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Interaction of Electromagnetic Waves with a Moving Slab:
Fundamental Dyadic Method

Atieh Kashaninejad-Rad, Ali Abdolali*, and Mohammad M. Salary

Abstract—This paper concerns with the interaction of electromagnetic waves with a moving slab.
Consider a homogeneous isotropic slab moving uniformly in an arbitrary direction surrounded by an
isotropic medium (free space). In this paper a new simple and systematic method is proposed for
analyzing reflection and transmission of obliquely incident electromagnetic waves by a moving slab
based on the concept of propagators. In the previous works complex relations were arrived but using
this novel method those complexities will not appear thus the method may be extended to more complex
structures. In this method, first, electric and magnetic fields are decomposed into their tangential
and normal components then each constitutive dyadic is decomposed into a two-dimensional dyadic
in transverse plane and two two-dimensional vectors in this plane. Substituting these dyadics into
Maxwell’s equations gives a first order differential equation which contains fundamental dyadic of the
medium. From the solution of this equation, fields inside the slab may be expressed in terms of fields at
the front surface of the slab and the propagator matrix which is an exponential function of fundamental
dyadic. Using this method the up-going and down-going tangential electromagnetic fields may be
obtained at the same time. As a limiting case a slab with vanishing velocity is discussed using this
method, and reflection and transmission coefficients of this slab are derived, which ends in Fresnel’s
equations. At last, several typical examples are provided to exemplify the applicability of the proposed
method. Moreover, the results are compared with the method of Lorentz transformation. A good
agreement is observed between the results which verifies the validity of the proposed method.

1. INTRODUCTION

The problem of interaction of electromagnetic waves with moving media has long been a subject of
interest due to its wide application in various areas such as optics, radio sciences, and astrophysics
and numerous investigations have been carried out in this area [1-20]. Two methods are mainly used
to analyze scattering from such structure: Lorentz transformation [2] and transformed constitutive
relations [1]. Using these methods, we will arrive at complicated relations. In a moving slab it is not
possible to decompose the fields inside the slab into TE and TM polarizations. Moreover electric and
magnetic fields are coupled in the constitutive relations and thus dealing with such problem is difficult
using the common approaches. In this contribution we propose a new method based on the concept of
propagators, which is simple and more systematic. Moreover the application scope of the method may
be expanded to include more complex structures.

In [21,22] the concept of propagators is introduced to obtain the fields inside a stationary
bianisotropic stratified medium excited by an arbitrary electromagnetic wave incidence. In [21] an
exact solution is given for the fields at the front surface of the structure and then an exponential
function propagates the field in the correct way from front surface to other positions. In [22] it is shown
that all the wave propagation properties of a bianisotropic slab may be expressed by a propagator which
is a function of thickness and electromagnetic parameters of slab. The propagator maps the tangential
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electric and magnetic fields at one position to the other positions so it is enough to obtain the fields at
the front surface of the structure.

In this paper, we use the same approach to analyze scattering of electromagnetic waves by a
homogeneous isotropic slab moving uniformly in an arbitrary direction surrounded by an isotropic
medium (free space). It is noteworthy that constitutive relations pertaining to an isotropic slab
transform into constitutive relations of a bi-isotropic slab if the slab is moving with a constant velocity,
so using the concept of propagators will ease the solution. At last, several examples are provided to
show the applicability of the proposed method. Moreover, the results are compared with method of
Lorentz transformation. A good agreement is observed between the results, which verifies the validity
of the proposed method.

2. THEORY

2.1. Dispersion Relation

The geometry of the problem is shown in Fig. 1. Consider a homogeneous isotropic slab moving
uniformly in an arbitrary direction surround by free space. A uniform plane electromagnetic wave is
incident at an angle 6; from free space on the front surface of the slab.

