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ABSTRACT

In this study (E,. }7) fields have been calculated by applying the inversion
method on the ray paths in the quasi-optical scattering phenomena of infinite and
finite sourced electromagnetic waves from perfectly conducting curved surfaces.

OZET

Elektromagnetik Dalgalarin Diizgiin Egrisel Mitkemmel fletken
Yiizeylerden Optik Benzeri Sacilmasinda Enversiyon Yontemi

Bu galigmada, sonsuz ve sonlu kaynakli elektromagnetik dajgalann dilzgiin
egrisel mitkemmel iletken yilzeylerden optik benzeri sagdmasm.da (E, H) alanlanna
ait bilyikliikler, optik igin yollan iizerine enversiyon yontemi uygulanarak bulun-
Mmugstur,

INTRODUCTION

A quasi-optical scattering problem, by using of the inversion mctho.d can
be transformed in to a problem which can be easily solved or a know solution in
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illuminated region. After having solved the simple problem the solutions of the
original problem can be found by an inverse transformation.

On the other hand, a quasi-optical scattering problem, a geometrical in-
version and a physical inversion are applicable in order to find the field expres-
sions of reflected waves from a perfectly conducting scattering surfaces. This
method is applied for the first time in this study for quasi-optical scattering prob
lems and physical inversion is based upon the equiphase curves on specific plane
of equiphase surfaces. The physical inversion, in the quasi-optical solution is ba-
sed upon the property of the reflected waves from a perfectly conducting curved
surface. The curved surface does not change their direction and magnitude al-

though the coordinates of the coordinate of the source is transformed or chan-
ged. .

The coordinate transformation which is mentioned in this study is being
realized according to the integral transformation in the application of Poisson-
Summation formula for the exact solution. The physical inversion can be consi-
dered boundary conditions in the quasi-optical solution. Briefly, in the physical
inversion, it has been shown that linear and circular equiphase curves occur in
the direction of reflected wave. As a result of the field companent pertaining to
waves reflected from the perfectly conducting surface has been obtained.

1. TWO DIMENSIONAL GEOMETRIC INVERSION

In this study, two dimentional inversion is considered. On the other hand
this may also be called "Inversion on the plane”. For example, the two dimensio-
nal geometrical inversion is obtained by the making use of a circle at he (oxy)
plane of circular cylindirical coordinates system and at the plane @ = constant
is spherical coordinates system. As shown in Figure 1 a is defined as the distan-
ce between the points. A and 0 (the center of the circle) and then relationship
R? = ab holds, b is the distance between B and 0, then the points A and B are

the inverses of each other respect to the inversion center 0. The point 0 is called
a5 the radius R is defined as the inversion radius!,

b o

Figure: 1 - Invers points A and B Tespect to the inversion center 0
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The inversion of a circle with respect to an inner tangent circle:

The inversion of a circle with respect to an inner tangent circle is a circle
which is also tangent from inside,

In Figure 2 three circles with given geometry and inner tangent are consi-
dered. By the using the geometry in Figure 2.
2 1 1

= - 1.1

is obtained. Consequently, the inversion of the circle Ap with respect to the cir-
cle Dn with respect to the center O as R taken as the inversion radius is the cir-
cle Bx. Therefore, the inversion of a circle with respect to another circle tangeat
from inside is a circle which is tangent at the tangent point.

34

I

\

' ~. — e
Fig. 2 - The R3 circle which is the inversion Fig. 3 - ‘The lincd being the inversion
of the R circle with respect to 0 of the circle R1 which is passing

i i 0 inversion center
inversion center through the 0 inve

The inversion of circle which passes from the inversion center 1s a line
which in normal to the direction of the center. When the radius of the circle .R3
given in Figure 2 goes to infinity, a line which is perpcndif:ula}r to 'thc center line
at point A is obtained. Respect to the geometry R3 — o is given in Figure 3. At

this case, as R3 goes to infinity
S e 1.2

is obtained. Therefore, it has been shown that the inverse of a circle which
passes from the inversion center is a line which is tangent to that circle.

Briefly, the inversion of a circle passing fron_1 the mvcnl':;:o.n ccn?er is : tl::c
and reversely the inversion of a line is a curve passing from the inversion center.
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In fact in two dimensional inversion infinite cylinder and infinite plane
are considered. But, in this study, by defining the equiphase curves, thf: circle
and the cylindre axis have been considered on the two dimentional inversion.

