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Abstract: The construction of the solution to the canonical problem of the electromagnetic (EM) radiation by
current point source in the presence of horizontally stratified anisotropic medium. This solution is developed in
terms of the well known vertical (or z-propagation) plane wave spectrum integral representation for the EM fields.
The fields can be expressed in a compact form in terms of the dyadic Green's function for this problem. A rigorous
analysis is performed using a dyadic Green’s function formulation where the mixed boundary value problem is
reduced to a set of coupled vector integral equations using the Fourier transform.
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1. Introduction

The plane wave integral representation of the
dyadic Green's function for the canonical problem of
electric current sources in the presence of the layered
media may be constructed in several ways. One of the
most common approaches is to express the Green's
function in terms of a magnetic vector potential
(Somerfeld, 1949), where as another less used
approach is to construct the Green's function from a set
of appropriate electric and magnetic vector potentials
(Kong, 1986). In the former case, the magnetic vector
potential has two components; one parallel and one
normal to the interface. In the other approach, the
magnetic and electric vector potentials are normal to
the interface. If the electric current moment is chosen
entirely normal to the interface, then the two
approaches become identical since only a single
normally directed magnetic vector potential suffices in
this case. This is related to the fact that the normally
oriented current moment excites only the TM waves

(with respect to the normal Z to the interface), whereas
the current moment parallel to the interface excites
both TM and TE waves. Therefore, the total
electromagnetic field must be constructed either with
magnetic vector potential which can produce both TM
and TE waves (in this case the magnetic vector
potential must have components normal and parallel to
the interface in order to satisfy the appropriate
boundary conditions), or with the magnetic and electric
vector potentials which are both normal to the interface
(since a normally directed magnetic vector potential
produces TM waves and a normally directed electric
vector potential produces TE waves). One of the main
advantages of the later formulation is that boundary
conditions associated with the differential operators for
the two different types of vector potentials can be
uncoupled (Aliet al.,1982). In the case of a choice of a
single type of magnetic vector potential containing
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both a vertical (normal Z to the interface) and a

horizontal (transverse to Z or parallel to the interface)
components, the transverse component of the magnetic
vector potential will contribute to both TE and TM
waves, therefore, the boundary conditions for normal
and transverse components will be coupled. This
disadvantage will be pronounced if one deals with a
stratified or multilayer dielectric media, for which the
number of coupled boundary conditions increase, and
no simple approach exists.

In this study, a unified general approach to the
problem of radiation of arbitrary sources in a stratified
medium is presented. The model of the medium is
considered to consists of N horizontally stratified
layers and an upper half-space. First, all layers are
assumed to be isotropic, then the more general case of
a uniaxial medium is considered where all layers
posses both tensor permittivities and tensor
permeabilities which in general can be complex. All
axes of anisotropy are considered perpendicular to the
boundaries separating the different layers.

Starting by defining two types of dyadic Green's
functions which are dual to each other, namely an

electric type dyadic Green's function G and a

magnetic type dyadic Green's function r (Stratton,
1941). These Green's functions are resolved into their
TE and TM parts. The resulting integrals are expressed
in cartesian coordinates in terms of Weyl-type integral.
A simple procedure to obtain the fields in any arbitrary
layer is described. Tractable forms are shown to be
easily deduced from the physical picture of the waves
radiated from the primary sources and the multiple
reflections from the stratified medium. The dyadic
Green's function in the field region is properly
represented by extracting the delta function singularity.
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Recursion relations for appropriately defined reflection
and transmission coefficients are presented.

2. Material and Methods
2-2Dyadic Green's Functions for Layered Isotropic
Media
2-2-1Formulation

Consider the layered medium shown in (Figure.
2.1) with impressed sources located in an arbitrary
layer

(J ), J = 0,1,...¢ . The layers are assumed to be
(&;,44;)

isotropic with parameters . For an impressed

electric current source Ji located in layer (J ) and
wt

. . . . =i
varies harmonically with time as € , the wave
equation for 7 in the layer (¢ ) is given by
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Figure 2.1, Geometric configuration of layered medium
(v XV x i—kfi) E(F) = iou, T,(F)3,
2.1)

k2

2
whereti = @ Hi&i»

4 is the unit dyadic or

idem factor, and %y is the kronecker delta (5’7 =1

for ' =/ and5ij:0 for L *J )-

To integrate Eq. 2.1 an electric type dyadic
(7
G, (r,r")

Green's function for the layered medium

may be introduced. Using first subscript (i ) to denote
the layer containing the observation point and the

second subscript (] ) to indicate that the source is in
layer

).

