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ABSTRACT 

Focal region field of a two dimensional Gregorian system coated with chiral medium is analyzed at high frequency. 
Maslov's method is used because the Geometrical Optics approximation fails at focal points. Maslov’s method com-
bines the simplicity of ray theory and the generality of Fourier transform. Fields patterns are calculated numerically 
and the results are plotted. The effects of thickness of chiral layer, chirality parameter of the chiral medium and permit-
tivity of the medium are analyzed. The problem of simple dielectric layer is discussed as a special case of this problem. 
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1. Introduction 

The knowledge of focal region field of focusing systems 
is useful for synthesizing feed arrays in imaging and de-
sign of multiple beam antennas in communication sys-
tems. The focusing of electromagnetic waves into mate-
rial media is also a subject of considerable current inter-
est due to applications in hyperthermia, microscopy, and 
optical data storage. Geometrical optics (GO) approxi-
mation is one of the well known method for evaluating 
high frequency field. It has been widely used to study 
various kinds of problems in different areas of electro-
magnetics, acoustics and seismology [1-3]. GO approxi-
mation for wave solution is important in electromagnet-
ics because it provide insight into the behavior of wave 
front. GO is used only for high frequency approximation 
of a wave, provided the ray tube does not vanish. How-
ever, at caustic regions the ray tube shrinks to zero and 
GO show singularity at these regions. These regions are 
of great importance in all practical problems e.g. para-
bolic, paraboloidal and circular reflectors etc. To avoid 
these singularities Maslov proposed a method based on 
Maslov`s theory [4,5]. Maslov’s method has been used to 
find the field at caustic regions [6-20]. The idea in 
Maslov's method provides a systematic procedure for 
predicting the field in the caustic region by combining 
the simplicity of ray theory and generality of the trans-
form method. High frequency field expressions has been 

derived around feed point of a two dimensional Gregor-
ian system using the Maslov’s method in [19]. The same 
focussing system has been coated with isotropic and ho-
mogeneous chiral medium and field expressions are ob-
tained. In Section 2 the plane wave reflection from a 
chiral slab backed by perfect electric conducting (PEC) 
plane is considered. In Section 3 high frequency expres-
sion for the field of a chiral coated Gregorian system 
excited by plane wave is derived. Numerical results and 
discussion are presented in Section 4 and the paper is 
concluded in Section 5. 

2. Reflection of Plane Waves From a Chiral 
Slab Backed by Conductor 

In this paper we want to find the reflected field around 
the focal region of a two dimensional Gregorian’s main 
parabolic reflector coated with chiral medium. To achi- 
eve this the reflection of plane waves from a chiral slab 
backed by perfect electric conducting (PEC) plane is 
discussed as in [15,21]. As shown in Figure 1 the re-

gion 0z   is occupied by free space defined by fol-
lowing equations 

ED
0

=   

HB
0

=   

and the region dz 0  is occupied by the chiral me-
dium defined by Drude-Born-Fadorov (DBF) constitutive 
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relations [21] as follows 

)(= EED    

)(= HHB    

The PEC is placed at dz =  as shown in Figure 1. 
The reflection coefficients for the parallel and perpen-
dicular components of polarization is calculated in [11] 

                
 AAtRRTrBB






 1

3
=   (1) 

In the above equation, 


A , A  and 


B , B  are the 

parallel and perpendicular components of polarization of 
the incident and reflected fields respectively.      RTr  , ,  

and  t  are 22   matrices. Elements of the matrices, 
which are Fresnel coefficients, are given in [15].   and 

3
R  are also 22   matrices and are given in [15]. Us-

ing these reflection coefficients, the focal region fields of 
a two dimensional Gregorian's system are derived. 

3. Focal Region Field of Two Dimensional 
Gregorian Reflector 

Gregorian system consists of two reflectors, one is para-
bolic main reflector and another is hyperbolic sub-re-
flector as shown in Figure 2. This system has several 
advantages over a single parabolic reflector.In this paper 
we want to study the caustic region field of a two dimen-
sional Gregorian system when the main reflector is coa- 
ted with chiral medium using GO and Maslov’s method. 
The equations of each reflector are given as follows 

222

2

1

2

2
2

2

2
1

1
=

1
=,

4
= bac

b
acf

f




 


  

2
21

2
22

=,= acaRacaR              (2) 

In the above relations  
11

,   and  
22

,  are the 

Cartesian coordinates of the point on the parabolic and 
elliptical reflectors, respectively. The Incident wave trav-
eling along the negative z -axis is given by 

 
 

 

Figure 1. Reflection from a chiral slab backed by PEC 

 

 

Figure 2. Gregorian antenna coated with chiral medium 
 

 jkziAiAE
xxyy

i exp)(=            (3) 

where, 
y

A , 
x

A  are the components along y -axis and 

x -axis of the initial amplitude of the incident field re-
spectively. The wave reflected from the hyperboloidal 
surface is given by 

   
    }22cos22sin{exp          

}]22cos22sin{[=

zx

zxy
r

iijkz

iiBiBE







 

 

(4) 

