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Abstract

Plane wave reflection from soft and hard surfaces coated by chiral material has recently been analyzed for normal incidence. In this study, the plane wave reflection from a uniaxial chiral slab backed by soft and hard surfaces is formulated for normal incidence and the polarization properties of the reflected field are investigated.

1. Introduction

The chiral medium is a subclass of bianisotropic media. A special type of bianisotropic chiral media is the axially chiral uniaxial medium. A uniaxial bianisotropic chiral slab can be realized by doping miniature chiral objects (such as wire spirals) into an anisotropic host medium as explained in [1]-[2]. The orientation of the chiral objects must be parallel to a unique preferred direction.


Soft and hard surface (SHS) boundaries are well known from acoustics. They have been also defined for dually polarized electromagnetic waves. Kildal [3] explained the concept of SHS in detail by considering different geometries. A common characteristic of both soft and hard surfaces is that they do not create cross polarization by geometrical optics reflection. For example, a right circularly polarized wave for a hard conducting surface is still right cicularly polarized after reflection and for a smooth conducting surface it is left circularly polarized.


In a previous paper [4], an isotropic chiral slab backed by SHS and its application to polarization transformer have been analyzed. In this study, a plane wave reflected from an infinite uniaxial chiral slab of thickness d, sandwiched between air and SHS, with axis parallel to the interfaces is considered. This characteristic of SHS and easy construction of the uniaxial chiral slab might make the study of this problem worthwhile.

2. Fields at the Interface and Reflection Dyadic

It is known that in the uniaxial chiral medium, the electromagnetic fields satisfy the constitutive relations 
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with the medium parameter dyadics
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where ( is the chirality parameter and the nonreciprocity parameter ( of [5] is assumed zero. In Eq. (2), u and v are the transverse axes to z-axis with 
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. They are chosen such that they are the natural coordinates from the geometrical optics point of view. Moreover, the direction of corrugation on SHS is along v-axis.


To find the reflection coefficient of the plane wave for normal incidence, consider a uniaxial slab which is confined between two infinitely extended planes at 
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and z = 0, as shown in Figure 1. The plane wave solutions of the Maxwell’s equations for the chiral medium are [2]
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where + and – indicate the right-hand and left-hand polarization, respectively. In Eq. (3), the corresponding propagation factors are given by
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where




[image: image11.wmf]t

t

t

k

e

m

w

=

, 
[image: image12.wmf]t

t

t

e

m

=

h

, 
[image: image13.wmf]t

t

o

o

t

u

t

u

t

u

t

u

A

e

m

e

m

k

+

÷

÷

ø

ö

ç

ç

è

æ

e

e

-

m

m

±

÷

÷

ø

ö

ç

ç

è

æ

e

e

+

m

m

=

±

2

2

4

1

2

1


(4.b)


After writing the fields inside the uniaxial chiral slab and using boundary conditions at z=-d and z = 0 the following equation can be obtained:





[image: image14.wmf]i

E

R

E

×

=

r


(5)

where
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In Eq. (6)
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where
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For the isotropic achiral slab, 
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, and therefore Z = T = X = 0 which contributes to the vanishing of the crosspolarized reflection coefficients. The copolarized reflection coefficients are
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Thus, the incident field does not change polarization after it is reflected, but the phases of the field components are shifted as expected.


For the uniaxial chiral slab there is not always such simple expressions. If we consider a special case for the uniaxial chiral slab with 
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Hence, in this case, as for the isotropic achiral slab, linearly polarized wave is reflected as linearly polarized wave.

3. Polarization Transformer

Let us study the possibility of defining the uniaxial medium backed by SHS as polarization transformer, by appropriate choice of the medium parameter values and thickness of the slab. Assume that the incident field linearly polarized along 
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to be more explicit these equations give
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With the conditions in Eq. (12), the reflection dyadic will be
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where 
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As can be deduced from Eq. (13), the incident polarization 
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 gives rise to right-hand circularly polarized, and 
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to left-hand circularly polarized reflected field. 


