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The effect of rotation and translation of an electromagnetic (EM) scatterer upon the
scattered field is studied for the case of TM polarization. The Franklin and Lorenz
transformations are used to analyze the phase and the magnitude of the backscattered field
during the movement of the scatterer. Also, a new model is presented that simulates rotation
and translation using static data. This stationary data is generated using FEKO. These
simulation results of the exact analytical solution are compared with the results of the
proposed model using static data. Finally, a comparison between the phase and magnitude
of the backscattered field of a scatterer undergoing both translation and rotation for the
two different modes (TM and TE) is presented.

1. Introduction

This work is an extension of previous work [1], which studied
the behavior of the scattered field from a conducting cylinder in
rotation and translation for the case of TE-mode, i.e. the direction
of the incident magnetic field is parallel to the axis of the
conducting cylinder. However, the current work concentrates on
the scattered field of the moving conducting cylinder in the case of
TM- mode, where the direction of the incident electric field is
parallel to the axis of the conducting cylinder. Furthermore, a
comparison between both modes (TE and TM) is presented herein.

It is known that recent research has focused on the study of
different scattering phenomena so as to better evaluate the nature
of the scattering body. Historically, the Galilean transformation
was used to investigated the effect of the rotation of the conducting
cylinder by many researchers [2,3,4]. It was seen from measured
results how the behavior of scattered field of the smooth metallic
cylinder is affected by rotation. This behavior showed that the
incident frequency signal is affected by the rotation of the smooth
metallic cylinder. According to the measured results, it is useful to
have an analytical expression to explain this phenomenon [5]. The
previous work found that the pattern of the scattered field of the
rotating cylinder is different in comparison with stationary one
especially in the case of TE mode [6,7,8]. In this extensional work,
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the behavior of the scattered field is investigated, when the
polarization of the incident wave is TM polarized form. The
expression of the scattered electric field in rotation and translation
is found using the Franklin transformation and Lorentz
transformation. The new model is used to simulate rotation and
translation from stationary static data. Finally, the simulation
results of this new model and the previously proposed model [1]
are compared.

Figure 1: TM -mode of the conducting cylinder in rotation and translation

Figure 1 shows the description of the problem and the incident
electric field is represented by [9]
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where k = % = 2”% and ¢ is speed of light.

In terms of the Franklin transformation, the scattered electrical
field from a rotating conducting cylinder is given by [10]
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where, B,

constant number is found using boundary conditions at ¥ = a ,
where a is the radius of the conducting cylinder [11]

is a complex scattering number. This unknown
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N?= g M., g =—" € is angular velocity, @ is angular
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frequency, O is the conductivity, & is the permittivity, and 4 is
the permeability. In this case, when the conductivity of the cylinder

(O‘ ) is very large, (2) goes back to the original expression of the

backscattered field of perfect conducting cylinder in the stationary
case as [12]
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In this step, the approximation to Lorentz transformation is
applied to (2) to analyze the phase and magnitude of the

backscattered field during translation [13]. The backscattered field
of the conducting cylinder in rotation and translation is written as
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The objective of this work is to create a model that simulates
translation and rotation of the static data for a complex scatterer as
shown in Figure 2. The features of this improved model are written
as

S =E* x4 (s 6)

| \

A(s)

Input Data Dutput Data

——

Figure 2: Proposed model

E“ is the backscattering electric field of the perfect

conducting cylinder in stationary case [12] and A4 (S) is a

transformation given by

1 ZB 1n7r

A(s)z . (7)
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The definition of the model is given by(7).

3. Comparison of TM and TE modes

It is interesting to compare results of different types of wave
polarization (TM and TE). This paper studies the scattered field of
the scatterer under rotation and translation when the polarization
of incident wave is in TM-polarized form. The result shows that
the backscattered field is changed during the translation of the

v
scatterer with the introduction of the term, (1 +2 —j , as shown in
C

(5). Moreover, in the case of the TM-mode, the backscattered field
is not affected by the rotation of the scatterer as shown in (5). In
the case of TE-mode [1], it was found that the pattern of the phase
and magnitude of the backscattered field were affected by the
rotation and translation of the scatterer. The effect of rotation
shows up with €2 terms as shown in (4) [1], in addition to the
effect of the translation as evidenced by the presence of

v
[1 + 2—} terms, similar to the case of the TM-mode. Moreover.
C

the effect of rotation upon the scatterer is more evident for the TE-
mode than the TM-mode. Also, the effect of translation of the
scatterer upon the phase and magnitude of the backscattered field
is evident in both cases (TM and TE).