The dyadic Green's function satisfies

the following relation
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0 , i=#j
I5(F,Fy, i=]j
(2.2)

(V xV x;—kf;) '@(’7,’7')

It can be easily shown that
E(F) = iopy, mV G,(F,7")-J (F)dV’
(2.3)

V.
where / is the volume included by the sources in
the layer (] ).

7 !
Thus, if the electric current density J(r") is
taken to be arbitrary oriented point source of strength

pEatFZF’,then
J(F)=pS(F~T")
The electric field £ may now be viewed as
E=iou,G(F-F)p,
where the dielectric layers are assumed to be
nonmagnetic with =K % Thus, it is important to

observe that the components of the dyadic Green’s
function can be inferred from the equation of the

electric field by inspection if E s excited by the
arbitrary oriented current point source Pe is known. It

is noted that the units of P¢ are A-m (and
therefore constitutes a point current moment )

1

-, 3

where as o(r,r") has the wunits of ™ | thus
J(r')=p o —r")
A

3
m

consistently has the units of

=i P
Therefore the dyadic Green’s function G (r 24 )

can be obtained from the electric field £ in matrix
form as:

E, G.G,G. | p..
E, |=iou|G,G G| p,
E, G.G,G. | p.
with  Pe
given by

ﬁe :ﬁexx-i_l_?eyy-i-ﬁezz
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This explains the physical meaning of the
different components of the dyadic Green’s function
G(7,F")

: .G
The dyadic Green's function Y satisfies the

following boundary conditions:

#x Gy =2 G (2.4
1 . = 1
—zxVxG. = G,
i (i+1)j

/ui lu(i-t—l) (24b)

at the surface 2 = ~d 1> ((=0,....n).

When the impressed sources are magnetic, a
IR

magnetic type dyadic Green's function
which satisfy dual expressions to Eq. 2.3 and Eq. 2.4
may be introduced.

M

Hence, if J represents a distribution of
magnetic currents in the layer (J ), one gets
o (7) = T (7 7\. M (7' r
H,(7) i (757" M (7)) dV

i g; J.J.J.V/ EI

Since G and F are dual to each other G and

2.35)

by duality the results will apply directly to F shall deal

with. The dyadic Green's function ij in the layer (J )
containing the sources, can be expressed as a
superposition of the unbounded dyadic Green's

=
function due to the primary excitation and a

GW
scattered dyadic Green's function
Hence for any layer (7)

G, _G”&,+ G

vy o= (2.6)
where the scattered dyadic Green's function
satisfies the homogeneous wave equation
(v XV x i—kfi) G (F,F) =
2.7)

2-2-2 The Unbounded Dyadic Green's Function

In an arbitrary region (J ) the unbounded dyadic
Green's function satisfy the following differential
equation

Val = =1 2

VxV xG Y (r,r )—k;

(2.8)
where by applying the Fourier transform, than

E(p)(r
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) 15(1’—1’) [kZ_kk

B 3 lk(r r)(2 9)
or—-r') _ (27r)
—0 (» ik (7=7")
SV _ (2”) jjj dk GV (k) e
(2.10)
where

Z z
k, = %k +5k, dk = dk, dk, dk,

Thus, Fourier transforming Eq. 2.8 in the r
variable, the result will be

—odexG P (k, 7)~k> G P (k, F)=Te T
(2.11)

I

That is
Kk -G (k. F)-k2G P (k.F)]- K2G P (k,7")

e (2.12)

Dot multiplying Eq. 2.11a by k , get

k2 (k-G P (k,7")) =k e (2.13)
2
Multiplying Eq. 2.12 by / and using Eq. 2.13,
than

1k —kk

k2 (k% - k)

Ql

P (k,7")= e " (2.14)

where
K=k} k) vk k242
k? =k} +k;
Thus,

G (7r) _
Ik —kk
(27T) JILa K=k} (k2 K¢

This Fourier transform representation does not
converge. The integrand tends to a constant as

k

zk (F 7"

