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Abstract—1In this paper, the explicit formulas are derived for the six
components of the electromagnetic field in air excited by a horizontal
electric dipole over a planar high lossy dielectric coated with an
anisotropic uniaxial layer. Similar to the case of the three-layered
region consisting of air, a uniaxial layer, and a perfect conductor,
the total field consists of the direct field, the ideal reflected field or
the field of an ideal image, the lateral-wave field, and the trapped-
surface-wave field. It should be pointed out that the trapped surface
wave can be separated into the trapped wave of electric type and
magnetic type. The wave numbers in the p direction of electric-type
trapped surface wave, which are between kg and kj, are different
from those of the magnetic-type trapped surface wave, which are
between kg and k7. When the thickness [ of the uniaxial layer satisfies
nw < Z—f(kz% — k)Y? .1 < (n + 1)7, there are n + 1 modes of the
electric-type trapped surface waves. When the thickness [ satisfies
(n—3)m < (k3 — ED)Y2 1 < (n+ $)m, there are n modes of magnetic-
type trapped waves.

1. INTRODUCTION

The electromagnetic fields generated by horizontal and vertical electric
dipoles in a three-layered planar region have been visited by many
investigators [1-10]. In early 1990s, King et al. had presented the
simple analytical formulas for the electromagnetic fields of horizontal
and vertical electric dipoles in the presence of the three-layered planar
region [2-4]. In 1998, Wait [5] presented a comment on [4] and claimed
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that King and Sandle had overlooked the trapped-surface-wave term,
which varies as p~1/2 in the far region. To clarify the debate, the
old problem had been re-visited in several papers [7—9]. It has been
concluded that the trapped surface wave can be excited efficiently by
horizontal and vertical dipoles in three-layered region.

Recently, Li and Lu [10] have visited the electromagnetic field
excited by a horizontal electric dipole in a three-layered planar region
consisting of a perfect conductor coated with a uniaxially anisotropic
layer under the air. In many actual cases, the layer under the uniaxial
layer is a lossy medium. In what follows, with the extension of [10],
the similar derivations and computations will be carried out for the
electromagnetic field in air excited by a horizontal electric dipole over
a planar high lossy dielectric coated with an anisotropic uniaxial layer.

2. ELECTROMAGNETIC FIELD IN AIR OF A
HORIZONTAL ELECTRIC DIPOLE ON A LOSSY
MEDIUM COATED WITH A UNIAXTALLY
ANISOTROPIC LAYER

2.1. Integrated Representations for the EM Field in Air of a
Horizonal Dipole

In this section, the integrated formulas are derived for six components
of the electromagnetic field in the air due to a horizonal electric
dipole for the three-layered planar region consisting of a lossy dielectric
coated with an uniaxially anisotropic layer under the air. The relevant
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Figure 1. Geometry of a Z-directed horizontal electric dipole on or
close to the surface of a dielectric coated with a uniaxially anisotropic
layer.
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geometry and Cartesian coordinate system are illustrated in Fig. 1,
where a unit horizontal electric dipole in the % direction is located at
(0,0,d). Region 0 (z > 0) is the upper space above the uniaxial layer
occupied with the air, Region 1 (=1 < z < 0) is the anisotropic uniaxial
layer characterized by a permittivity tensor of the form

ET 0 0
£1 = ¢ 0 er O . (1)
0 0 €L

and Region 2 (z < —I) is occupied by the lossy dielectric. It is assumed
that Regions 0, 1, and 2 are nonmagnetic so that pg = pu1 = pe. So
that the wave numbers of the three regions are

ko = wy/mogo
kr = wy/1ogoeT, kr = wy/mogoeL
]{72 = Wy ﬂoéoég (2)

where €9 = g9 — €2 is the relative permittivity of Region 2, and

5 w’
o9 is the conductivity of Region 2. With the time dependence e
Maxwell’s equations in the three regions can be expressed by

