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Abstract The problem of unbounded uniaxial chiral omega media in the presence of both static
electric and magnetic point charges is investigated. For this purpose scalar electric and magnetic
potentials in these media are introduced. Using these potentials, the corresponding electric and
magnetic fields are determined. The similar problem of static electric and magnetic current sources
with the goa of finding the electromagnetic fields is carried out. It is observed that either static
electric or magnetic point charges produce both electric and magnetic fields.
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1. INTRODUCTION

In past decades, much attention has been given to
the electromagnetic properties of complex materials.
Several applications of quasi-static image theory in
analyzing EM fields were considered by many
authors, among which are. quas-gtatic image theory
for bi-isotropic microstrip structures [1], static
image theory for bi-isotropic sphere and isotropic
and bi-isotropic cylinders [2,3] and static image
theory for bi-isotropic media with parallel
interfaces [4]. However an analysis of quasi-static
theory is not reported for uniaxial chiral omega
medium. Such a medium can be realized by putting
two types of particles in a dielectric host medium.
One of these is two orthogonal sets of small omega
shaped metals with planes normal to x- and y-
axes. The other is two orthogonal arrays of small
metal helices with their axesaong x- and y [5].
Media involving omega shaped metal particles
were applied as phase shifters [6]; pseudochiral
point-source antennas [7] and nonradiative dielectric
waveguides [8]. Recently the condtitutive parameters
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of complex media consisting omega particles were
studied [9].

In present article, the problem of static
electromagnetic fields due to the presence of both
static electric and magnetic point charges in an
unbounded uniaxia chiral omega medium is studied.
Introducing the appropriate scalar electric and
magnetic potentials and using the constitutive
relations of the medium identify the corresponding
electric and magnetic fields. In the next section a
similar problem, but due to arbitrarily oriented gatic
eectric and magnetic current sources, with the goal
of finding the electromagnetic fields is carried out.
It is observed that due to the anisotropic feature of
the corresponding parameters of the medium,
electromagnetic fields produced by dgatic and
megnetic charges are a linear combination of two
different scalar functions such that the fields
associated with point charges do not have any
spherical symmetry in uniaxial chiral omega
media. A similar result is obtained for the case of
static electric and magnetic current sources, but in
this case the fidds involve different vector functions.
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Generally speaking, we conclude that the physica
behavior of electromagnetic fields in uniaxial
chiral omega media is properly different from a
similar problem but with genera isotropic media[4].

Uniaxial chiral omega media, while is best
described by its constitutive relations given by 1
and 2 in the next section, can be readized by
combining two types of uniaxiad media with a
common axis. One of these mediais called, uniaxial
omega (or pseudochiral) and the other, uniaxia
chiral media. Uniaxial omega medium with z- axis,
can be realized by embedding two orthogonal sets
of small omega shaped metals with planes normal
to x- and y- axes. In this medium a coupling
between electric and magnetic fields along x- and
y- axes is present and the dectric fidd dong x- axis
generates a magnetic field along y- axis and
vice versa. Therefore, in this medium, with
respect to omega particles, thereis no preferencein
the x —y directions and there exists only one particular
direction, normal to x —y plane, i.e., the z direction
[8]. The other type of medium namely uniaxid chira
medium aong z- axis, can be implemented by
arranging small metal helices in two orthogonal
arrays with their axes along the x- and y- axes. In
this medium, induced electric current in a short
helix, while located in a high frequency electric
field, produces a magnetic field, which has both
longitudinal (along the helix axis) and transverse
components. In such a medium the field coupling
dueto chirality is effective only for thefieldsin the
X —y plane.

Uniaxial chiral omega medium which is a
combination of the above mentioned media, can
therefore be realized by embedding the above
mentioned two types of particles in a dielectric
host medium i.e., two orthogonal sets of small
omega shaped metals with planes normal to x- and
y- axes and two orthogonal arrays of small metal
helices with their axesalong x- and y [5].