2. THE PHYSICAL INVERSION OF WAVES IN
QUASI-OPTICAL SCATTERING

Physical inversion with geometric inversion must be included in order to
solve a problem by inversion.

Physical inversion is based upon the property reflected waves from a per-
fectly counducting surface. The coordinates transformation mentioned in this
study have been realized in the integral transformation which belongs to the
Poisson-Summation formula in the exact-solution. By this coordinates transfor-
mation circular equiphase curves occur in the direction of reflected wave and

pass through reflection point and which have the center at a specific point and
this reflected ray.

In quasi-optical scattering problems, TEM, TE and TM modes occur lo-
calized plane waves for reflection from perfectly conducting scattering surfaces.

It can be shown by the examples in the exact solution that localized plane
waves have equiphase curve lines. For the ray propagate in only the one direc-
tion, there must be an equiphase line normal to this ray or normal to the center
line at the intersection point of the ray and the circle. Therefore, a circular equi-
phase curve can be transformed in to an equiphase curve only at this case waves
can propagate in the desired direction of reflection. For the localized plane
waves to propagate in the direction of reflection, the circle which is the inver-
sion of this circle with respect to the tangent must be consired as the equiphase

curve. In fact, this is the inverse transform when goes back to the original coor-
dinates system. '

On the other hand, the theorem of reflection states that: The incident ray,
the reflected ray and the normal of the surface all lie on the plane. The angle
between the incident ray and the normal of the surface equals the angle between
the reflected ray and the normal of the surface. Also the inversion at the TE and
TM modes is taken in to consideration at the two dimentional plane. In quasi-
optical scattering problem which mean an application of Poisson-Summation
formula in the exact solution, the reflection from the scattering surface is based
upon the existance of equiphase curves produced on a plane.

3. THE PHYSICAL INVERSION OF THE REFLECTED WAVES IN

QUASI-OPTICAL SCATTERING PROBLEMS WITH INFINITE
SOURCE

By using the geiometry in Figure 4 and defining a as the radius of curva-
ture of the surface; F as the tangential component of the magnefic or electric
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field of th‘_a incident plane waves to the reflection point A of the curved surface.
The equation relating there is as follows:

Fl - e-ikacosa: _ 3.1

Here, the magnitude of the wave has been taken as a unit.

n
o3 The ray of plane wave

Figure: 4 - The reflection of the plane wave ray from the regular
curvied surface.

By considering the reflection boundary condition for the rays reflected
from the perfectly conclucting surface the value of the tangential component of
the reflected field over rhe surface can be expressed as follows:

F1 —e ikacoso | 3.2

Since the expressiion denotas for the propagation of a plane wave, it indi-
cates a line normal to the direction of the ray reflected as an equiphase curve
from the reflection point.

On the other hand, with respect the inversion of this equiphase line, ha-
ving its center on the reflected ray passing from the reflection point and with a
radios of kacosa, is a circlle of radios ka/z cosa as been given in the first part of
this study. It is supposed that the new equiphase line is excited by the I2 current.
Thcsc equiphase liner are shown in Figure 5. For the tangential companent of
E, H) fields proportional to the quantity can be written as follows:

L e
2

This equivalent equiphase surface is supposed to produce the same field
at the reflection point, it can be cxpressed as follows:
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i cos &

. 2
e-lkacosa = Iz e 3.4
ks cosa
2
This for Iz current it is found that
| cos

ka [
I, =— cosx

2
2 2 ka
vV 2 cos

For the reflected far field, with f = a/2 cosa it holds true that

JE (@ +1)

SNy

Linear equiphase Line

L.

KA

circular equiphase line of radius

circular equiphase line of kacosa radius

Figure: 5 - The inversion of linear equiphase line with respect to the .
circular equiphase line of kacosq radius.

Finally, the reflected far field in two dimensional problems is obtained as

an.\/m oK (4—kacosa) i
2 N3y i
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Note that, in the asimptotic computation of inverse integral the current I
is taken as a constant,

4. THE PHYSICAL INVERSION OF THE REFLECTED WAVES
IN QUASI-OPTICAL SCATTERING PROBLEMS WITH
FINITE SOURCES

In quasi-optical problems with finite sources, the physical inversion used
for obtaining the field equations concerning the reflected waves is based upon
the interaction between the equiphase curve lines of these two simple problems
which will be mentioned now:

The side of the reflection point of the scattering surface is filled with a
perfect conductor, and direction of the ray which is reflected from the plane
within the field of the finite source, passing from the reflection point A, and cir-
cle with a radius of k, with the center on the reflected ray is composing the
equiphase line.