—iwt
b

V x Ej = inj (3)
V x Bj = lo (*iwéjEj + CZ‘JE) (4)

where
Je = 1dlo(x)d(y)d(z — d) (5)

is the volume current density in the dipole.
On the interface at z = 0 between Region 0 and Region 1, the
fields should satisfy the following boundary conditions

Era(2,y,0) = Eoz(z,y,0) (6)

Eyy(z,y,0) = Eoy(z,y,0) (7)

k‘LElz(ﬂﬂ Y,0) = koEo:(z,y,0) (8)

Bi(z,y,0) = Bo(z,y,0). (9)

Similarly, on the interface at z = —I between Region 1 and Region 2

should satisfy the following boundary conditions

Ey(z,y,—1) = Egp(x,y, —1) (10)
Eyy(z,y,—1) = E1y(z,y, 1) (11)
koEs.(x,y, —1) = krE1.(z,y, —1) (12)
( ) = (13)

B2 z,Y, —l B ($ y7_l)
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With the extension of [10], the formulas are derived readily for the
six components of the electromagnetic field in air due to a horizonal
electric dipole. They are

wpoldl
E = — .
0p(Ps 95 2) mRg Y
[Fpo(ps 2 —d) — Fpo(p, 2 +d) + Fpi(p, 2 +d)]  (14)
wpoldl
EOSO(pﬂDaZ) = 47l'l€(2] S
[Fpo(p, 2z —d) — Fpo(p,z +d) + Foi(p, 2z +d)]  (15)
twpoldl
EOz(p? QO,Z) = 471']{38 * COs
-[on(p,z—d)—Fzg(p,z+d)+FZ1(,0,z+d)] (16)
Idl .
Boy(p, ,2) = —MZW -singp
'[Gp()(paz_d) _GPO(paz+d) +Gpl(pﬂz+d)] (17)
Idl
Boy(p, ,2) = _Mjm S cosp
[Gpolp, 2 —d) = Guolp, 2+ d) + Gp(p, 2 + d)] (18)
tuoldl .
BOZ(pﬂO?Z) = :LLZ?T FSI

(Goo(p,z —d) — Goo(p,z+d) + Go(p,z +d)]. (19)

In order to contrast with the available results, the formulas of the
above six components for the uniaxially anisotropic case are written
in the similar forms as addressed in [2, 9, 10]. In these formulas,
Fro(p,z — d) and Gpo(p,z — d) (m = p,¢ and z) represent the
direct field of the horizontal dipole at (0,0,d), and Fy,0(p, z + d) and
Gmo(p, z + d) represent the ideal reflected field or the field of a ideal
image dipole at (0,0, —d). It is noted that the integrals for the direct
and ideally reflected fields in the air of the horizontal dipole over perfect
conductor or a lossy dielectric coated with the isotropic or anisotropic
layer are same. The values Fio(p, z £ d) and Gno(p, 2z £d) (m = p, ¢
and z) had been evaluated by King in [2, 3], and will not be duplicated
in this paper.

Next, emphasis is placed on finding a solution of the last terms
in the brackets in (14)—(19) by using analytical techniques. The last
terms are expressed as the same forms in [2, 9], and [10]. They are

Fpl(pvz+d): 92<p7z+d)+FP3<p7z+d) (20)
Fyi(p, 2 +d) = Fya(p, 2 +d) + Fs(p, = + d) (21)



Progress In Electromagnetics Research, PIER 73, 2007 75

Gpl(pvz+d) = Gp2(pvz+d)+Gp3(p7Z+d) (22)
G%’l(pvz"i_d) = GGDQ(p72+d)+G<P3(:0aZ+d) (23)
where
( 2t d) Lo[ee iy0(#+d)
a3 / 0@+ DA F L)) 0NN (24)
FpS(P z+d) ko _ . pt0(2Hd)
Fuos(p,z+d) 2 o (Ps=1)[Jo(Ap) £ J2(Ap)]-€ AdA(25)
Gpa(p,z+d) }/‘X’ iv0(z+d)
Goalpz+d) — 2o (@3 + 1) [Jo(Ap) £ J2(Ap)] - e AdA - (26)
Gpa(p,z+d) _ 1 [ B ino(z+d)
Goslpoztd) — 2y (P3 —1) [Jo(Ap) F J2(Ap)] - e AdA (27)
Foi(p,z+d) = /0 (Q3 + 1)T1 (Ap)e 0+ N2 (28)
Corlp,z+d) = — /0 VU (Py = 1)T1 (Ap)e ) N2, (29)