Uniaxial omega media features the coupling
between electric and magnetic field components
with similar directions in the x — y plane. This
property is due to the presence of metal helicesin
the medium. In addition, due to the existence of
omega particles in the medium, another coupling
occurs between electric and magnetic field
components in the x — y plane that is different
from that of metal helices. The electric field along
X- axis produces magnetic field along y- axis and
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vice versa

2. STATIC SCALAR POTENTIALS

Consider both static electric and magnetic point
charges pe and P located in an unbounded

uniaxial chira omega medium, with the following
constitutive relations [5]:

D=%.E+j\feqt, (—k I, +k3J).H )
B=TL.H+ ] ety (k Ty +kJ).E )

Where € and [ refer to permittivity and
permeability tensors respectively. These dyadics
are uniaxial with transverse component ,t, and the
normal component ,n,

=g (e lyten22)

|

and 3

T=Ho (M Ty +H, 22)

Where Z denotes the unit vector parallel to the
axis (orthogonal to the plane including the stems of

omega particles). |, =XX+y ¥ is the transverse
unit dyadic, J= 2><Tt = yX — XY is 90- degree
rotator in the x — y plane and k is the magneto-
electric coupling parameter ( dimensionless) due to

omega particles of the medium and k, is the

chirality (dimensionless) due to small metal helices
of the medium, which is effective for the fields in
the (x-y) plane[5].

The electric and magnetic charge densities
satisfy;

0.B=p, (4)

With regard to the coupling between electric and
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magnetic fields generated due to the omega
particles and helices in the uniaxial chiral

medium, it is observed that magnetic charge p,
produces both electric and magnetic potentials,
@, and @ and the corresponding fields.

The static electric and magnetic fields can be
expressed in terms of scalar electric and
magnetic potentials @, and ®  respectively,
i.e;

E- OO He— 0o, (5)

el
With regard to the expressions 5 and making
use of static relations, one can derive a
system of two coupled partial differential
equations in terms of the scalar potentials,

®, and P ;

0% 0°? . 0% 0?
Eost%xz +W%¢e — K vEo Ho %XZ +W%¢m

62(1)6 _
+€0€n? =P
(6)
) 0% 0° 9> 02
JK €M %??*'a—fgq%ﬂlout%ﬁ?+a—fgq’m
62<Dm _
+p‘0“nF_—pm

(7)
In order to solve Equations 6 and 7, we assume
®, and P as alinear combination of two
auxiliary functions @, and @, .

@, = O + D,

©)
(Dm =Xl q)l+x2 CDZ

Where X; and X,are unknown constants
depending on the medium parameters. Substituting
for @, and @, from Equation 8 in Equations 6

and 7, one can obtain two equations for ®, and
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®,,ie
X
EQCD - 2
Eh ' O(12 € En(Xz _X1) e
1
t— Pm
a; Mo Un(xz_xl)
)
and
DEECDZZ 2 XI pe
as g, En(xz_xl) (10)
Gg Ho p-n(xz_xl) "
where;
afzst_jktnoxl , agzst_jktnoxz
€, €,
(11)
and
2 2 2 2
SR Y
X 0y a; 0z o; 0z
(12)
2 2 2 2
07 = 62+ 62 iz 62- DZ+%6—2
X° 0y a0z 0,0z
(13
With
Mo (8 M, —E, 1) EVA
= |[— X =— 14
e, 0 T ok, 4
and
A=(g, M, —€, K )" +AK{ P, €, (15)

It is concluded that for any charge distributionsp,
and p,, ®, ad @, can be obtained from
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Equations 9 and 10. Once these auxiliary
potentials are known, the potentials @, and

@ can be determined from Equation 8 and

m
the electric and magnetic fields follow from
Equation 5.

Consider a uniaxial chiral omega medium with
the constitutive Relations 1 and 2, in the presence
of both static electric and magnetic point charges,
i.e.