(2.15)

RS

while ™x and ¥ remain finite, than

(Chew 1989): B
_ Tk? — (ks + 2k, )(ks + 2k )
k:(k* —k?) (k= k3)
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1 Y12 77 T oA AT Anp2
= —JIk; —ksks—kiZk_ —Zk k_ —22k]
2 2 2 z z z
ki(k” —k;) /
Zf,kz —>0
- J
Thus,
»n 1 L Ik —kk 33
G (r,rH= dke™ " " [—L——+ ==
=7 27’ J.J._J; [kf(kz —kf) kf]

85 (¢ F o~ e
~—— [ [dke* (2.16)
(272-) k] —©
The 1% integrand vanishes as 2  when
kz - OO, while kx and ky are held finite.
By virtue of Jordan’s Lemma and

dk

z integral can be evaluated
| z—z' | >0

Cauch’stheorem, the

first using residue calculus for by
picking up the residue contributions at the pole
locations given by

k =+k* k> =+k
z / § 7z The second

integral in Eq. 2.16 is just the Fourier representation of

= =1
delta function 5(1’ -r ) .
Consequently,

G (7 = [ ]:dl;v Tdk e "’**’7')@'*:‘““[—lk/2 R
(CZ M kj (k. =k ) (k. + k)
25 22
+ s - 2.17
kz] I ( ) (2.17)
where
Fs =XX+ Py

For z>Z' , we deform the integration path in the

k. -plane upwards ( see Figure. 2.2), to pick
k. =+k,

z

complex

up the contribution of the pole at

For z<Z' , we deform downwards, to pick up the

_ijA

.=

contribution of the pole at

. . . k,
The integration path is chosen such that Im( /#)
> 0 in order to satisfy the radiation condition.

Thus.
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Figure 2.2, Integration Path in the Complex £, plane

1

— zzo(r—r")
G» (77" _ k/z

A = kk | g
1 ikj-(rj—q')i J——1J ik, (z=2") > !
- I_J;dkxe ka{ ka :le , 2>z
’ : KK
i T o keGemy 1|7 | ik -2
- J.:[Odkx e k. {I ka e , z<z
(2.18a)
where

k, =k, +zk, K, =k, —zk,

/ § #(2.18b) 7/ § #(2.18¢)
.k
—
ky = k.

Recognizing that /7, forming an
orthogonal system consisting of unit vectors
e ol hik,

o olk,) and (k) as follows (Kong, 1986)
k xz2 1. .

. il =k—(xky—ykx) (2.19)

h(ka ):‘ J Xz s

Wk, ) ) Ak, )< £, .
~k, (%k, + 9k,) N

k k, 3
(2.20)
where
k. =k
. K
J =7 A _ o k
Also, K-/ , v( ij) , and h( jZ) form

another orthonormal set of unit vectors as follows :

A-k,) Alk.) 2.21)
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i-k,)

(%, + pk, )+ 2 ¢

(2.22)

Since / can be written as

; = kAjkAj + ]:l\(ka ) jl\(ka) + "}(ka ) "}(k]z)

(2.23a)

or A

i KK, bk )ik ok,
i-k,.) (2.23b)

o, . )

; _kjkj = h(ka)h(ka) + ‘;(ka)‘;(ka)

(2.24a)

};(_ka )+ ‘3(_ ka) ‘3(_ ka)
(2.24b)

oW
G (r r ) in a
region ( J ), can be represented in the following form

E(P) (F’F!)

I —13]13]:]’;(— ka)

The dyadic Green’s function

Hdk R ) kl

[h kil +v( ik, )]e" ¥e z'> |
[h( k. )h( k]z)+V( k. )v( k. )]eﬂk_,»z(m

(2.25)

,z>Z2'

,z<z'

. hxk,) .
Notice that 7 is a unit vector in the
direction of the electric field for a horizontally

A

polarized TE wave and is a unit vector in the
direction of the electric field for a vertically polarized
TM wave.

hlk,
In the above for z> Z’ , the TE dyad ( JZ)

fl(k. )eika(z—z')

i is formed by two unit vectors, the
anterior one is related to the field point where the wave
vector has a positive

z-component ( wave is propagating upward ). The
posterior unit vector is related to the source point

where the wave vector has also a positive z-component.
ik, (z-z")

The propagator € accounts for the phase

difference as the wave propagates from the source

point at Z " to the field point at z. For z> Z '
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}’l‘ _ k }’l\ _ k ika (z—z")
( 7 ) ( s )e . Similar discussion holds
for the dyad of the TM waves.

