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The effect of the moving dispersive conducting complex scatterer on the scattering of
incident H-wave is investigated herein. In this research, a simulation shows how the
scattered phase and magnitude of a moving (rotating and translating) circular cylinder with
higher conductivity, made of dispersive material, is affected in the case of incident H-wave
(TE-mode) polarization. The Franklin transformation is applied to study the scattering of
incident wave by a rotating dispersive higher conductivity cylinder, and then the effect of
translating dispersive higher conductivity cylinder is investigated by applying the Lorentz
transformation. This effect is studied at different speed of rotation. Also, this work shows
that the pattern of scattered phase and magnitude are changed in terms of incident
frequency. Moreover, a created model is used to demonstrate the impact of moving
dispersive higher conductivity cylinder using backscattered static data which is generated
using a comprehensive computational electromagnetics software (FEKO). The comparison
between patterns of scattering of incident H-wave by a moving dispersive and non-
dispersive higher conductivity cylinder is considered to show clear behavior of scattering

patterns, in terms of the material of scatterer.

1. Introduction

The research is an expansion of the previous study published
in 2019 IEEE International Conference on Wireless for Space and
Extreme Environments (WiSEE) [1]. In previous work, the
scattering of incident E-wave and H-wave by a rotating dispersive
higher conductivity cylinder was investigated. The simulation
result of this previous work shows a periodic pulse during rotation
of dispersive conducting cylinder. It is found that the duration of
these pulses is directly proportional to the speed of rotating
dispersive higher conductivity cylinder, but inversely proportional
to radius of dispersive higher conductivity cylinder. The difference
between backscattered field of stationary case and backscattered
field of rotating case is clear explicit in the incident H-wave
polarization. For this reason, the incident H-wave is considered
herein to study the effect of moving (rotating and translating)
higher conductivity cylinder on the characteristic of the
backscattered field. First of all, the Lorentz conversion is applied
to figure out the effect of dispersive translating dispersive higher
conductivity cylinder on the characteristics of the backscattered
field. Secondly, Franklin conversion and Lorentz conversion are
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applied to study the characteristics of the backscattered phase and
magnitude of moving dispersive conducting cylinder. Moreover, a
created model is used to demonstrate the movement (rotation and
translation) of dispersive higher conductivity cylinder using
backscattered static data that is generated using FEKO. This data
inserts into proposed model to demonstrate rotation and
translation.

2. Scattered phase and magnitude

The effect of translation and rotation of a dispersive higher
conductivity cylinder on scattered field (phase and magnitude) is
investigated. The mathematical expression of scattered phase and
magnitude is found by applying Lorentz and Franklin conversion
[2]. Figure 1 shows the block diagram of the research problem.

It is assumed that a rotating dispersive higher conductivity
cylinder is translated in the x-direction. Also, the incident wave
propagates in the x-direction. Since, the magnetic field is in z-
direction, so the electric filed is in y-direction by applying
Maxwell’s equations. Also, the direction of rotation is in the ¢

direction.

955


http://www.astesj.com/
http://www.astesj.com/
https://dx.doi.org/10.25046/aj0505116

E.M. Abuhdima et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 5, 955-959 (2020)

Figure 1: H-wave of moving dispersive conducting cylinder inrotatranslation

2.1. The effect of translating dispersive conducting cylinder

In this part, Lorentz conversion is applied to discuss the
scattering of incident H-wave by a translating dispersive higher
conductivity cylinder. The incident H-wave is defined as [3]

H; _ ej((ut—loc) (1)

where o is the angular frequency and k& called wavenumber.
The electrical field is computed by
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where z, = f& .These fields, which are defined by (1) and (2),
SO

are in laboratory frame. The Lorentz conversion is applied to
compute fields in the co-moving frame using [4]

H| =y(H, -vxD), 3)

Where y = {1 —(—j } , D is an electrical flux density, and
c

v is a speed of translation.

The expression of scattered magnetic field in co-moving frame
can write as [5]

+00
2 = e G (e “@

—00

where C, is the unknown scattered coefficient. The unknown

amplitude coefficient can be found by applying the boundary
J, (Ka)

—— [5].
H,? (Ka)

condition as C, =—y {l +K} j"
c

The expression of magnetic field in the laboratory frame is
computed using [6]

H* =y(H, +vxD) (5)

The backscattered magnetic field is given by
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Equation (6) defined the backscattered magnetic field by
translating very good dispersive conducting circular cylinder. It is
seen that when v =0 (stationary case), (6) leads to (11-115) that
generated by Balanis [7], in the case of scattering of incident H-
wave by a stationary perfect conducting cylinder.

c

2.2. Effect of movement

The scattering of incident H-wave by a rotating dispersive
higher conductivity cylinder is investigated by taking the Franklin
conversion. The expression of the magnetic field is written as [3]

+o0
H =™ = Zj_an (kr)ejw . @)

Fields inside the dispersive conducting cylinder is computed
using Maxwell's equations as following [9],

+o0
HZ = ZAthn (ynr)ejm/J ’ (8)
where 4,, is the unknown transmission coefficient. The

expression of scattered magnetic field can define as [9]
+00 )
H =Y B, H (kr)e™ ©)

where B, is the unknown scattering constant. This unknown
scattering coefficient is found using the boundary conditions on
the surface of the dispersive conducting cylinder [10] and [11].
These coefficients are defined by

j’”{kj;(ka)J,,(7,,a)[a2(5,.(a))+nquw)]—cy,lj,,(ka)J;(}/na)[Hn Q H (10)