R =0 &) 3(y)0(2)
and (16)
Pm =Am AX) Ay)d(2)

Equations 9 and 10 are thus transformed to

O X 1
07, =7 : 9.+ Un
PO ot g, (X=X T ol oM, (X,=X) T
Ax) Ay) d(2)
(17)
and
O O
D%QCDZ :D Xl l

Qe — adm O
D3 eoen(Xp=X1)  O3HoHa(X2=Xq) [

Ax) Ay) 3(2)
(18)

By choosing a new Cartesian coordinates in the z
direction in the form z; = a, z and some algebraic
manipulations, one can conclude;

O X 1
Lo, = 2 et m
e E—alaosn(XZ_xl)q GonUn(Xz‘xl)q %

&x) Ay) d(z1)

(19)

Where

2 2 2
0Z= 9 9 9 (20)

aXZ +ay2 +6212
1

Similarly, using z, =0, z, Equation 18 reduces
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to:

O X 1 O
50, = . Oe~ Am0O
EbZEOsn(XZ_Xl) © dyPeMn(X2=X1) 10

qx) Ay) 8(232)
(21)

Where

2 2 2
Ea +6+0 (22)

|:|2
2 aXZ ayZ 62122

The integration of Equations 19 and 21 yields,

o, =2 (23
4rry
) - QZ' (24)
4mr,
with
X 1
Q = ° q. - U
' 0, € €,(X,=X,) 0y Mo Ky (X, = X))
(25)
Where
,_\/ 2 2 2.2
n=yX“+y“+ao;z (26)
and also;
X 1
Q == . g+ Um
? a280€n(x2_xl) a, M IJ'n(XZ_Xl)
(27)
in which
r;:\/x2+y2+0(§z2 (28)

using ®, and @ ,, the potentials ®, and P
and therefore the E and H fidds can be

IJE Transactions A: Basics



determined from Equation 5.

3. FIELDS OF STATIC CURRENT SOURCES

Consider a uniaxial chiral omega medium with
static electric and magnetic current sources J and
jm respectively. These sources are related to E

and H fieldsby:
OxH=J (29)

OxE=-J (30)

m

Furthermore, in this case we can write:

Om=0 |, Om=0 (31)

Similar to magnetic charges in section 2, it is observed
that magnetic current source jm produces both
electric and magnetic fields. Therefore a magnetic
current source acts as both magnetic and electric
current sources. In addition, one can consider that a

magnetic dipole jm acts as a small electric current

loop with an identical magnetic moment.

Using the Relations 29 through 31 and
congtitutive Relations 1 and 2, one can obtain
Equations 32 through 35 in Cartesian coordinate
system as follows;

oE, _aEy _ OE, OE,
dy o9z ™ 9z ox we
aEy_aEX__
ox oy ™
(32)
OH, OH,  oH, oH, _
dy o0z o9z ox
oH, oH, _
ox ay °
(33)
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aHX +aH_y

JE,
£08, (%

oE,
+W)_Jkt €oHo

oH, OH 0E
k€ —*-—Y)+g e, —2=0
o Mo ( oy ox )+E0¢E, 3

(34)
OH aE dE
MO ( 0 MO / )+
OE, E oH,
k&g Ho (50 —) U e, — P
(35)

For simplicity, we decompose the vectors and
vector operators into longitudinal components
along the z axis and transverse components in the
plane perpendicular to the z axis in Cartesian
coordinates system throughout the andyss. Therefore;

0=0,+22 (36)
and

A=A +A,? (37)
Where;

0. 0 . - A "
O =—X+—Vy and A, =A_X+A 38
t ax ayy t X yy ( )

Applying partial derivative ai in Equations 34
z

and 35 and making use of Expressions 32-33 and
with regard to the operator and vector notations
36 through 38 and tedious algebraic
manipulations, for longitudinal components of
fields a set of coupled differential equations is
obtained; i.e.