By matching the phases of incident, reflected, and transmitted waves at the boundaries between
the two media, noting that the boundaries are at z = v,t and z = v,t — d when t > 0, one can obtain
the equalities for the wave vectors k and the frequencies w of incident (i), reflected (7), and transmitted
(t) waves and the waves inside the slab (a, b):

K (@ 4 vgt) + kY (y + vyt) + k7 (vt) — wit = kX (z + vgt) + kY (y + vyt) + k2 (vst) — wpt
= kap(® 4 vgt) + k‘g,b(y +oyt) + kg (V1) — wapt

= ki (4 vgt) + K (y + vyt) + K (v:t) — wyt (1)
As Equation (1) holds for all z, y, and ¢, it yields:
ki = kap = ki = ki (2)
B = KL =K = R 3)
kiv, —wp = kiv, —wg = kjv, —wp = kfv, —w = kjv, — w; (4)
As it is shown in Fig. 1, the plane of incidence is 2z and so k7 = kgsin(6;), kY = 0 and k7 = —ko cos(6;),

in which kg = “C”—; and ¢o = 1/,/Zofto- According to dispersion relation for the reflected wave k2 = w2equqg

X

£= £ &,

§= & . &, £,= &g . &,
= g iy

M= Ho -Hyy = Ho -y

= JE. .1t - £ m= &, H,
M= \E by Ny= V&, My, 1= Vol

lv=(v,.v, .v;)

Figure 1. Structure of the problem.
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and (4), we have:
K = o (28 +coxt) + Aes(0) /(1 = 3 ©)
wr = wi (1+26; cos(6:) +52) / (1 - 52) ©)
In which g = %

Constitutive relations of a moving isotropic medium is similar to that of a stationary bianisotropic
medium. According to [2] these relations may be expressed as below:

=cA-E+QxH (7
B=uAd-H-QxE (8)
in which:
= 1-6% [z n?2—1--
A= I-
o [T 1] )
= n?—1 5
Q= 1
1 —n232 ¢ (10)
In the above relations n = /g, is relative index of refraction of the stationary slab. Due to
simplification we can write:
Ox = Q. (11)
_ n?—1 ) 1 0 —v, wy
Q=——=]51| v 0 —v, 12
<1—n2,32 C% vy U 0 ( )

Using (7), (8), (12), the dispersion relation of a moving medium may be obtained, as follows:

(1-n2?) (o0 ) 422805 (2 =) (R0 )+ (1- ) (o x )2< > (B -n?) =0 (13)

In which N = #/v is the unit vector along the velocity vector. Using (4) and (13), we have:

ki = ko(B:(1+ B cos(6;)) — q) /(1 — 52) (14)
ki = ko (B:(1+ B cos(6:) +q) / (1 = B2) (15)
wa = wi (14 B cos(0)) — Bq) / (1 - 52) (16)
wy = w; (1+ B, cos(6;) + B.q) / (1 — 52) (17)
in which:

g = (1-8%) (P2(n = 1)(1 = Besin(6;) + Bz cos(6;))® — sin®(6;)) + (1+ B cos (6:)2) /> (18)
1=1/0-5)" (19)

According to the dispersion relation for the transmitted wave k7 = w?egpuo and (4) we have:
ki = —kocos(6;) (20)
Wy = wi (21)

2.2. Extension of the Fundamental Dyadic Method for a Moving Slab

For the purpose of obtaining the fundamental equation, the fundamental dyadic (M) and the wave
propagator for a moving slab, we will use Maxwell equations and the constitutive relations in moving
media.

For a general bianisotropic medium, the constitutive parameters are given by:

B = oo (8 + i) 2
B = - (GE+ i) (23)
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o 1 w = = = = .=
0 = —, CO = N ko = —, = _ ,‘{/7 = —|— K 24
=15 = o S EXTIR G=XA (24)

By comparing above relations with (7)—(10) for a moving slab it can be deduced:

g = & A (25)
Q

‘- (26)

Cr = _\{m (27)

/jr = MTA_ (28)

Assuming time dependence convention as e/“!, Maxwell equations inside the moving slab can be written
as:

—

T ) o T
Ey = Egge Jkex—jkyy—jkiz eJwat — Ege Jkex—jkyy | e J(k5v,—wa)t

(29)
z = v,t ~
= 0Bs
Ey = ——— 30
V x E3 N (30)
1172 _ ﬁme—jkxw—jkyy—jk;z . engt _ F[‘O2e—jk¢x—jkyy . e—j(kgvz—wg)t (31)
—JjkyE3 — TZQ = j(k3v: — w2) B3 (32)
dE%
ke B + — % = j(kiv. —wn)BS (33)
—jke B3 + jhyE5 = j(kjv: — w2)B3 (34)
- 9D,
V x Hy = — 35
X 112 ot (35)
. z dHy <11.2 T
—JjkyH; — TZQ = —j(k3v: —w2) D3 (36)
dHY
jhaH5 + 2 = (k. — w2) DY (37
—jko Hy + jkyH; = —j(k3v: — w2) D3 (38)
Then the fundamental equation for one-dimensional propagation becomes:
. ky 07 -By
d Ey(2) Nky O E.(z) . B
a zy \ - _ . z — j(kdv, — z 39
dz [UOJ' ny(z) J 0 _ky nOHZ(Z) J( 2% LUQ) no Dz ( )
0 kg | no Dy
Two dimensional rotation dyadic is defined as:
0 —1
J = 1 O] (40)
- ko —k
s o] [38] "
= —B
J By = Bxy] (42)

It should be noted that k3 is identical to k7 and is the propagation constant of up-going wave in the
slab. Thus by substituting k5v, — we = k7v, — w; according to Equation (4), we can write:

- km 0 —C()By
AT By J_ ke O [ B2 ] (ete _w) | B
dz [noJ - Hy (Z) 0 7]{1/ UOHZ(Z) ! Co co noco Dy
Ul y
0 ka nOCODy
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. ];t 0 EZ(Z) :| cr12 |:COJ : ém :|
- _ - — i(k?B, — k Y 43
J |:0 J - kt:| |:770Hz(z) ]( 1/6 O) Uocony ( )

D.(z) 0 K Ey(2)
k,; . — k, ConoL/z :| - _ |: N t:| |: zy \ 44
(kB = ko) [ coB:(z) J -k 0] [nod - Hyy(z) (44)
It is appropriate to decompose each constitutive dyadic as:
s an; ?cy :‘;:a:z] B |:€J_J_ €J_:| (45)
T |Cvr Cwy Cyr| T o o
Ezx Ezy Ezz

The dyadic €; ;| is a two-dimensional dyadic in the x-y plane, and the vectors €., and €, are two
two-dimensional vectors in this plane. ¢,, is a scalar.

[COJ'Ewy_ _ [J'CJ_J_ —J piy- J] [ Ezyjz) }_F[J'CL J-m} [ E.(z) } (46)
010Dy | €11 —&11 noJ - Hyy(2) €l &L noH.(z)
|:5zz fzz:| . |: Ez(z) ] _ |:CO770DZ(Z):| + |:_€z & J:| . |: E_:a:y_gz) :| (47)
sz Hzz nOHz(Z)_ COBZ(Z) _CZ Mz - J 770J . ny(z)
d [ Eyk 1_ 0 JC1 —Jpay - Jl Eyy(2)
= [noJ-%zy@)_ =it k) T E T LOJ%M
E
T m‘f‘JCL J~,U,L |:E'Z(z):|
J(ki B2 — ko) - kfgf—tko e noH () (48)
e &l [ O] B | [ Bl | (49)
Coz Moz noH(z) 7kf_ﬂiftk0 - - J no - HIy(Z)
d En(z) 1_ . 2n J-C1 —Jprg-J
(&[noj.%my(z)]_ J(k; B ko){[ €11 £, - ]
I kfiﬁlzt_ko +J-CL Jpy ' |:gzz gzz} -1
g1 kfgzk—tko +§J_ sz Hzz
—k ,
e R T8I | [ Ep(2) }
kf_ﬁii% + (s ws - J ] } o + Hay(2) (50)
A Ew) |_ .0za oo | En(2)
dz [UOJ-%xy(Z)] B J(kl - kO)M [UOJ'%xy(Z)] (51
Eyy(z _ 5 Epy(z = vt
|:770J%a:y(z) =r |:770J %:vy z = 'Uzt):| (52)
P —exp (—j(ki 8. — ko)2M ) (53)

In Equations (51)-(53), the fundamental equation, the fundamental dyadic, M, and the wave

propagator, P, are obtained.