In this case, the quantity which is proportional with the tangential compa-
nent of the (E, H) fields is given as the localized plane waves as follows:

ke, — i /4 |
0
F=1, vV—2— & 4.1
NOTD

Equlphase Linear Line

Figure: 7- Equiphase cuzves at the reflection point

Figure: 6 - The circul iphase line on ! !
= P in ispenii which are linear and circular with radius

the reflected ray in reflection of
the perfectly conducting plane ha/2 cosat

The incident ray from infinity to the reflection point A of the originally

regular and curved perfectly conducting surface produces a circular equi-phas:
curve which passes from the point A and which has a center located on the ref-

lected ray and having a radius ka/2 cose (This case is valid for free-source)
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On the other hand, when the field produced at the reflection point is
considered by taking the magnitude of the incident ray as unit, the equiphase li-
ner produced at the reflection point A tangential to the original surface with
respect to the perfectly conducting infinite plane, is normal to the reflected ray.
The field of this equiphase line can be expressed in the form:

F, = eikacosoz , 49

The inversion of this equiphase line with respect to the circle having the
radius kacosa and which is toward the inside of the curved surface beginning
from the reflection point on the reflected ray, is again a circle which has radius
ka/2 cosx and passes through the reflection of the reflected ray. This circle can
be defined as circular equiphase curve in the direction of the reflected ray in the
case of the regular curved surface with free source.

This circular equiphase curve has got the same meaning as the circular
equiphase curve having the radius ka/2 cosa.

5. INTERACTION BETWEEN CIRCULAR EQUIPHASE LINES

Interaction lines with radius k%, and ka/2 cosa. The ray direction, thus the

center is at the ray direction and passes through the reflection point obtained
circular equiphase line is

K, = 2k%y.kacos a 51
2kQ, + kacos «

Figure: 8 - Interaction between
equiphase lines

_ As show1.1 in Figure 8 two circles which are innerside tangential equiphase
lines appears with the radius kfy, are inversion one to another.
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Therefore the center of the new equiphase line is at the reflection ray
point and passes through the reflection point A, which has a radius

e kf, _ k%, . kacos « £3
2 2k%, + kacosa

it is a circular e(iuiphase line.

On the other hand with the tangential field of the source at the reflection
point, and the tangential field of the image source have been considered as
equal F; and F; indicates the proportional quantity of the tangential fields of
source and image respectively written as:

ikﬂ —im/4 ikf—lfrf4
E, =L,/ , F,=1, 4/ 5.3

0

Where I2 is a new value of the interaction between two cquiphase circu-
lar lines.

At the reflection point F1 = F, Iz must be as follows:

B T ik, —1f)
L=l V75— *® 0 5.4

As given in 5.4 image current of the obtained field of the reflection ray
direction has the following form

ik (2 + f) —in/4 B
F. =L+ S L ( il 5.5
BT VE(@Q+D)

In the above equation, inversion taken in the plane is invers transforma-
tion for the obtained the current.

Finally, the field at the reflection point can be found using the expression
of f given in equation 5.2

Jk (2+9,) —i/4

F =1 (2 +%,)acos & 2 5.6
270 Vg, +(2+g)acose W~ =
"In case of far field ¢ » oo is expressed as
Jk(2+2,)— in/4
5.7

F, =1, D(a) \/__.

Where D(q) divergence coefficient is

0s O 8
D(a)=\/f____ 5

24, +acosa
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CONCLUSION

In this paper, the description of the circular equiphase lines of the plane
waves are defined. And also, in the condition given above, depending on the
equiphase line, inversion method is applied on the ray paths which is the coordi-
nate transformation. First surface of the perfect conducting curve surface at the
field of infinite source is considered.

Taken the radius of the reflection ray, passes through the reflection point,
circular equiphase lines are occured. Inverse transformation is realized when ta-

king the equiphase circular lines are obtained with reflection far field from the
curve surface.

In this case, reflection of the perfect conducting curve surface of the field
of finite source is taken. It is proved that the transformation of the solution of
the original problem is reduced into the two simple problems. One of the sim-
-pler problems at the reflection point and at the source, tangential to the original
surface is reflection from the infinite perfectly conductive plane. The other sim-
pler problem, the incident ray from the infinity, passes through the source point
reflecting from the original curve surface as can be considered.

The integration of the equiphase circular lines are obtained. When taking
the inverse transformation, respect to the normal to the reflection ray and the li-
near equiphase lines, inverse transformation has been realized.
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