The wave vector of the wave reflected by the parabolic 
reflector is given by 

zx

r iip  2cos2sin=
1

               (5) 

and the wave vector of the wave reflected by the hyper-
bolic reflector is 

   
zx

r iip  22cos22sin=
2

    (6) 

where, the angle   and angle   are given by the re-

lation 

22
1

22
1

1

4

2
=cos ,

4
=sin

f

f

f  



  

2

21

2

21

1
=cos ,

1
=sin 

a

b

RRb

a

RR
  

In the above equations 
1

R  and 
2

R  are the distances 

from the point  
22

,  to the focal points cz =  and 

cz = , respectively. The unit normal vectors to the para-
bolic and hyperbolic surfaces are given by 

1
n  and 

2
n  

respectively. These normals can be written as 

zxzx
iiniin  cossin= ,cossin=

21
  
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The general form of the geometrical optics solution for 
the wave is given by [19] 

)({exp
(0)

)(
=)(

00

2

1

0













Sjk
D

D
ErE       (7) 

The Jacobian associated with the wave reflected by the 
parabolic reflector is given by [19] 

   
  

fD

D
J cos1=

0
=

2

           (8) 

The Cartesian coordinates of the ray reflected by the 
hyperbolic surface is given by 


211122

==
xxx

pppx         (9) 


211122

==
zzz

pppz        (10) 

where,    2

21

2

211
=   . In the above equa-

tion  
11

,
zx

pp  and  
22

,
zx

pp  are the rectangular com-

ponents of reflected wave vectors 1
r

p  and 2
r

p , respec-

tively. Now we consider the field after the reflection 
from the hyperbolic cylinder. The transformation from 
the Cartesian coordinates  zx,  to the ray coordinates 

  ,
1

 is given by [19] 

  









1

2

2

1cos=
R

R
f

D


          (11) 

Thus the geometrical ray expression of each compo-
nent of the reflected wave is 

  


 











10

2

1

1

exp1)2(2cos= Sjk
R

BE r
x   

(12) 

  













 10

2

1

1

exp1= Sjk
R

BE r
y

       (13) 

   











10

2

1

1

exp1)2(2sin= Sjk
R

BE r
z   

(14) 

where, rE
0
 is the amplitude of the incident wave at the 

reflection point on the parabolic surface and 

cfS 






2cos1

2cos
2==

10          (15) 

   2

12

2

121
=             (16) 

   2

2

2

2
=   zx             (17) 

As indicated by (7), )(rE  will become infinite for 

0=
(0)

)(

D

D 
 i.e. at the caustic points. The expression 

which is valid at the focal point according to Maslov’s 
method is given by [19] 

]}),([{exp              

)()(
2

=)(

00

0

0

zzz

z

zpppxSjk

z

p
JA

j

k
rE




















  (18) 

The amplitude term  
2

1

2












z

p
J z  in the above equa-

tion is given by [19] 

   


22sin
= 1

2

1

2











R

z

p
J z        (19) 

The phase function is given by 

  zpppxzSS
zzz 22210

,=         (20) 

where, 
10
S  is given by (15). The extra term is given 

by 

  zpppxzS
zzzex 222

,= 
 

 
2z2z2z2

ppp= 
 

   
2z2

2

2x
pzp= 

 
   

2z222x
pzxp= 

 

 
    

22
22cos22sin    

22cos=







 

We substitute (19)-(20) into (18) and taking 
1=)(

0
A , we can find the finite field around the caustic 

as given below 
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      (23) 

In the above equation, 
1

R , 
0

S , 
1
  and 

ex
S  are ex-

pressed in terms of   and 
1

A  and 
2

A  are the subten-

tion angles 2  at the edges of the parabolic and hy-
perbolic surfaces. The limit of integration are calculated 
by the expression 
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






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


c

L
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arctan= ,

2
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4. Result and Discussion 

Field pattern around the caustic region of a Gregorian 
system are determined using (21-23) by performing the 
integration numerically. The line plots of the field around 
the focal region located between the two reflectors, that 
point 

2
F  in Figure 2. Simulation were done for =

1
A  

/4.1 ,  /6.5=
2

A ,  1=
0

k ,  100=f ,  
0

=   and 

different values of 
0

/=  , d , and  . We have con-

sidered two types of polarization for incident wave. One 
i s  0=(

x
A ,  1)=

y
A  and  the  o ther  i s  1=(

x
A , 

0)=
y

A . The results are plotted in Figures 3-20. In all 

figures horizontal axis is z -axis and vertical axis corres- 
ponds to the absolute value of reflected field component. 
All plots are taken at 0=x . We have studied the effects 
of thickness of the the coated layer ( d ), the chirality 
parameter (  ) and the relative permittivity of the me- 

 

 

Figure 3. Plot of |E| r
x , when parabolic reflector is coated 

with dielectric layer of varying thickness d 

 

 