2.3. Obtaining the EM Waves on the Front Surface of the Moving Slab (z = v,t)

—

To obtain Ezy—gz = v:t) ] (fields on the front surface of the moving slab) we employ boundary
noJ - Hyy(z = v,t)

conditions of a moving slab. The boundaries are at z = v,t and z = v,t —d when ¢t > 0 (Fig. 1). A
uniform plane electromagnetic wave is incident at an angle 6; from free space on the front surface of the
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slab. The plane of incidence is zz. By splitting incident wave into two orthogonal polarizations TE,,
TM, we have:

B (7) = [=Enci+ By (R0 )| el = Be 2ol (549
— - 1 ~ - rinc = — - Linc =
" (7) = [~ BR G — BEE (B x )] e 08T = Hyeen k™7 (55)
B’inc _ Moﬁinc’ Einc _ SOE’inc (56)
k" . F = xsin; — zcosb; (57)
kel = kg (58)
ke x § = Zsin; + & cosb; (59)

From the boundary condition of tangential components and phase matching, it can be concluded that
ky = kosin6; and k, = 0. By taking the Fourier transform with respect to x, we have:

Fline (kx; Z) — Einc . edkocost; (5<k$ — ko sin 91) (60)
H—mc (k:m Z) — ﬁinc . ejko cos; ) (k:r — ko sin 92) (61)
The reflected wave may be expressed as:
B () =[-8 BT (K xg)] e T = By e (62
R 1 - ikTF 13 k"7
B (7) = | =B (i x ) = BIM) e 07 = Hy e F (63)
1o
B = pH", D =eoE" (64)
in which:
K7 = zkosin; + zk? (65)
- w
0 66
- (66)
R ko k:
E < i = 2 sinf; — & —= 67
Y wr/co ’ wy/co (67

Notice that the fields inside the moving isotropic slab may be obtained from (52).

The moving boundary conditions require the continuity of 2 x Ejotal — (2 6)§t0tal and 2 X Hyppar +
(% - ﬁ)ﬁtoml at the both boundaries. Total fields in region 1 are obtained as the sum of incident and
reflected waves as Etoml — E'+ E" and ﬁtoml = H' +H". By applying cross product, we have:

N>
N>
<y

— (
+ (

= (—Ey —v.B;)%
= (—Hy+v.Dy)%

) (Ey — 0.By)j — v.B.2 (68)
(H, +v.D,)jj + v.D.2 (69)

)
- . : . —Ey —v.B,)%
Boundary conditions for tangential components require the continuity of (Ey — v.B,)7 and
T 2Dy

+
+

Tty
o

X
X

Q>
N>
<y

(—Hy +v;Dy)&
(Hy + Usz)Q
the fields in the fundamental equation, the fundamental dyadic and the wave propagator it is appropriate

Ewy_('z) } Thus we express the first boundary condition in
770J : sz(z>

on both boundaries. On the other hand, according to the form of decomposition of

to arrange the fields in the form of [

(B — Usz)@
—1x (—Ey —v,B,

770(_[_[3; + UzDz)i‘

the form of [ )4 and the second one in the form of [ mo(Hy +0.Dy)i } . Then the



Progress In Electromagnetics Research B, Vol. 60, 2014 7

moving boundary conditions at z = v,t may be expressed as:

(Ex — Usz) @ (Ey — UZBy) (2)
—1x(-Ey —v,By) —1x(-Ey —v,By)

= 70
no(—Hy + v.Dy,) no(—Hy + v,Dy,) (70)
no(He +v:Dy) 1., mo(Hy +v:Dy) 1.,
By substituting relations (54)-(67), the left-hand side of (70) can be written as follows:
- (B, —uv.B,) W
—1x (—=Ey —v,By)
770<_Hy + UzDz)
770(Hac + UZD ) Z2=v,t
[ (cosﬁ Elﬂjy + UZMOEEL]CM) gikovzt-cosOi | ( = /COE,,TM + UZMOETM) e Jv=tks
B ( Ezzf _ Uzgo cos 0; EZZ;E) ejk‘()’l)zt cos 0; + ( ETE + Uz o wk’/fco E,,,TE> e —juzt-kZ
(ng + v,MEq cos b; EZZ;JCVI) elkovst-cosfi | (ET Uz770€0w /CO E,,TM) e Jvtky
_< — cos GZ-EmC - vzngggEZ£f> efkovat-costi | <wr/Tco ETTE — UZ770€0ETTE) e*jvzt'ki_
[ 0 (cos 0; + Uz%> eJkovzt-cosb;
— (—1 — v, cos §; ) eikovst-cosb; 0 ) [E,Z;f]
o ) EIM
0 ' (1 + NoV-EQ COS (91) e]kovztcos 0; nc
(— cos 0; — nyv,eg) el Fovat-cos s 0
k?i —just.kZ
Jlersdienes DT
0 (1 — NoV2E0 wf}"@) e JvztkE ETTM
i _(wf/io — ?70’UZ€0> e—Jvzt-k} 0 ]
o) [t [w] [
= + o s (71)
[U Egne| (W] BT
And for the right-hand side of (70) we have:
(B, —v.B,) 1@ E, —coB, B )
—1x (=Ey —v,By) _| Ey n Yz | coBy | _ Exy_gz) n vz |cod - ?w
770(_Hy + Usz) —"70Hy Co cono Dz o - H$y( ) Co UOCODmy
UO(HZ‘ + Usz) 2=v,t noHy COUODy
-1
_ I:4—|-% JCr —J-pri-J + J-CL J-py €22 §zz
o €11 €11 -J €L €1 Coz Moz
e ’ffﬁ:kiko T [ Exy( ) }
k:z_ﬁi Ry —Cz M- J Mo/ - Hﬂcy( z) ot
_A,. [ oy (2) } (72)
nOJ y( ) z=vzt