2
2 z
8OStDt EZ+80€n -
022

JKt/€o Ho OfH, =

(39)

with:

Vol. 16, No. 3, September 2003 - 251



aJ, aJ
=ik, .[e Y T
Br=ik¢y/€oHo (Ox ay)

. 0J
+jky€oHo a_zz (40)

0J my 0Jnx )
0X oy

+€0 & (

and

9°H
MoKy OF Hy +po Hp —%
0z

+]Ki+/€0 Ho OZE, =B,

with:

(41)

0y 9J
= ik..[e y _ YY9mx
Bo = jkiy/€o Ho (ax —ay )

, 0J
+ikyEo Ko ar;z (42)

0J, aJy
+ —
Mo My ( dy _ax )

Using Equations 32 and 33 and 36 through 38 and
some algebraic manipulations to eliminate the
longitudinal field terms, one can eliminate the
tangential field terms and obtain a set of coupled
wave equations for the transverse components of
thefields.

_ 0°E
£ne, 0°E, +e¢ t
0 t t t 0 n azz (43)
‘jkt\/‘?oUthzﬁt:B'l
and
9o
0°H;

Mo My OF H +HoHy —
0z (44)
+]Ki/€0 Ho thét =B}

Where;
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B;:jkt\/so Mo itXJzi+jk €0 Mo Ijt‘]z
(45)

mt

+e,e, 0, %I 2+g,€, 2% e

and
BIZ :jkt \]80 IJ'O Iiltx‘]mzi_jk 8O IJ'O Ijt‘]mz

- N
- 0,xJ z- 7Zx—L
IJ'O ut t z IJ'O I"ln az

(46)

A solution of Equations 39 and 41 as well as the
coupled Equations 43 and 44 yields longitudinal
and transverse field components respectively. To

find the longitudinal components, we assume EZ

and I:IZ as a linear combination of two auxiliary
vector functions f, and f,;

EZ:f1+f2

(47)
H, =X} f, +X) f,

Where X) and X! are unknown constant

coefficients. Substituting EZ and HZ from 47 in
39 and 41, two partia differential equationsfor f,
and f, are deduced in the following forms

12

X, m;? m
D1EEf1: 2,1 —~B.- 1, —B,
€&, (XZ_Xl) Ho K (XZ_Xl)
(48)
X: m12 m12
Dmf == l 12 I B + 2’ I B
2 80€n(X2_X1) ' “oUn(Xz_Xl) ?
(49)
Where
€,€E
mllz:a_lzze £ —jk0 r:e H, X!
1 0%t t oMo ™M1 (50)
12 1 — SOen
m2 5

as; 8o‘c:t_jkt €oHo ><'2
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Uniaxial Chiral Omega
Medium

X

Figure 1. A localized current source at origin in a uniaxia
chiral omega medium.

and X;,are the same as X,, in Equation 14.

Further more [;° and [ are in Equations 12
and 13.

[ (st M, —€, p-t)i\/Z

X 51
- 2n, kK, H, &1
With:
A= (etun —snut)2 +4kZu €, N, = % (52)
0

and 3, and (3, aregivenin 40 and 42.

It can be seen that for any current source,
Equations 48 and 49 together with 40 and 42 can
be transformed to conventional Poisson's equation,

the solution of which yields, f, and f,. The
longitudinal field components, E, and H, can

therefore be obtained from the corresponding
equationsin 47.
In asmilar manner, to obtain the transverse field

components Et and I:|t from 43 and 44, we
specify these components as a linear combination

of two auxiliary vector functions qu and @2 as
follows:

E =W +W, , H =X¥ +X, 9, (53)

Substituting from 53 in equations 43 and 44 and
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after similar algebraic manipulations, a set of two
differential equations in terms of the unknown

functions qu and @2 is obtained. i.e.

r 12
szl R

B,

D]FELTle r 1
€€, (X5 =X7)
12

m n'
- l! IBZ
uol‘ln(XZ_Xl)
] 12
DEQqJZZ_%B;
€€, (X3 =X1) (55)
12
TR vt
uoun(XZ_Xl)

(54)

The operators [0;> and [ and the values of
X! and X, aregiven by Equations 12, 13 and 51
respectively. It can be seen that for a current

source, Equations 54 and 55 together with 45 and
46 can be transformed to conventional Poisson's

equation, the solution of whichyields ¥, and ¥.

