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Introduction

In the communication systems using electromagnetic waves,
such as mobile communications, satellite communications using
microwaves and millimeter waves, and home electronic radio
communication, evaluation of enviromental effects and condition
in the communication systems is indispensable to construct the
optimum systems with high feasibilities and reliabilities.!
Particularly, scattering and radiation of electromagnetic waves
by automobile bodys with windows made of glasses and the build-
ings on the street, and electric current induction in and on
the automobile bodys are important phenomena for the antenna
design of receiver and transmitter and electromagnetic compati-
bility consideration in the mobile communication.

The authors have analyzed the ghost characteristics of
television broadcasting waves by power towers by using microwave
simulation in the laboratory.® This microwave simulation methods
are also applied to evaluate the scattering characteristics by
automobiles,"”

In this paper, based on these microwave simulation results,
electromagnetic scattering and excitation in automobile bodys
with glass windows, and radiation through the glass windows are
exactly analyzed for the system design of the communication
systems. By using the Green's dyadic, the electromagnetic fields
are expressed in the form of vector integral equations for
interior and exterior regions of automobies. It is found that,
under the suitable conditions, the field in the automobile are
intensified by the quasi-resonance effects. These quasi-
resonance phenomena are shown by perturbed eigen vector mode
functions and coincide with the microwave simulation results.

Electromagnetic fields outside of automobile

By using the magnetic Green's dyadic T satisfying the
impedance condition on the earch surface S, the electromagnetic
field in the exterior region of the automo®ile can by expressed
as

Hiot1™ Binet, I . J{r*(-jwe*)nxE-(VxT) -nxH}as (1)
8,154 5g
:giiszOtal’ ineident and scattered fields ﬁtotl’ Hscatt, Hscatt
VxVH - kgﬁ =0 (2)
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9 xV x C(e,rt) - kéT(r,r')

= -I[8(er,r') (3)

and the boundary condition on
y=o 1is
nx(vxr) = jwensf

n_is impedance function of the
earth surface

n =F*’ E*: e'jg
€ (4)
ng= (149 /%5

In the eq.(1), S_ and S, are the
window surface and meta? surface
the tangential component of the

magnetic field satisfys.

(b) X Z

n xH = ~(E-(E+n)n) (5)
n Fig.1 Scattering and radiation
by automobiles

Electromagnetic fields in the automobile

The field in the automobile can be analyzed by the perturbed
eigen modes for cavity with window. In order to show the window
ef{ect,.solenoid and irrotational functions of TE and TM types

Hv ’ le are used to derive the eigen modes.

v-mv(i)=o 1=1(for TE), 2(for TM) chv(i)= 0 (6)
where . R
n-H (1) =0 n X Ev(l) =0
v (7)
n X Gv(l) =0 n-Gv(l) =0

vav°Hv,dv = § fG » C ,dv = &

vu' v v vu'! (8)

The electromagnetic field in the automobile can be expressed as

E =g {Sn-[(v x H) x €_]ds (9)
a'"b .
using the Green's dyadic with eigen values kv(l),
(l)( (1) n
c)d, (") ¢, (c)C (')
r (II':T') = + Z.\)_zv_ (10)
c (1) ké vyi k,

satisfying the boundary condition on the metal surface

n x (v x Tc) =0 (11)
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The continuity condition of the tangential components of
electromagnetic fields on the windows of S_ leads to the follow-
ing equations, if we use the expansion of

- ( i)
H = Ta, Dy (3 () (12)

on the window surface Sa’

a, a4 (14 (j

: wen 5 ju () )2qs
V,1 Vv v

1

i)*
k) ke Sa

. (1) 2 =
+JwenSfSLﬁv |24s) = 0 (13)
we have used that the field equations for each eigen modes
satisfy
n x (Vv x H)

we

jmensﬁ
jwenH (14)

on the metal and window surfaces. From the eq.(14), eigenvalues
of quasi-resonances are
[

(1) _ (1) 1 (1) (1) 2
ok\) 1) = k\) 1 {1-—2;(—(—5-—)-((»81'] +?}l:—(-i—y)fsalﬁvl | ds}

+j {(EEDT—T [—

ne

n x (Vv x H)

oy, 1wt I2dS+——(—)-ISbI'H Hi2as) (15)

Consequently, modified Green's mode number
dyadic can be expressed by using Ww)=(v. v V)
perturbed eigen modes and eigen V% Ty 27(107)
velues. (1), = (1) (1) (116)
H, " (o)H, " (') ofy o (115)
ofc® 'i?u K (LR _ 2 el L (106)
(o] (16) (GHZ) ”z ”:”

In eq.(15) the first term shows G .
the deviation of resonance fre- /.* ... —— experiment
quency, the second term shows & L ,37 ---- theory
radij atlon loss and ohmic loss. Ry lx=100(mm)
ok is complex eigenvalue. . 1 =80
Flg 2 and 3 shows resonance G y
spectrums for body ? §es and .o 1z=280
windows, 1. and Sj normsal to k2
the i directions. Increases of
eigenvalues are due to capaci- . : L
tive reactance characteristics 1.0 1.2 1.4
of windows. These examples are 1 /l;
evaluated for rectanglar bodys X
as shown in Figures., Fig.2 Dispersion curves of

resonant modes and
perturbed eigen values.
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Scattering and radiation in the
automobile

Using eq.(1) and (16), the (1) (107)
continuity condition to find the 0 v (116)
field on the window that leads S
the scattering and radiation z1
field b d
ields can be expressed as ; (10,10 )mm
noxHo=nxBine [198), (115) (205)] (214)
* 4 T
S Sbf{nxr( jwe*)nxE (a)
-nx(vxl)* (nxH)ds S21
g dwenD o (1) s (70,20 )mm
vyl k i _kz (l)
o v (106)
—innxﬁil)l—yfme 6t (115) (§127)
’ (211)
(17)
if the ansion H=;2 a (1)H (1),
E=;Zyby ? f ? is subs¥ituted
into eq. (17 d? rminant
equation for a¥ i) is obtained. 2(70 20 )mm
The s tered field is obtained
by a ?a} =S 60 20)(mm)
Conclusion
Scattering and radiation
effects in automobiles with
windows that are important
factors of the optimum design in (GHz)

mobile communication systems are
analyzed by exact analysis for
vector boundary wvalue problems.
The resonance effects that
give useful antenna system
designs in the automobiles are
found. System problems for
space diversity using these
effect will be also discussed.
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