4. Numerical Results

This section includes the simulation results of the new model.
The conducting cylinder, which is shown in Figure 1, is modeled
using FEKO. It is seen that the incident electric field is z-polarized
with the incident plane wave is in the x-direction. It is assumed that
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the conductivity of the moving cylinder is & = 5.76x10’ S/ m.
The height of the conducting cylinder is 0.1m and its radius is
0.025m . The simulation frequency changed from 10GHz to

14GHz. The static data, generated using FEKO, is inserted into the
model as shown in Figure 2 to evaluate the effects of rotation and

translation at certain different values of [, =Qa / ¢ and v/ c,

where St and Mo indicate to the stationary and moving cases
respectively. Figures 3 and 4 show that the results of both methods
are identical and give similar behavior where the slopes of the
backscattered magnitudes are equal as shown in Figure 4. Also, the
phase and magnitude of the backscattered fields are not affected

when the cylinder is rotating with angular velocity ( yo) .= 0.02)
and translating with relative velocity (V/ c= 0). However, after

the relative velocity is increased to v/ ¢=0.02 and ,Ba =0.02,

it is seen that the phase and magnitude of the backscattered field
are shifted when the direction of translating cylinder is in the
positive x-axis as shown in Figures 5 and 6. It is important to see
the phase and magnitude when the translation of the rotating
conducting cylinder is in the opposite direction. It is assumed that

the relative velocity of the rotating cylinder is % =-0.02 and

B, =0.02 .1t is shown the magnitude of the backscattered field

is shifted higher in frequency but it has the same slope as shown in
Figure 7. The pattern of the phase is shifted lower as shown in
Figure 8.
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The phase of the backscattered fields for TM mode and TE
mode is shown in Figures 6 and 10, respectively. It is noted that
the effect of rotation of the conducting cylinder is clearly observed
by the periodicity in the backscattered phase in the case of TE
mode, the period of which increases or decreases when the speed
of the rotation decreases or increases respectively as shown in
Figure 11 [1]. The effect of the translation is evident in both modes
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(TM and TE) as shown in Figures 5 and 9, and is observed as a
shift in the phase and magnitude of the backscattered field. The
value of this shift is related to the speed of translation and the
direction of the shift is according to the direction of the translation
of rotating conducting cylinder. If the translation is along the
positive x-axis, the phase is shifted higher as shown in Figures 6
and 10 and the magnitude is shifted lower as shown in Figures 5
and 9.
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5. Conclusion

This work studies the effect of the movement of a complex
scatterer upon scattering from an incident TM polarized wave.
Two types of transformation (Franklin and Lorentz) are used
together to analyze the behavior of the phase and magnitude of
the backscattered field from the movement of the conducting
cylinder. Inthe TM-mode case, the backscattered phase increases
(shifted higher) and the magnitude of the backscattered field
decreases (shifted lower) when the direction of translation is
parallel to the direction of the incident wave. When the direction
of translation is opposite to the direction of the incident wave, the
backscattered phase decreases (shifted lower) and the
backscattered magnitude increases (shifted higher). The analytical
expression and simulation results show that the effect of rotation
ofthe conducting cylinder on the backscattered field is not evident
in the case of TM mode. The result of the comparison between the
pattern of the backscattered field for both polarizations (TM and
TE) shows that the backscattered phase is affected by the rotation
of the conducting cylinder, but this effect is more evident in the
TE case. The sinusoidal behavior of the backscattered phase is
caused by the rotation of the conducting cylinder, whose
periodicity reveals important information about the scatterer.
Moreover, the magnitude of the backscattered field is affected by
the translation in both polarizations. This effect appears as a shift,
according to the direction of the translation of a rotating
conducting cylinder. Finally, this study attempts to improve the
fidelity of modeling the return of an EM scatterer. An extension
of this work is planned that would evaluate the effects of the
relative movement of the scatterer upon the scattered field in the
case of the oblique incident wave.
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