o] = ([3) ]+ 4] ) ™

z=vyt
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Now is the time to apply boundary conditions at z = v,t — d:

(Er — v-By) ® (Ey — v:By) ®
—1x (—Ey —v.By) _|—-1x (—Ey — UZB;E)
Wo(~Hy - v.Dy) = | no(-H, b 0.Dy)
nO(H:v + 'Usz) 770(Hx + Usz)

(74)

z=v,t—d z=v,t—d
The left-hand side of (73) can be written as:
_ o 2) o = 2)
N N [
noJ - Hayy(2) 2=vyt—d o - Hay(z) I

e i (5 (5] ) ) o

And for the right-hand side of (74) we have:

_ po k¢ —j(vat—d)k?
(1) e ! RECRRE
0 (1 — NoVz€0 wtk/tm) eI (vzt=d)ki By N By
i _(wf/tzco - "70%80) eI (vt—d)kf 0 | ]
By combination of (75) and (76), we have:
5 =1\ [V] [E] [L] [EM® s = ETE
(5 (D 5] -0 2 2] o
= = = v V!
= = — /
(—Ag-P(z = vt — d) Agl) : [g] = [g,] (79)
ETE
/ T™ / TE
V/ L . ET — Q/ . Einc (80)
w N EtTE U Eg;]c\/l

In (80) ETE, ETM ETE EIM are unknowns of the problem from which we can obtain reflection and
transmission coeflicients. For this purpose, we have:

Bl & [P (5] - [2) [E 2
= , . .- = .
2 L B R v e P v
| =5+
Er=|bu| =S| g (82)
Lz B
-ETE:| |:ETE-
Br=| by =2 | i (83)
_EtTM Ez%;JCM_

B |E7| B \/(E’Q‘E)QWL(E%Q-{-(ETZV \/((wf/?q))z—i_( kg Sinei>2)-(ErTM)2+(E7TE)2

wr/co
R= inc| = (84)
B J(B )P + (BY ) (B, V(EDY 4 (B2E)?
_ B VEPEDE?VE B (55)

B L+ B+ (BL\(BIvy 4 (B1E)

mc
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Moreover, the fields inside the slab can be obtained from (52) and (73).

The above said was for a moving slab in the free space. For a moving slab in an arbitrary isotropic
homogeneous medium with parameters .1, 1, the following points should be considered:

1. In all the relations ¢;, k1 should be used instead of ¢y, ko. For example: = =, 0= I”jnizﬂlpg,
k¥ = ki sin(6;) and k7 = —kj cos(;). In which k; = ‘g—f and ¢; = 1/,/e1p1. Using dispersion relations
for the reflected and transmitted waves k2 = w2eq1u1 and k? = w?eipy and according to (4) we have:

kZ = k1(28, + cos(6;) + B2 cos(6:)) /(1 — 52) (86)
ki = —ky cos(6;) (87)

It is noteworthy that the relations in fundamental dyadic method turn into [ Exygz) } and