The transversal field components, Et and I:It can

therefore be obtained from the corresponding
eguationsin 53.

4. ELECTROMAGNETIC FIELDS OF
LOCALIZED CURRENT SOURCES

Consider a uniaxial chiral omega media with
constitutive relations given by 1 and 2 in the

presence of constant localized current sources
(Figure 1);

J= (3, %+, 9+3,2) &(x) 3(y) 3(2) (56)
and

I = (I X+, 943, 2) 3(x) 3(y) 8(2)
(57)

In order to obtain the EM fields, the functions

f,,f,, % and W, should be obtained from 48,
49, 54 and 55 respectively. Using 48 through 52
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and 39 through 42 and denoting operators L, and
L, asfollows;

. 0 0 . 0
L, =K y/€ My (Jya_x_‘]xa_y)+]k\/€0uo Jz&

0 0
+£0€t(‘me&_‘me E)
(58)
and
L, =ik & Ho (J i_‘] i) —jkygoHoJ i
™ox ™oy ™ 0z
0 0
+ J—-J, —
P—op-t( X ay y OX)
(59)

After laborious manipulations one can finally find
f, and f, as:

D [ 12 12 D
f,=0 er,nl Nk ml. ~L.(o,

(o &n (X5=X31) Mo M, (X5 =X7) |
(60)

0 X!'m.? m.? O

f = D— 1 12 I L + 2' I L m
? Deosn(XZ_Xl) ' uoun(XZ_Xl) 2D2
(61)

Where
1 1
Q= LT (62)
4mtm, r; 41tm, 1,

Then the longitudinal field components can be
found from the following expressions

Ez:fl+f2 ’ Hz:X;.f1+X'2f2 (63)

In asimilar manner the field components Et and I:It

require the evaluation of qu and @2, functions.

Using the source Expressions 56 and 57 together
with Expressions 45 and 46 in Equations 54 and 55
and denoting the vector operators

L, and L}, as:
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I:'lz(Jkt \/80“0 ‘]z +£0£t ‘]mz)ljtxz
+jk\)80u0 ‘]zljt +£0£n (me)A’_me)A()ai
z
(64)
I:,2: (Jkt 80“0 'sz _IJO p’t "]z)ljt><2

. - . oy 0
~JkyEgHg I,y ~Ho (ny—Jyx)E

(65)
Which finally yields ¥, and W, as:
_ D Xr m12 ~ m12 . D
W = 2 ; : ; 17 l, —~ L0,
[fo€n (XZ_Xl) Mo My (XZ_Xl) [
(66)
; _d Xy my? = my’ -, O
:D— T I + ! ! L I:g
? 0% &, (XZ_Xl) ! Mo Ky (xz_xl) 2|] 2
(67)

Then the field components Et and I:|t can be

obtained from 53 and the total E and H fields are
expressed as

E=E,+E,Zz , H=H,+H,2 (68)

z z

5. SPECIAL CASES

5.1 Medium With k = 0 In this case, omega
particles do not exist and the medium has only
chiral helices with chiralities in the X and V¥

directions. Such a medium can be called anisotropic
transverse chiral medium. In view of preceding
sections with regard to k = 0, we have two types of
SOurces:

1. Electric and magnetic charges: In the presence
of only electric and magnetic charges,
potential functions ®_ and P, do not

depend on omega parameter k. Thus, all
equations and presented solutions in Section 2

corresponding to potential functions @ and
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®, and E and H fields are valid in this

case. Although it is observed that omega
parameter, k has not any effect on
electromagnetic fields in the presence of
electric and magnetic charges, but there exists
cross coupling between electric and magnetic

fields viathe chirality parameter Kk, .