Figure 4. Plot of || r
y

E , when parabolic reflector is coated 

with dielectric layer of varying thickness d 

dium (  ) on the focal region field. Figures 3-5 show the 
effect of increase in the value of d  keeping 0=  

and 3= , that is ordinary dielectric case. We have 
shown in Figure 3 and 5the || r

x
E  and || r

z
E  for 

0)=1,=(
yx

AA . These figures show that increase in 

thickness of the coated layer ( d ) results an increase in 
|| r

x
E  and || r

z
E . Figure 4 shows the plot of || r

y
E  for 

1)=0,=(
yx

AA . This figure shows decrease in field 

strength as d  increases. Figures 6-11 show the effect 
of d  while keeping 0.5=  and 1=  for both 

types of polarization. Figures 7 and 11 show increase in 
t h e  f i e l d  s t r e n g t h  o f  || r

x
E  a n d  || r

z
E  f o r 

0)=1,=(
yx

AA , respectively. Figure 6 and 10 show the 

cross polarization effect due to chiral medium for polari-
zation 1)=0,=(

yx
AA , which also increases with in-

crease in d . For 0=d , cross polarization effect van-
ishes and field strength increases with increase in d . 
Figure 8 shows the plot of || r

y
E  for 1)=0,=(

yx
AA , 

which decreases with increase in d , and Figure 9 

 

 

Figure 5. Plot of || r
z

E , when parabolic reflector is coated 

with dielectric layer of varying thickness d 

 

 

Figure 6. Plot of || r
x

E , when the thickness of the coated 

layer d is varying. The impedance of chiral medium is equal 
to that of free space 
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Figure 7. Plot of || r
x

E , when the thickness of the coated 

layer d is varying. The impedance of chiral medium is equal 
to that of free space 

 

 

Figure 8. Plot of || r
y

E , when the thickness of the coated 

layer d is varying. The impedance of chiral medium is equal 
to that of free space 

 

 

Figure 9. Plot of || r
y

E , when the thickness of the coated 

layer d is varying. The impedance of chiral medium is equal 
to that of free space 

 
shows the plot for 0)=1,=(

yx
AA . This figure shows 

that cross polarization effect are zero for 0=d , but 
increases with increase in layer thickness d . 

 

Figure 10. Plot of || r
z

E , when the thickness of the coated 

layer d is varying. The impedance of chiral medium is equal 
to that of free space 

 

 

Figure 11. Plot of || r
z

E , when the thickness of the coated 

layer d is varying. The impedance of chiral medium is equal 
to that of free space 

 

 

Figure 12. Plot of || r
x

E  showing the effect of chirality 

parameter  . The impedance of chiral medium is equal to 
that of free space 

 

 

Figure 13. Plot of || r
y

E  showing the effect of chirality 

parameter  . The impedance of chiral medium is equal to 
that of free space 
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Figure 14. Plot of || r
z

E  showing the effect of chirality 

parameter  . The impedance of chiral medium is equal to 
that of free space 

 

 

Figure 15. Plot of || r
x

E  showing the effect of relative 

permittivity   of dielectric layer 

 

 

Figure 16. Plot of || r
y

E  showing the effect of relative 

permittivity   of dielectric layer 

 

 

Figure 17. Plot of || r
z

E  showing the effect of relative 

permittivity   of dielectric layer 

 

Figure 18. Plot of || r
x

E  showing the effect of relative per- 

mittivity   of chiral layer 

 

 

Figure 19. Plot of || r
y

E  showing the effect of relative 

permittivity   of chiral layer 

 

 

Figure 20. Plot of || r
z

E  showing the effect of relative 

permittivity   of chiral layer 

 
Figures 12 and 14 show the effect of chirality pa-

rameter   on field components while keeping 1=  

and 0.5=d . Figures 12 and 14 show the plots of 
|| r

x
E  and || r

z
E  for 0)=1,=(

yx
AA  respectively. 

These figures show that field strength increases with in-
crease in chirality parameter  . Figure 13 shows that 

|| r
y

E  decreases with increase in  . Cross polarization 

effects have not been shown because they have same 
trends as discussed above. Figures 15-17 show the effect 
of   while keeping 0.5=d  and 0= , that is for 

ordinary dielectric case. Figures 15 and 17 show the plot 
of || r

x
E  and || r

z
E  for polarization 0)=1,=(

yx
AA  

respectively and show the increase in the field strength if 
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we increase the relative permittivity of dielectric medium 
coated on the surface of reflector. Figure 16 shows that 

|| r
y

E  decreases with increase in   for polarization 

1)=0,=(
yx

AA . Figures 18-20, which are for chiral 

coating, show the same trends as in Figures 15-17. 

5. Conclusions 

Focal region fields of a two dimensional Gregorian re-
flector is analyzed using GO and Maslov’s method. Two 
types of polarization are discussed. The reflected field 
components are analyzed numerically and the results are 
given in the focal plane. It is concluded that increase in 
chirality parameter (  ), increase in thickness ( d ) and 

relative permittivity (  ), results in increase in of || r
x

E  

and || r
z

E  for 0)=1,=(
yx

AA . While || r
y

E  decreas- 

es for 1)=0,=(
yx

AA . Cross polarized fields exist wh- 

en 0k  and increase with increase in value of d . 
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