7)1J : Hmy(z)
l:ClJ . Bxy]

nlclﬁxy .
2. In relations (9)—(10) we have: n = /(er211r2)/(er1ptr1). In which g,9, p2 are electromagnetic

parameters of the slab in the stationary case.
3. Constitutive relations of a stationary bianisotropic slab in this medium are:

[j = &0ér1 < E =+ NoMr1 5 2 ﬁ) (88)
€rl Er1Mrl
. 1 = o Cr1 Uy —
B = <Crl<r2E + NoNr1 rl/Lr H> (89)
CoCr1 r1

/~Lr1 w
i V € vV 57"1 /~L7“1 ! C1 ( )

( &2 ﬁ) (91)
57"1777'1

And thus:

B = — <Cr1Cr2E +m— 7’1,“/7’ H> (92)
€1 Tr1
By comparing these relations with the relation of a moving slab (7)—(10), we have:
= Er2 3
.= —=A 93
= (93)
- Q 1
& = ’ (94)
VEOMO  /Erlfirl
- 9) 1
&= (95)
VEOHO  /Erifirl
i, = 124 (96)
Hr1

3. DISCUSSION

Here, in order to verify the validity of our method, the limiting case of a slab with vanishing velocity, is
considered and a comparison is made between the obtained expressions for reflection and transmission
coefficients with Fresnel’s equations [23].

In this case we have:

Vp = vy =0, =0 (97)
1-8% [ n?2—155

= o [T ] - (99)

;bl\
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~ n—lﬂ

Q= ——=—=0 99
1—n262% ¢ (99)
Thus, the constitutive relations of (7) and (8) reduce to:
D = ¢E (100)
B = puH (101)
According to (53) and (72), we have:
Ay = I, (102)
P = exp (jk‘oz]\?) (103)
M may be obtained as [22] in Section 7.1:
_ 0 —puly + ki
e 0
M <—5[2 - %J ckky - J 0 (104)
KRy
For this case, the eigenvalues are given by:
M= =\ =cep— Kk (105)
and P may be derived as [22] in Section 7.1:
P = exp(jikodM) = I cos(kod)\) + %Msin(kod)\) (106)
The propagator may be rewritten in the {¢|, é1 } system as:
- = (éHéH + éJ_éJ_) COS(kod)\) (6”6”* +é6 k2 ) Sln(kod)\)
P = exp (jk:odM> - (107)
—J (e”e”— +éée > ) sin(kod\) (eHeH +é,¢e1) cos(kod\)
where A2 = eopo — kZ/ k:g. Calculations show that principal of blocks of the scattering dyadic are:
2111 = éHéH (2 COS(kZQd)\) +7 <E2 Ci\)sei 4 &2 C/(\)Sai> Sln(kod)\))
+é 1€, (2 cos(kod\) + j <M2 c)<\>sei 4 M2 C)(\)S@i) Sin(kodk)) (108
2059 = éHéH (2 COS(]{Z()CD\) -7 <52 c?)s@i 4+ £2 C;\)Sei> sin(kod)\))
+eé e (2 COS(de)\) -7 <H2 C)c\)sei L C)(\)SGi) Sin(kod/\))
and
2T12 = j (é”é” ( €2 C050 + = C059 ) + éléL (uz C)(\DSOZ- — & C;\Jsgi)) Sln(kod)\) (109)
Ty = —Tho
Consequently, the reflection and transmission dyadics are:
{7‘ = ey +eLeiriy (110)
t= éHéHtH” +éjeéjt)
where
( . A cos@ .
, J ( €2 cosb; + = ) Sln(kod)\) , 1-—- exp(2jk0)\d)
= = 1 ;
I 2cos(/{:0d)\) -7 <£2 5T, 4 &2 c;s@i) Sin(kod)\) Il 1— r%HH exp(QJko)\d) (111)
. A cos 6; .
J <,u2 cosO; - A > Sln(kOd}\) 1- eXp(Qj]{fo/\d)
T = =Ti1l .
2cos(kodA) — j ( iy + H25% ) sin(kod) 177, | exp(2jkoAd)
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9 <1 - 7"%”“) exp(2jkoAd)
by = _ = 2 :
2 cos(kod\) — 7 (62 Ci‘)sei + £2 C/‘\’SH’) sin(kodX) L= exp(2jkoAd) (112)
. 2 (1 =73, ) exp(2ikord)
J_J_ pu— p— R
2 cos(kod\) — j (ug Ci\)sei 4 b2 C)c\)sé)i) sin(kod)\) 1—7r2, | exp(2jkoAd)
and
1 A __ gaco0sb;
2 \ eacosb; A A — €9 COS Hi
= =
i 1+% <6zcﬁs91- +82C§89i) A+ezcosty
(113)
1 [ p2cosb; A
5( A _yzcos0i> ILLQCOSQZ'—)\
™M1l = =
1+%(p,2c;\)39¢ +M2c)c\)s6i) pacost; + A