The integrals F,1, Fpo, Fpo, Gy, and Gy involving (Q3+1) are
defined as the terms of the electric-type (TM mode) field. The integrals
G1, Fp3, Fu3, Gp3, and Gy3 involving (P3 —1) are defined as the terms
of the magnetic-type (TE mode) field. The factors (Q3+1) and (Ps—1)
are expressed as

0 o iyr tanyrl
2(qu+1) = (2 - B2

k2 k2
Y o 72 L, Koy -1
l:k‘2 + F - (k‘2 + ka% L) -tanfyLl} (30)
k—g(P —1) = —k? (T—Ztan l)
2 ° O\ 72 o

-1
(31)

2

A+ Lo - i(% + %) - tan 7l
72 V2

where

Y =kt =X, Im{yp} >0
fer?
M= 2 (k% - >\2) , Im{yz} >0
L
v =k -2,  Im{y}>0

v = ki — N2, Im{y2} >0
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A= k4K
k2 = kier, k2 = kiep, ki = ki&
ko = w/foeo = 2w/ o, w=2nf. (32)

Here f is the operating frequency and g is the wavelength in air.

2.2. Evaluation for the Terms of the Electric-type (TM)
Field

All integrands in (26)—(29) converge very slowly for including Bessel
functions Jj(Ap) (j = 0,1,2) with highly oscillatory. In what
follows, we will attempt to evaluate these integrals by using analytical
techniques. Considering 7o, 77, and yr are even functions of A, use
is made of the following relations between Bessel function and Hankel
function

In(Ap) =
H{P(=\p) =

D O) + HP () (33)

1
2
(=" HP (). (34)

Substitution (33) and (34) into (24) yields to

. (72_2'7 taml) o(e-+d)

F, 1/00 k3 k2
Fo, 2oy | m L, k30
tan -yl
2R\ TRy, )
1
[HS ) F HY ()] A, (35)

Following the similar method addressed in [8], the integrals in (35) can
be evaluated readily. It is necessary to shift the contour around the
branch lines at A = kg, A = kz, and A = ko for evaluating the integral
n (35). The configuration of the poles and the branch cuts are shown
in Fig. 2. The poles of the integrands satisfy the following equation.

W, e (o, ke
A
1N =722~ (k:% T k2

When ks — oo, the above pole equation reduces to (29) in [10].
In order to analyze the pole equation, it is necessary to define a value
s = ko/ke, which a perfect conductor or dielectric can be characterized.
For the perfect conductor case, ko — 0o, s=0. For the dielectric case, s
will be a complex number with its magnitude being less than 1 and its

> tan~vyrl = 0. (36)
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Figure 2. The configuration of the poles and the branch cuts for the
electric-type (TM) field.

phase being from 0° to 45°. Then the pole equation can be rewritten

as follows:
vo S\ 182N /kG Y084/ 1— 5272/ k2 k2 v
q(s, A) = F‘f‘ 2 -1 i3 +k:_2 tan(yrl)
0 0 LR T
=0 (37)

Assuming that \jp is the j-th root of (37), we have

Yor = kS — Nk (38)

* kT 3
7= VR - AR (39)
L

Vor = k3 = N (40)

It is seen that F},, and F,, can be re-written as in the following forms.