2-3Source and Observation Points in the Same
Layer

7 !
2-3-1The Dyadic Green's Function Co0 (FsT")
Consider electric sources be located in the upper
half-space of the layered isotropic medium of Figure.
2.1, and it is required to find the field in the upper half-
space also.

In this case 00 is the superposition of the
aw
given by Eq.

()
00

unbounded dyadic Green's function

2.25 and a scattered dyadic Green's function
which is the contribution caused by layered medium.

(i) Forz<Z':

It is possible to construct the dyadic Green's

e

function GOO (I’,I’ ) from the physical picture of the
waves radiated from the source and reaching the field
point. From Figure. 2.3, it is clear that adding the
unbounded dyadic Green's function (the direct waves
from the source point to the field point) and the waves
reflected from the layered stratified medium with

generalized reflection coefficient R at the lower
boundary of layer ( 0 ) together. The superscript S
stands for TE or TM waves.

Thus,
G (F,F")_
ZZ oo ] S R AN |
=5 - I dk ko (r-1) 1
kg = 87’ ‘[‘L" e ko.

(ko Ya(k,, Je™o-Goms) 4
:Eo }Z(kOZ )}2(_ ka )eikOZ(Z“Zé)
v (ko Jo(ky, Je o omm) +
M 0k P (= k. Je s Gorsd)
(2.26)

2-3-2The Generalized Reflection Coefficient RN

N

The generalized reflection coefficient “ "/ with

l[=o1,.. (n— 1), can be obtained by using the
picture of the multiple reflections shown in Figure. 2.4.
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NAVAVAVA

hge1
(+1)
Ry

Figure 2.4, Determination of

s

Note that “*n/ is the reflection occurring at the

lower boundary of layer ( [ ) and contains the
contribution of all the underlying layers.

)
le —
N s lk(M) by ps ikrinyz by s
R1(1+1) + T/(1+1) Rm(m) e T(1+1)1
K 1k(1+1) hisny ps ikri1yz hiey
+ T;(Hl) Rm(l+l)
RS elk(M) h(1+1)RS elk(M) iy T‘

(I+1)1 N(I1+1)

s s s s 2ik iz By
Rl(l+1) + T;(Hl) Rm(l+1)TEl+1)l e

sy T

[1+m+m2. .. ](2'27)

where

s s 21k(1+1)z iy
m= Rm(m) R(1+1)1

The recurrence relation Eq. 2.27 can be put in the

form
N

R, _ Ry |

s N N 21k(/+1)z iy
7—}(l+1) Rm(l+1) 7—ElJrl)l

N N 2’k(/+1)z iy
1- Rm(l+1) R(l+1)l

(2.28)
where! =0,..., (n—1) and Rﬂ" - R';t.
R =—-R: TY =1+R
Y /" and 7 are the Fresnel’s
reflection and transmission coefficients, respectively.
H; kiz —H; k Jz
TE
R‘j _ Mkt uk, (2.29)
& .k. -& .k.
RM &k, +
i &ik e (2.30)

Relatlon Eq. 2.28 can be put in the other form
given by
s s 2ikiyy: B
Rl(l+1) +Rm(l+1) e

s s 2ik 141z By
R, _ 1+ R iRy e

(2.31)

where! =0,..., (n—1) and R, R,;t
So, to get R we start with R, _R, and

proceed upward using either of the recurrence relations
Eq.2.28 or Eq. 2.31

(ii) For z<Z'

= e
Using Fig. 2.5, than GOO(V’V )the following
expression

G (7,7") _
ZZ o iy 1
__5(,,_,,' ik (ry-ry) _1
2 ka
{ (&, )e torGo-3i) o RTE Bk Vi kg, Jeor o)

J( koz)V( ey, Je G 4 R Yo~ kYo }

(2.32)

where

h(k,.)=h(-k,,) (2.33)
= o !
2-3-3The Dyadic Green's Function G, (r.r")
If the source and observation points are located in
the lower half-space of the stratified medium,

o !
G, (r.,r") can be obtained as a superposition of the
unbounded dyadic Green's function plus the
contribution of the reflected waves from the layered
medium. Using the local coordinates shown in Fig.
2.6, the result will be