Equations (112) are recognized as Fresnel’s equations for reflection and transmission coefficients of a
static slab [23].

4. NUMERICAL RESULTS

In this section, we illustrate the analysis presented in the previous sections through some numerical
examples. The results of the presented method are compared by the method of Lorentz
transformation [2] for TE waves. A great agreement is observed between the results, which confirms
the validity of our method. For TM waves similar results are obtained.

The programming task can be easily done in a language that supports matrix manipulations, e.g.,
MATLAB.

4.1. Example 1

Consider a dielectric slab with electromagnetic parameters €,9 = 2, uro = 1 and a thickness of d = 10 cm
moving with constant velocity of 0.0100(%—1—5—!—]2:) in free space. A TE wave with w; = 100 MHz is incident
on the front surface of the slab with angle of #;. Fig. 2 presents the reflectance versus angle of incidence
obtained by Fundamental method and Lorentz transformation. As it can be seen great agreement is
observed between the results.

4.2. Example 2

Consider a slab with electromagnetic parameters &, = 2, ura = 3 and a thickness of d = 10cm
moving with constant velocity of ¢ (0.02% +0.03) + 0.01k) in free space illuminated by a TE wave with
w; = 100 MHz and the angle of 6;. Fig. 3 presents the reflectance versus angle of incidence obtained by
Fundamental method and Lorentz transformation. A great agreement is observed between the results.

4.3. Example 3

Consider a slab with electromagnetic parameters e,0 = 2, pro = 3 and a thickness of d = 10cm
moving with constant velocity of ¢o(0.2i + 0.15 + 0.515) in a medium with electromagnetic parameters
gro = 3, o = b excited by a TE wave with w; = 100 MHz and the angle of ;. Fig. 4 presents the
reflectance versus angle of incidence obtained by Fundamental method and Lorentz transformation.
A great agreement is observed between the results which verifies that the method holds true for the
velocities near to the speed of light.



12

0.9

Fundamental Dyadic
Lorentz Transformation

O SO O o

IRI

0 10 20 30 40 50 70 80 90
theta;

Figure 2. Reflectance of a dielectric slab with
electromagnetic parameters e,9 = 2, o = 1
and a thickness of d = 10cm moving with

constant velocity of 0.01¢o(i + J + k) in free space
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Figure 3. Reflectance of a slab with electromag-
netic parameters €,2 = 2, 2 = 3 and a thickness
of d = 10cm moving with constant velocity of

¢0(0.02i +0.03 4 0.01k) in free space illuminated

by a TE wave with w; = 100 MHz versus the angle
of incidence.

illuminated by a TE wave with w; = 100 MHz
versus the angle of incidence.
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Figure 4. Reflectance of a slab with electromagnetic parameters €,9 = 2, ur2 = 3 and a thickness of

d = 10cm moving with constant velocity of 00(0.2% +0.17 + 0.5]2:) in a medium with electromagnetic
parameters .9 = 3, o = 5 excited by a TE wave with w; = 100 MHz versus the angle of incidence.

5. CONCLUSION

In this paper we have presented a new method for analyzing reflection and transmission of obliquely
incident electromagnetic waves by a moving slab based on the concept of propagators. The propagators
map the total field at any point inside the slab, to the fields on the left-hand side boundary of the slab.
This method is simple and systematic and easily gives the reflection and the transmission dyadics of the
slab. Moreover the method can be employed to analyze more complicated structures. By considering
the limiting case of a slab with vanishing velocity, we have arrived at well-known Fresnel’s equations for
reflection and transmission coeflicients. Furthermore, several numerical examples show the applicability
of the analysis and comparison of the results with the method of Lorentz transformation verifies the
validity of the method.
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