* . %
- Yor (—7,35 - —Z,ZQL tan W)
P2 . 2 T i'y* (Z+d) *
= " e'loE A ‘
Fo, zj: q/()‘jE) !
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* 1 *
' [H(()l)(/\jEP) + Hé )()‘jEp)}

2L tan%l) oi0(z+d)

1 / O\k2 k2
2 Jro4T 4T, q(A)

[ES o) F D ()] - Ad (41)

_ _ANe _ Ne
ks k3

. x )‘j'E k:2r A§E7§k A;E75 )‘;'E'YS V3
—ttanvypl| — 2 *+k:2k:2 - T o
T7L Kok Y7L 27L YL
+isec? yil <7—L k%w) Al (42)
k3 Kgk3vi ) i

In general, when the thickness of the uniaxially anisotropic layer

satisfies nm < ﬁ—z k3 — k3l < (n+ 1)m, Eq. (36) has n + 1 roots.
Correspondingly, the terms of the trapped surface wave have n + 1
modes.

Next, it is necessary to evaluate the integrals along the branch
lines I'g, 'z, and T'y. Following the similar procedures addressed in [7—
10], three integrals in (41) can be evaluated readily. First, we will
examine the branch cut I'z as shown in Fig. 2. Because the phase of
the branch cut I';, remains the same value on both sides, it is seen that
the evaluation of the integral along the branch line I'y, is zero. With
Region 2 being a high lossy medium, the integration along the branch
cut I'y can be neglected.

Considering the conditions kgp > 1 and z + d < p, the dominant
contribution of the integral in (41) along the branch line T'y comes
from the vicinity of ko. The parameter A\ = ko(1 + i72) is used for the
integration. At the vicinity of kg, 70, 71, and 79 are approximated as

Yo = V2koe! 5 T (43)
k
o~ p =k - R (44)

Y2 o~ vy =k} — k. (45)
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Use is made of the following relations

2] in/4 2
ei’YO(Z‘f‘d) . eikop—%—kopTQ _ ez’kop[l—s—%(zﬂ;d) }_% .e_kop(”eé zprd) '
(46)
Then, the integral along the branch cut I'g in (41) can be written in
the following form.

Y <22 - ZZ% tan*yLl> gholz+d)

I 1/
1= ¢
2Jrg E—I-E—' 7_L+k%7072 tan vzl
g8 \B T R

: [Hél) (Ap) F Hél) (Ap)} AdA

= 2¢ ikjA e'kor2
7Tk0

. [T (z4+d . 0 kop (z+d . )2
(=€ — A)4+=A? —— —iA
{ e 2k0p< ) +1 )—1-2 exp[ 7 5 ) )

.erfc[\/—ig(z;d_my }(_;p) (47)

ko V—Stan'yquLil;
A = kp k3

where

k2
1172 tan~yrl
kz’YL
V kL - k(% kT \/ k% - k(%
ko |[———t —Mk?—k?-l) v
0 [ Tk 0 (kL L=t
= : L (48)
k3 kr, k3 — k3 (kT
1—1 tan \/k2 k2 . l)
k3 k? — k3 kr ‘

Therefore the final expression of (35) can be obtained as follows:

YL
i i (75 - v
Po=imy
F,

s ; ¢ (Nin)

einE(z-‘rd) )‘;E
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( ) * (1) * 3 'Lk07'2
(ES (Npe) 7 HD (Npp)| + 27K A Wko
2kop\ p 2 P

.erfc[\/—@'%tzd_mf]},(_%p), (49)

Similarly, the rest several integrals can also be evaluated. We write

%L tan 7l

k2 k2
z'y Sz+d) (1) [+ (1) *

G, ZWZ ) TN [HO ()\ Ep):l:H2 ()\]Ep)}
k‘op Z+d . 2

—2k2A eihorz J [T T 1% A exp|— A
k3 7rk0 { ko+ el explz2< ; z)]
.erfc[\/ik‘gp <Z—;d¢A) ]} <_?> (50)

and

SRl ]
k—g — k:—2L tan v7 !