The ratio 
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 in Eq.(12) is not arbitrary.  We can impose some conditions on it. From the expression in Eq. (12) 
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and hence




[image: image51.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

£

÷

ø

ö

ç

è

æ

h

h

£

÷

÷

ø

ö

ç

ç

è

æ

-

-

+

2

5

5

2

1

5

2

o

t

t

k

k

k


(16)

The graph of  the reflection coefficient, |R0|, as a function of Ratio = 
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 is shown in Figure 2. When the Ratio is one, |R0| vanishes and hence there is no reflection at this point. With the condition in Eq. (16), a highly efficient polarization transformer cannot be achieved by using a uniaxial chiral slab.

4. Conclusion


In this study, the normal incidence of the electromagnetic waves to lossless uniaxial chiral slab backed by SHS is analyzed. The reflection dyadic is derived. It is shown that the slab can be used as polarization transformer if the suitable medium parameters and slab thickness are chosen. 
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Fig. 1	Geometry of the problem.
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Fig. 2	The reflection coefficient R as a function of the Ratio = � EMBED Equation.3  ���.
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0.5812891471

0.5863932749

0.5914308065

0.5964031588

0.6013117047

0.606157775

0.6109426884

0.6156676391

0.6203338702

0.6249425603

0.6294948537

0.6339918616

0.6384346638

0.6428243355



POLI.DAT;1

		0		1.41E+00

		0.04		1.22E+00

		0.08		1.06E+00

		0.12		9.33E-01

		0.16		8.27E-01

		0.2		7.38E-01

		0.24		6.61E-01

		0.28		5.93E-01

		0.32		5.33E-01

		0.36		4.79E-01

		0.4		4.30E-01

		0.44		3.86E-01

		0.48		3.45E-01

		0.52		3.08E-01

		0.56		2.73E-01

		0.6		2.41E-01

		0.64		2.10E-01

		0.68		1.82E-01

		0.72		1.55E-01

		0.76		1.29E-01

		0.8		1.05E-01

		0.84		8.22E-02

		0.88		6.03E-02

		0.92		3.93E-02

		0.96		1.92E-02

		1		0.00E+00

		1		1.85E-02

		1		3.63E-02

		1		5.34E-02

		1		7.00E-02

		1		8.59E-02

		1		1.01E-01

		1		1.16E-01

		1		1.31E-01

		1		1.45E-01

		1		1.59E-01

		1		1.72E-01

		1		1.85E-01

		2		1.97E-01

		2		2.10E-01

		2		2.22E-01

		2		2.33E-01

		2		2.44E-01

		2		2.56E-01

		2		2.66E-01

		2		2.77E-01

		2		2.87E-01

		2		2.97E-01

		2		3.07E-01

		2		3.17E-01

		2		3.26E-01

		2		3.36E-01

		2		3.45E-01

		2		3.54E-01

		2		3.62E-01

		2		3.71E-01

		2		3.79E-01

		2		3.88E-01

		2		3.96E-01

		2		4.04E-01

		2		4.11E-01

		2		4.19E-01

		2		4.27E-01

		3		4.34E-01

		3		4.41E-01

		3		4.49E-01

		3		4.56E-01

		3		4.63E-01

		3		4.69E-01

		3		4.76E-01

		3		4.83E-01

		3		4.89E-01

		3		4.96E-01

		3		5.02E-01

		3		5.08E-01

		3		5.14E-01

		3		5.20E-01

		3		5.26E-01

		3		5.32E-01

		3		5.38E-01

		3		5.44E-01

		3		5.49E-01

		3		5.55E-01

		3		5.60E-01

		3		5.66E-01

		3		5.71E-01

		3		5.76E-01

		3		5.81E-01

		4		5.86E-01

		4		5.91E-01

		4		5.96E-01

		4		6.01E-01

		4		6.06E-01

		4		6.11E-01

		4		6.16E-01

		4		6.20E-01

		4		6.25E-01

		4		6.29E-01

		4		6.34E-01

		4		6.38E-01

		4		6.43E-01
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