(i) Forz>Z':
G, (7, F") Z

5(r—r)+ L[] ak et L

ke (233
0, e, e
Rk i e
Pk, ok, Je™ = 4
RI Bk Jile, e

(2.34a)
RS
where ™V ( S =TE and TM ) is the generalized
reflection coefficient at the upper boundary of layer

(r).
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Figure 2.5, Source and Observation points in the upper
half-space (z <Z ' )

)

()

|

]

) =z <=

Figure 2.6, Source and Observation points in the lower
half-space

(ii) For z<Z'

G, (77"

2o i * g k) 1
e el Lk k.

b ik e R il
ok Sk Je o Rl Je e ]

(2.34b)

2-3-4 The Generalized Reflection Coefficient RU’

The generalized reflection coefficient = ! at the

upper boundary of layer (l ), can be obtained in a
similar way to R, . With the aid of Fig. 2.7, the

N
recurrence relation for ~ Y/ can be obtained in a

similar way as

170

K s
R, _ Ry,
s s s 2ikr-1)z hei-1y
TI(H) Ru(l—l) T(H)l e
s s 2ik(y_1yz hoyy
1- Ru(l—l) R(l—l)l e
(2.35)

where ! = 23,.., L and RG — Ry .
Relation Eq. 2.35 can be put in the other form

s s 2ikr-1)z hii-1y
Rl(l—l) + Ru(l—l) e
S s s 2ik_1yz by
R, _ 1+ Ru(H) Rl(l—l) e
(2.36)
N s Rx
So, to get ~ Y starting with ~ Yl = ""10 and

proceed downward using either of the recurrence
relations

Eq. 2.35 or Eq. 2.36.

NE—
TN

Figure 2.7, Determination of R,

@-n

= o !
2-3-5The Dyadic Green's Function Gy (7,77
When the source and observation points are in an
arbitrary layer (l ),l =0 o t, the waves reaching the
observation point from the source are those shown in
Figure 2.8 plus those due to multiple reflections. If the

local coordinates are at the upper boundary of layer ( [
), the dyadic Green's function takes the form.

(i) Forz>Z '
Using Fig. 2.8a, can be written as the following
expression

5[/ (}75}7,):

2z ; o — =
S =T L dk o™ ) 1
k; =) 87’ ““” o k

Iz
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TE };(kh )};(klz )eik’z(zlfz}) +
RS? };(_ k[z )};(klz )eiiklz(zﬁz})
+ R };(klz )};(_ k, )e2ik,zh, ki Groz)

+
R R b i o e

+TM terms
which can be written in the more compact form :

6[/ (73}7,):

i

8722 ”Zdl;v ok (i) k_llz
U il e+ R A ke

il e + RIS (-, )"
w7 (ol Jet + R 9=k, Je

[, Je " + R €™ o=k, )7 ]}

2Z e,
—k—lz5(r—r)+

(2.37)
where
TE 1
r o= 5 (2.38a)
- Rl
1
™ ™ ™ 2iklzhl
S I-R R e (2.38b)
P TE T
I and "/ account, respectively, for the

multiple reflections of the TE and TM waves inside
layer ( [ ).

(i) For z<Z' :
Using Figure 2.8b, can be written as the following

= P
expression for G// (” N ):

6[/ (Faf,):

zz 0 — =
— = S5G -+ l dk ik 1
k/z (r g ) 872'2 J.J.w o€ klz

{FITE [fl(— klz )efik,zz, + R:f ezm,zh, };(klz )eik,zz, ]
[}’l\(_ klz )eik/zz; + RS? }’l\(klz )eiiklzz} ]

+r]TM [‘;(_ k, )e—ik,zz, " Rnlu o 2kich ‘;( k, )eik,zz, J
74 (@) 74

[Pk )™ + RT3k, Je ]}
(2.39)

(a) z> '

Figure 2.8, Source and Observation points in a general
layer (1) (%774

&)z <z

Choosing the local coordinates of layer (l ) as

shown in Figure 2.9, than the following expression for
(7 7!

the dyadic Green’s function Gy (7,77) :

(i) For>Z'
Using Figure 2.9a, than

6[/ (Faf,):

22 r 00— -
— = 5(r -+ l dk i) 1
kq =) 87’ J‘J“” ¢ k..