P gy ()

2
+21/~€S’AU eikorz. {,/ +—e 4Aexp[ Fop (ﬂ—zz‘l)]
wkop kop 2 )

2
-erfcl\/—i@ (Z+d—iA> ]} (51)
2 p

2.3. Evaluation for the Terms of the Magnetic-type (TE)
Field

The integrals for the magnetic-type field can be treated in the similar
manner to those of the electric-type field. The integral (27) can be
rewritten as follows:

Kk} (ﬁ —ttan 'yTl>
72

F,, 1/00
Foo o 2) oo Yoy ( 2
o+ L
72

ei’yo(z+d)
T

Yo + — | tanypl
72
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[HSY (Ap) £ HEY (Ap)]AdA, (52)

The configuration of the poles and the branch cuts are shown in Fig. 3.
The pole equation for the integrals (52) is as follows:

Alm(1)
A
A FT Fz
A F()
\4 ¢
i /,L;M Y oo \—/
Aiv e N ko
° kg
\ 4 >
0 N Re(4)

ko

Figure 3. The configuration of the poles and the branch cuts for the
magnetic-type (TE) field.

2
p(\) =~ + 2T (W + 7—T> tanyrl = 0. (53)
Y2 Y2

Next, considering the value s = ky/ke, the above equation can be
rewritten in the following form.

2
S S
p(A;s) =1+ 1T i (”yo + T ) tanyrl = 0.
ko

koy/1—A2s2/k2 \/1—2A2s2 K}

Then, we have

(54)

7 k3 <”7V§ — itan 7}l> I

pP3 ye (24 *
= T " e’ Tom )"M

Fopg 2]: p/()‘jM) !

[HS Naep) = HY (Nap)]
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k2 (W —itan 'YTZ> eio(z+d)

+1/ 0 V2
2 Lo+ 412 p()\)
1 1
HGY ) = HEY ()| - Ad (55)
where
- v N (% W8T L e )
(N == - |+ - + i\ tanypl
Aju) Y1 "2 (72 YT 72 > M g
12 +2 A +2
: _*+—*—7—33 +j—iv[lsec27}l 78+77; . (56)
T Y2 e T 2

Through analyzing the pole equation, it is found that the following
characteristics: When the thickness [ satisfied (k2 — k3)1/2 -1 < 5
the magnetic-type trapped surface wave cannot be excited. When
the thickness of the uniaxial layer increases and satisfies the condition
5 < (k% — k3)Y/? .1 < 7, the magnetic-type trapped surface wave
can be excited efficiently. When the thickness | satisfies (n — )7 <
(2 — k)21 < (n+ 1), there are n modes of magnetic-type trapped
waves.

Similar to the case of electric-type field addressed in Section 2.2,
the integration along the branch line I'j is zero and the integration
along the branch cut I'y can be neglected. So that the next task is to
evaluate the integral along the branch cuts I'yg. Along the researching
line for the electric-type case addressed in Section 2.2, we obtain
readily.

k2 <7T —itan VTZ>
V2

1
12 == 5/ 2
YoYT 2(

eio(z+d)
Foyr+———1|v+ 7—T> tan ypl
72 Y2

[ 00) £ 5 09)] -2

. 1 T T kop (z4+d . 2
= 2k}, | ——eikor2 \———=€"4Bexp |—i—— <——|—zB>
0\/;op { kop V2 P l 2 p

k d 2 _L
-erfc \/—in <Z+ —i—iB) kop (57)
2 p 1
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where
2
1 — 1L tan ypl
B = 2 . (58)

ko <tan7Tl + z)
72
And similar approximates have been made by
Yo o~ Ve Tr (59)
o~ =k kg (60)

Y2 o~ vy =\/k3 — kG (61)

Then, the evaluation of (52) can be obtained as follows:

r Kk} <7 —itan ’yTl>
p3 2 iy (2+d) y*
R T gy

®3 JM

[0 () 5 ()

/1 i +d Y
—9; ]{Z Zk‘07'2 ™ ™ 1B s 0P (Z B)
LR 7T]€0 { kop \/5 1D exp l 1 2 P +1
k d 2
-erfcl\/—i%p (z; +1iB ]} k‘OP . (62)