2. Jand J, as sources. Setting k = O, in the
eguations of Sections 3, 4 involving current
sources, the equations and solutions for E and
H fields can be obtained. In spite of
suppression  of  magneto-electric  cross
coupling effects due to the absence of omega
particles ( k = 0 ), it is observed that the

existing cross coupling between electric and
magnetic fields through the chirality parameter

of the medium, Kk, , remains unchanged.

To verify the analysis, consider the special case,
k,=0 and k=0, in which the medium will
transform into a conventional isotropic dielectric
mediumwith €, =g =1 and Y, =y, =1.

With regard to Equations 23 through 28 and 14-
15, one can obtain the potentials ®, and @
from (8) as

r= /X2+y2+22

with regard to the distance variable, r, the above
potentias, @, and @, are completely in agreement
with the well-known static electric and magnetic

potential solutions for ordinary isotropic dielectric
medium.

5. 2 Medium with k; = 0 In this case the chiral
helices do not exist (k, =0) and the medium has

only omega particles which affect in X and V¥

directions. Such a medium can be caled anisotropic
transverse omega medium. By considering the

IJE Transactions A: Basics

previous sections, and with k, =0, it is concluded
that in a medium with k, =0 and in the presence
of only electric and magnetic charges (p, and
p, or Q, and Q, ), the potential function ®,

or (@, )depends only on the electric charges and
variable r, (or only on the magnetic charges and
variable 1, ). Where, r, and r; are completely
different. This difference between r, and 1 is
due to the fact that r, depends only on the medium
permittivity tensor € and space coordinates, while

I

r, is related only to the medium permeability
tensor f and space coordinates. On the other
hand, according to the anisotropy present in terms
€ and [, one can see that similar to section 2, in
the presence of electric and magnetic point charges,
@, and P potentials, and consequently E

and H fields do not have any spherical
symmetry. Furthermore for k, =0, potentials

@, (and the corresponding E field) and (O

(and the corresponding H field) depend on
electric charges and magnetic charges.
Consequently there is not any coupling between
electric and magnetic fields in this case. Thisis
in contrast to the similar problem in previous
case (k = 0), where cross coupling exists
between electric and magnetic fields through

chirality parameter, K, .

k¢ = 0, with only Current Sources Present (J
and J,,) Similarly; either of the fields E or H

depend on both electric and magnetic current
sources. This magneto-€electric coupling occurs due
to omega parameter k of the medium through the
current sources. In comparison to the similar

problem in k = 0 case (5.1, part b), in the k, =0
case, the E field depends on a single distance
variable r,, while H depends on the distance

variable r; which is completely different from the
similar problemin k=0 case, in which due to the

chirality parameter Kk, either of thefields E and
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Equipotential curves in yoz plane
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Figure 2. Equipotential contoursfor (g =0.01C in yoz plane for the special case: Ky =0,&; =3, &, =2,k=1, u,=p; =1.

H relates to both distance variables ] and r}
simultaneously.

Asan example, we determine ®, and ®, ina
special case. By setting k, =0 and g, =0 in
Equations 23 and 24 and with regard to 25 through
28, 14-15 and 8, one can obtain the potentials @,

and @, as

= qe

e
4Ttsoﬂ/st €, T,

) (69)

|q)m
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With:

re:\/xz_'_yz_'_g_tzz
EI"I

As a numerical example, k,=0,g,=2,k=1,

M, =H,=1 and g,=0.01uC, with regard to 69,

the equipotential contours for @, and ®,, inyoz

plane are obtained to be elliptic, as is shown in
Figure 2. A further investigation reveals, that with

increasing the chirality parameter, k,, of the
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medium, the magnitude of both electric and
magnetic potentials ®, and ® , will increase. An

adequate treatment for these special cases is
intended for afuture article.