{rlTE ;l\(klz )eik,zz, +RS][~ZeZik,Zh, ;l(— klz )efik,zz,]

i, ) B2 e
+r]TM l‘;( k, )eik,zz, " Riyezik,zh,‘;(_ k, )e—ik,zz, J

i Je " R §( k)6 ]
(2.40)

(@) z> =*

@

@) = ==
Figure 2.9, Source and Observation points in a general
layer (1 (% ==+
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(ii) For z<Z " :
Using Figure 2.9a, than

6[/(’75’7,) =
22 o ik (7 -7) 1
—k—;a(r— )+_” dk_e' L

k.
{rlTE [fl(_ klz)e iky,z, +RTE k )ezk,zz,]
rekk%m+&;wmm@k%ﬂ
[ 1k,zz, +RTM ‘;(klz )eik,zz,J

[( k, )ezk,zz, + RTM 2ik, by (klz)efik,zz,']}

(2.41)

2.4 Source and Observation Points in Different
Layers

= P

2-4-1The Dyadic Green's Function Oin (757"
The geometry of the problem is shown in Figure
2.10, where the sources are in layer (/) and the

observation point is in the layer ( [ ) below layer

().

In this case choosing the local coordinates of
both layers to be at the boundaries most near to each
other.

With all multiple reflections, assuming that the
waves transmitted from the source in the layer (/7 )

propagate downwards and enter layer (l ) with a

xS
transmission coefficient Al ( S = TE or TM )
which shall call downward transmission coefficient.
Thus,

lk (r=1) 1
k,.

G (7T 8;1-
{ e |_h —k )efik,zz, +R:}[;"e2ik,zh, il(k,z )eik,zz,J

Nl,m

ik, ) |

[‘;(_ kmz) k.2 +RS],Z 2k, h,, ‘;(kmz )e—ikm:z,’n:l}

™ ik, z; ™ _2ik.h
+r, Xﬁlm[( k )e +lee

m

(2.42)
2-4-2 The Downward Transmission Coefficient
X(il ,m
S
Nl,m

The downward transmission coefficient
from layer (7 ) to layer (l ) is obtained by writing

G

(-Dm

and applying the boundary condition at

z,=0

Thus,

(m)

2

Figure 2.10, Source and Observation points in two

different layers(z<Z') (Zl =ztdz, =24d, )
o J‘J‘dkelk(rr) 1
Gy (PP _ 872 k,.
{ w X };(_ k(l—l)z)e_ik(H”Z(H)
Rffl Hé e amnatasn };(k(l_l)z)eik<11)zz<11)]
i ;;(_ I
|+ R e 2ik . by ;;(kmz )e—z‘kmz;l
D G S ST
R% Heé 21k(1_1)2h(1_1) ﬁ(k(lfnz)eiku_mh”_l) ]

[ &, e + R 2t (kY [H(2.43)

z, = O Z =
At the boundary ~/ > “U-D h(lfl) ’
having
tG, =2xT

(=Dm (2.44)
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So, equality of the TE part gives

TE TE _2ik;.h,
Xﬁl,m[l + Rr\l e ] —
TE ikc1-1y:h-n TE ik h-ny
Xm(H),m [e + Rm(H)e (2.45)
which gives
TE
Xﬁl,m =
. 1+R%,)
TE ikeioy2 Py ( N(/-1)
Xﬂ(lfl)’m e Tt Rgeﬁkhh/ (2.46a)

where ! = m+p m+3 .

For [ =m +1, it can be easily shown that

TE
(1+RZ) (2.46b)
XE 14 RTE 2ot |2
A(m+1),m _ + m(mﬂ)e
™
Similarly, for = "™
k _
XL (1= R )
! =
MXTM ik 1oy 2hm) (1 RTM ) 247
k Au-nm € e (2.47)
(-1
which gives
™
Xﬁl,nz _
™
ﬁ@ ™ JRCTRI TR w
ky kg A-1m (I_Rmnlwezik,:h,)
(2.48a)
where ! =m 2, m+3, 1
For [ =m +1, we have
™
Xr\(erl),m _
™
k("Hl) kmz (1 - Rﬁm )
ik 1) P
k(m+l)z km (] - RrTw/(V{nﬂ)el (m+1)M¢ 1))
(2.48b)
N
So, the transmission coefficient nlm g

calculated recursively starting from the source layer
with
xS

omm =1 and proceeding downwards.

