Polarization characteristics of a twisted elliptical
core fiber
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Fig. 2 EUQ+icel core fiber cross-section

and coordinate Systems

The fielclin a %wfsixxi elliptical core fiber ie
assumed to be approti.ately expanded in the form shown
in (2). Figure 2 shows the crose-seetion of a twisted
elliptical core fiber end coordinate systems. Substi-
tuting (2) into the Mexwellls equation end after acme
calculations, the following simultaneous differential
eauation is obtsinedtil:
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c(. =qc+p/J (9)
In equation (9), &and b are the radii of the men end
minor axes of core, respectively, G, C and N denote the
rigidity coefficient, the photoelastic constant and the
refractive index~ re~pectivelyg $0 end k represent the

twist angle per unit length and the wave number of free
space, respectively, and D=b/& , U=u b, w=w b end F.=k b.
The others are common to (It).

The solution of (8) is expressed as follows:

where )6= ((CZ2 -#o)2+~2 )*, A(0)=Alz=o~ B(0)=BIZ=O.

bien the core becomes circular i.e. cXq=/3= o~
equation (10) reduces to

A = A(0) e-j@2. z ,B= B(0) ejti2”z. (11)
This result insists that the circularly polarized waves
are the eigen-modes. According to (4), we obtain the
polarizing angle rotation

OL(iad) = 2ti2 L/2 = G C~o L/ N, (12)
where L mearis fiber length. On the other hand, as the
ttist angle becmes very large i.e. ~/~-* O* equation
(10) is reducedto

A= A(O) e
-jW2.z

, B = B(0) ej~2. z. (13)
which is the same as (It). This fact shows that a well
twisted optical fiber has a polarization-maintaining
property and is suitable to circularly polarized wave
transmission.

Imposing the condition shownin table I and A(0)=
B(0)= Ei on (10), numerical results are calculated.
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Table I F’aremeters used in numerical calculations

Some exanples of polarization characteristics are illus-
trated in Itig.3 end kFig.4. Figure 3 :hows the case for
the incident polarizing Sngle Yi= 4.5 and hlg.4 for
vi= 6.00. ~iismeaaured from the x-axis. A solid
line and a dotted line correspond to Es and E?, re-
spectively. Rapidly increasing end decreasing phe-
nomena ofothe polarizing angle(~) are found at about
#oL= 100 in lower parts ofFig.3 and blg.4. On the
other hand, in upper parts of FQ.3 and Fig.4, the
relation ti~~ ti~ is obtained near this point, so that
the wave is expected to be circularly polarized.

5 An interpretation of rapidly increasing and
decreasing phenomena of polarizing angle

Futting A(0)=B(O)= 1, let the other parameters be
the same shown in table I. Then we express A and B in
the form shown in (3). The loci of A and B are illus-
trated in the upper parts of Fig.b and Fig.6 as a func-
tion of twist angle(@QL) denoted by dotts. The cal-cu-
rated region of the tmst angle is C-lOOO, 800°] for A.
and ~-200°, 800°J for B. The locus of A rotates clock-
wise according to the increasing twist angle end the
locue of B counter-clockwise. The 10CUS of A near
about~oL = 100° pass through close to an upper part
or a lower part of the coordinate origin. The phase 9A
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eB are shown in the lower parts of Fig.5 end ]?ig.6. @A
is rapidly decreasing in Figs end increasing in ~g.6.
On the other hand, OB is stationary near this point in
both figures. Therefore, we have a suddenly increasing
polarizing angle in Figs and a rapidly decreasing polar-
izing sngle in iti.g,6 according to (4). These results
correspond to the phencmena pointed out in Fig.,3 and
Fig.4. It becomes clear that the origin of the above
phnomena is whether the loci of A end B in the complex-
plane pass through close to upper or lower parts of the
coordinate origin.

6 conclusion

The analytical technique using circularly polarized
waves are proposed. Relation between measuring end
electrical parameters become simple in this technique,
which sre expressed in (4), (5) and (7).

In a twisted circular core fiber and a well twisted
optical fiber, the polarizing angle rotates at the ra,te
shown in (12), which is proportional to the twist angle
so that the fibers act as optical active media., A well
twisted optical fiber has a polarization-maint:tining
property and is suitable to a circularly polarized
transmission.

Using the relation shown in (4), an interpretation
is made for the rapidly increasing and decreasing phe-
nomena of polarizing angle occuring near the ccnxiition
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wn which a circularly polarized wave tekes place. It

appears that the origin of these phenomena is whether
the loci of A and B pass through close to upper or
Lower parts of the coordinate origin in the complex-
plsne
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