6. CONCLUSION

The electromagnetic fields due to both static
electric and magnetic charges and current sources
in an unbounded uniaxial chiral omega medium
were studied and the special cases of the medium

with k=0 or k,=0 was briefly pointed out in
this work. Two scalar electric and magnetic
potentials @, and @, as alinear combination
of two different scalar functions @, and @,
were introduced. The difference between ®, and
®, is due to anisotropic feature of the
permittivity € and permeability [ and the
chirality parameter, k,. These parameters appear
in the distance variables r; and r, (26 and 28) via

a, and a, in1l Thisisin contrast to the general
isotropic media, in which, these potentials involve
only a single function proportiona to (1/r), where
I is the distance between the point charge and the
observation point [3]. Therefore the fields E and
H associated with point charges do not have
spherical symmetry in anisotropic media. With this
respect the magneto-electric cross coupling
parameter of omega particles of the k medium; has

not any effect on the functions @, and @, in
Equations 23 and 24. According to 11, the terms
a, and (a,) which exist in variables r; and
(r,) do not depend on the omega parameter k. In
the case of current sources, it is observed from 62
that g, and g, are different. The differences
between g, and g, are due to the terms r; and
r, as before and the terms m; and m, in 50.
Therefore according to 60, 61, 66 and 67, the
functions f, and f, which depend on the

functions g, and g, , are different, as well as qu
and q—; Hence, because of anisotropy of permittivity,
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permeability, and chirality parameters (?,ﬁ and

K.): the physical behavior of E and H fields

are properly different from that of a similar
problem but with general isotropic media [4].
Furthermore, it is evident from 26, 28, 50 and 62,
that the magneto-electric cross coupling parameter
of omega particle k, cannot contribute to the

functions g, and g, via the terms rj, r,,m;
and m.,. Only omega parameter k, contributes to
the fields E and H through B,.B,,B..B, and
operators L,,L,,L; and L. in corresponding
relations in Sections 3, 4. Therefore this is another

significant property of such a medium, which is
fundamentally related to identical contributions of

parameter k on fields E and H in constitutive

Relations 1 and 2. For the specia case (5. 1, part
(a)) where k = 0, it can be seen that in the presence

of electric and magnetic charges (p, , P, oOr
Q.. Q) al solutions for potentials ®,, @

and the fields E and H given in section (2), are

valid. With the existence of only current sources,
some terms involving current sources given in

Sections 3, 4, such as B,,3,,B;,B, and operators
L,,L,,L; and L’ have been changed for k = 0
and other terms related to E and H such as 1]
and r, and the terms m;,m; ,X;,X}, o, and
o, remain unchanged. For this case, cross

coupling between electric and magnetic fields
occur due to the chirality parameter k,. For

k, =0, in the presence of electric and magnetic
charges, potentials ®, (®,,) and related fields;
E (H) depend only on the electric charges and
distance variable r, (magnetic charges and
distance variable r; ).Where r, (1)) is different,
with the dependencies of r, to permittivity tensor
€ and 1, to permeability tensor 1. In this case,
potential @, and the corresponding E field
depend on electric charges but potential @,

and the corresponding H field depends on
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magnetic charges. Therefore there is not any
cross coupling between electric and magnetic
fields.

For a medium with k, =0, in the presence of
only current sources (je and jm), either field,
E or H depends on both electric and magnetic

current  sources je and Jpy,. This magneto-

electric coupling occurs due to omega parameter k
of the medium via current sources. Furthermore for

all kinds of sources with k, =0, E depends on a
single distance variable r,, while H depends on a

single distance variable r,, which is completely
different from the similar problem in the case k =
0, in which case due to chirality parameter k.,

gither of fields, E or H is related to both
distance variables r; and r, simultaneously.
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