Similarly, we get

. (T
G Y% (7 —dtan fyTl> "
pP3 2 iy (2 *

= T e 'oM A M
G T T ) j

[“uwm¢%Nﬁmﬂ

+2k2eE ieikor2 — el (Z+ d_ iB) T
mkop p 2kop

2
%—IB2 exp —i@ <z+d iB)
2 2 p

.erfc[\/—i% <z;d+z‘3ﬂ} _i (63)
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and
7—5 — i tanypl

- Y e (2 * 1 *
G = 2iTy We on +d))‘j%4 . Hj )()‘jMp)
J M

2
1 T T r kop( z+d
—2k2, [——ethor2! | T~ Bexp | —i—at +iB
O\ 7kop { kop V2 p[ 2\ »
k d 2
.erfc[\/—i%p (” —i—iB) H (64)
p

Similar to the case of the electric-type field, the magnetic-type

¥ 212
trapped surface wave decreases exponentially by eV Aj ko (24d) 4y, the

Z direction and attenuates as ,0_% in the p direction, and the magnetic-
type lateral wave is contributed from the integration along the branch
line I'y and the wave number is kg.

2.4. The Final Formulations for the Six Field Components

From the above derivations and analysis, and combined with the results
for the direct and ideally reflected fields addressed in [1] and [2], the
final formulas for the six field components are written readily.

wpoldl 2ko 20 (z—dV [ik§ 3k 3i
EOp(PaSO,Z):— Ak cosgo{— {ﬁ—i_ﬁ—’_ - _0__2__3

_eikorl+|:2k20+2§+<z+d>2 (’U{%_Sl{f_?ﬁ) :|€iko7“2
T

2 5 T9 T9 5 5
+Fp2 + Fpg} (65)
wpoldl LAY
E = — v _ - 1R0T1
0p(p, 0, 2) o Sm@[ ( 2 3¢

(66)
twpoldl p\[(z—d\ (kS 3iko 3\ ikor
Eo:(p, ¢, 2) = Ik COSQO[—(a)(T 7’_(1)+F_§ etkor

d\ (k2 ik )
+(£) (z—i— )(_0+:3Z_20_%>61k07“2+}721

(67)
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poldl .

z—d Zk() 1 ikor1
i 07 ( 1 ) (7“1 T%)e
z+d\ [ik LN kor
(- geeaa] e
2
_ poldl (z — d) (@ B iz) cikort
47 1 1 ]

d 1k 1\
(g @

2 T9 5

Bo.(p,,2) = Z#Zidl Singpl— <p> <k0 4 Z2> oikor1

71 (a1 1

K 1 ,
+ (p) (20 _ 2) e%kom + Gzl
2 (] 5

where 11 = /p?+ (2 —d)? and ro = /p?+ (2 +d)%2. If Region
2 is made to a perfect conductor by setting ko — oo, the above
results reduce to the results for the appropriate perfect conductor case
addressed in [10].

Bop(p7 @, z) -

Boy(p,p,2) = cos

(70)

3. COMPUTATIONS AND CONCLUSIONS

The electromagnetic field of a horizontal electric dipole near the a
planar dielectric coated with a uniaxially anisotropic layer includes
the direct field, the ideal reflected field, the lateral-wave field, and
the trapped surface wave field. Both the terms of lateral wave and
those of trapped surface wave can be divided into the electric-type
and magnetic-type terms. The total field, the lateral-wave term and
trapped-surface-wave terms for the radical electric field components
Eo,(p,0,2) and Eoy,(p, 7/2, z) are computed in several cases and shown
in Figs. 4-11, respectively.