Vol e
It is clear that Gfm (}’, r ) can be obtained from
S

Eq.2.43 where! = m and R 0.

= P
Also, G (77 )can be obtained from Eq2.43
S

where” =0and = “9=0.
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XS
2-4-3The Upward Transmission Coefficient wim

R

Zm

Figure 2.11, Source and Observation points in two

. z,=z+d,,z, =z+d
different layers (z>Z ')~ [>%m (m=1)

The geometry of the problem is shown in Figure
2.11 where sources exist in a layer below that of the
observation point. In this case, the local coordinates
have been chosen at the boundaries most near to each
other. Assuming that waves transmitted from the
sources in layer (7 ) together with multiple reflections
propagate upward and enter layer ( ) ) with

s

transmission coefficient =~ “*" which will be called
upward transmission coefficient.

Using Figure 2.11 than

i P T keGer) 1
s Lk T
TE

ul,m I:]:l\(klz )el'k,zz, + RS}lEeziklzhl ]:l\(— klz )e—iklzz] ]
[k, e + RTE g2t (Yo

+
™ vTM |A ikyz, ™ 2ik,h, A(_ )e—ik,zz,]
rm Xul,m [v(klz)e +Rul e v klz
™ 2ik,h, 0 ik, 2},
Rﬁme V(— kmz)e ] }

i
, the

Q

mz

S

TE
rm

(2.49)
S

To find the recurrence relations for = /™

G(l+1)m

expression can be written for and apply the

boundary conditions at z,=0 . In this case, getting
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X TE

ul,m _

1+ R™

XTE eik(1+l):h(l+l) ( U(Hl))

I+1),m i
O(l+1) (1 n RUTf &> k,zh,)
(2.50a)
where ! =(m—=2),(m=3),..,0.
For [ = m~— 1,
1+R™
XTE TIS ;zzm)l):h(ml) (250b)
u(m-1),m _ (1 + Ru(m—l)e )
™
Similarly, for = <"
X —
™
xm ﬁk(’”)z gzt M
U(l+1),m klz k(1+1) (1 _Rjzlw eZik,zh,)
(2.51a)

where / =(m=2),(M=3),...,0. For [ =m-—
1, we have

™
ki k. (1 — Row )
an](‘{n—l),m _ k(mfl)z km (1 - Rjj(v;fl) eZik(,,,,”:h(,,,,” )
(2.51b)

It is clear that the dyadic Green's functions GO’",

0z and
.49.

Gy can be obtained as special cases of Eq.

[\

3. Conclusion

A solution of the canonical problem of the
electromagnetic radiation by current point in the
presence of horizontally stratified anisotropic medium
has been constructed.

This solution is developed in terms of the well
known vertical (or z-propagation) plane wave spectrum
integral representation for the EM fields. The fields can
be expressed in a compact form in terms of the dyadic
Green's function for this problem

4. Discussions

A unified general approach to the problem of
radiation of arbitrary sources in a stratified medium is
presented. The model of the medium is considered to
consists of N horizontally stratified layers and an upper
half-space. First, all layers are assumed to be isotropic,
then the more general case of a uniaxial medium is
considered where all layers posses both tensor
permittivities and tensor permeabilities which in
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general can be complex. All axes of anisotropy are
considered perpendicular to the boundaries separating
the different layers.

Starting by defining two types of dyadic Green's
functions which are dual to each other, namely an

electric type dyadic Green's function G and a

magnetic type dyadic Green's function r (Stratton,
1941). These Green's functions are resolved into their
TE and TM parts. The resulting integrals are expressed
in cartesian coordinates in terms of Weyl-type integral.
A simple procedure to obtain the fields in any arbitrary
layer is described. Tractable forms are shown to be
easily deduced from the physical picture of the waves
radiated from the primary sources and the multiple
reflections from the stratified medium. The dyadic
Green's function in the field region is properly
represented by extracting the delta function singularity.
Recursion relations for appropriately defined reflection
and transmission coefficients are presented.
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