From the above analysis and computations, it is concluded as
follows: i. The wave numbers of electric-type trapped surface wave,
which are between ko and kr, are determined by the operating
frequency, the permittivities er and ep, and the thickness of the
uniaxial layer. Similarly, the wave numbers of the magnetic-type
trapped surface wave, which are between kg and kp, are determined by
the operating frequency, the permittivity 7, and the thickness of the
uniaxially anisotropic layer. In the Z direction, the trapped surface
waves of electric type and magnetic type attenuate exponentially
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Figure 4. Electric field |Eo,(p,0,2)| and all terms in V/m with

f=100MHz, er = 6.254 0.02i, e, = 4.0+ 0.014, \/k2 — k% -1 = 0.47,
€9 =80,02=4,2=d=0m, and p =0.
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Figure 5. Electric field |Eo,(p,7/2,2)| and all terms in V/m with

f=100MHz, ep = 6.254 0.02i, e, = 4.0+ 0.014, \/kZ — k% -1 = 0.47,
g9 =80,00=4,2=d=0m, and ¢ = /2.
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Figure 6. Electric fields |Eg,(p,0,2)| with f = 100MHz, er =
6.2540.02¢, e, =4.040.014, 9 =80, 00 =4, 2=d=0m, and p =0
for two different cases: y/k2 — k% -1 = 0.47 and \/k% — k3 - 1 = 0.67.
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Figure 7. Electric field |Eg,(p,7/2,2)| with f = 100MHz, e =
6.25 + 0.02¢, ¢, = 4.0+ 0.01%, e = 80, 092 = 4, z = d = 0

m, and ¢ = 7/2 for two different cases: y/k7 — k3 -1 = 0.47 and

k3 — kS -1 =0.6T.
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Figure 8. Electric field |Ep,(p,0,2)| and all terms in V/m with
f=100MHz, e7 = 6.25 1+ 0.024, e, = 4.0 + 0.017, \/k2 — k2 -1 = 0.8,

€0 =80,02=4,2=d=0m, and ¢ = 0.
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Figure 9. Electric field |Eo,(p,7/2,2)| and all terms in V/m with
f=100MHz, er = 6.254 0.02i, e, = 4.0+ 0.014, \/k2 — k% -1 = 0.8,

g9 =80,09=4,2=d=0m, and ¢ = /2.
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Figure 10. Electric field |Ep,(p,0,z)| and all terms in V/m with

f =100MHz, er = 6.25+0.02i, 1, = 4.0+ 0.014, /k% — k3 -1 = 0.8,
€0 =80,02=4,2+d=0.8m, and ¢ = 0.
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Figure 11. Electric field |Eg,(p,7/2, 2)| and all terms in V/m with
f=100MHz, er = 6.254 0.02i, e, = 4.0+ 0.014, \/k2 — k% -1 = 0.8,
g9 =80,09=4,2+d=0.8m, and ¢ = 7/2.
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* 2 * 2
as eVAie —kg(z+d) and eVim 7k§(z+d), respectively. Therefore, the

trapped surface wave can be omitted when the source point or
observation point moves away and is not too close to the surface.

ii. It is noted that both the lateral waves of electric type and
magnetic type with the wave numbers being ko can be excited
efficiently.

iii. When the thickness [ satisfied (k7 — k3)Y/2 -1 < 5, the
electric-type trapped surface wave can be excited efficiently and the
magnetic-type trapped surface wave cannot be excited. When the
thickness of the uniaxial layer increases and satisfies the condition
5 < (k% — k%)l/2 -l < m, the magnetic-type trapped surface wave
can be excited efficiently. When the thickness [ of the uniaxial layer
satisfies nm < ]Z—f(k% — k)2 -1 < (n+ 1), there are n + 1 modes of
the electric-type trapped surface waves. When the thickness [ satisfies
(n—3)m < (k2 —k23)1/2.1 < (n+3), there are n modes of magnetic-type
trapped waves. Obviously, in the cases of the thick uniaxial layer, the
variation of the total field will be more complex and the interferences
occurs for the total field.

iv. Comparing with the results addressed in [10], it is seen that
the trapped surface wave for Region 2 being a high lossy dielectric
attenuates faster than that for Region 2 being a perfect conductor.
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