®co,

By, =

Z

cy,,J;(yna)Hf)(Ka)[nn 90 j—k./,,(y,,a)H,’,(z)(ka)[azo,(a))+nQO'(w)]
wco,

[}

Ahn =

@ (e @) 2|
" (ka)~J, (7,a)H, (Ka)[Hnch](kazO,(w)]

0 2
where )/,;2=k'2N2(1—jq)+nzw2 [Nz—l—j¥J . The
c

scattering of incident H-wave by a rotating dispersive higher
conductivity cylinder is computed using (9). An approximation to

. c+v V
Lorentz  transformation o'= a)( J g a)[l + 2—) and
c—v c

k’:k(HVJD k(1+23j is substituted into (9) to find the
cC—V C
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mathematical model of the effect of movement of dispersive higher
conductivity cylinder on the backscattered field. The formula of a
backscattered field is given by

+oo
1 =3B, 1 (kr)e™™, (12)

where B, is the unknown moving scattering constant. It is
written as
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—jo +T mego

m, called mass of charge, I" called damping coefficient, and ¢,

is vacuum electric permittivity [1]. The backscattered field (far
field), can be defined as

2] +00 )
HY =-2 B e . 13
. ”k,g - (13)

The new proposed model is shown in Figure 2. The characteristic

of this model is computed as H'" = H}* x 4 (S) , SO

_ 2] > ! Jjnmw
H:: ﬂ_kr;ane
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where H}® is scattered magnetic field of stationary perfect

nl lv

A(S

conducting cylinder [7].

Input Data Output Data

Figure 2: Proposed model
3. Numerical result

Equation (13) defines the far field ( backscattered phase and
magnitude) of moving dispersive higher conductivity cylinder. It
is considered that the dispersive higher conductivity cylinder has a
radius equal to 0.03m and the incident frequency changes from
2GHz to 20GHz. In this simulation, the conductivity of cylinder’s
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martial is o =5.76x10" s/m (Copper). This simulation is taken
place using a specific values of B, =Qa/c=0.009 and

v/e=0.02.
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Figure 3: Magnitude of backscattered H-wave

It is shown the backscattered field (phase and magnitude) of
the rotating, translating and moving dispersive higher conductivity
cylinder cases in comparison with stationary case are shown in
Figure 3. The graphs’ y-axis and the x-axis represent the
magnitude the operating frequency of backscattered magnetic field
respectively. The first graph is a comparison of the backscattered
magnitude of a stationary and a rotating dispersive higher
conductivity cylinder. The blue line represents the stationary case,
and the rotating case is represented by black line. Visibly it is
observed that the black line (rotating case) shows pulses as
frequencies increases and the blue line (stationary case) shows tiny
ripples in higher frequencies, as shown in the first graph.

The second and the third graph show the comparison of the
backscattered magnitude of a stationary and translating very good
dispersive conducting cylinder, that is heading in a positive
direction (away from the source) and the negative direction
(towards the source). When the dispersive higher conductivity
cylinder is heading in a positive direction, the backscattered
magnitude is shifted in the higher frequencies in comparison with
the stationary case. On the contrary, the backscattered magnitude
is shifted in the lower frequencies when the dispersive higher
conductivity cylinder is heading in the negative direction. The
effect of a moving dispersive higher conductivity cylinder on the
backscattered magnitude is shown in the fourth graph. The
backscattered magnitude shows a pulses and negative slop in the
moving case.

Figure 4 shows the backscattered phase of rotating, translating
and moving cases. The first graph shows the difference between
the backscattered phases of stationary and rotating. This difference
shows up as a periodic pulse. In the translating case, the difference
between the backscattered phase of stationary and translating cases
is shown in the second and third graphs. When the dispersive
higher conductivity cylinder is heading in a positive direction, the
phase difference appears as a series of pulses. The widths of these
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pulses increase as the dispersive higher conductivity cylinder
heads in a positive direction. Also, slope of the pulses in the case
of a positive translation is negative. On the contrary, the width of
the pulses decreases when the dispersive higher conductivity
cylinder heads in the negative direction. In this case, the slope of
the pulses is positive. In comparison to the past work, the
backscattered phase and amplitude of the moving non-dispersive
conducting cylinder with high conductivity showed up a sinusoidal
behavior, especially in higher frequencies [12]. The effect of
movement of dispersive higher conductivity cylinder is shown in
graph four.
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Figure 4: Phase of backscattered H-wave
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Figure 5: Magnitude of backscattered H-wave

The dispersive higher conductivity cylinder that is displayed in
Figure 1 constructed by using a comprehensive computational
electromagnetics software (FEKO). To construct the geometry of
problem (Figure 1), It is assumed the radius, the height and the
conductivity of cylinder are a=0.025m , h=0.1m and

0 =5.76x10" s/m respectively. Also, the range of simulation
frequency is from 10 GHz to 14GHz.

In this part, the generated stationary static data is inserted into
proposed model that is sown in Figure 2. Figure 5 and Figure 6
show that the analytical and simulation results of the
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backscattered phase and magnitude show a similar behavior in the
stationary (St) and moving (Mo) cases.
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Figure 6: Phase of backscattered H-wave
4. Conclusion

In this research, the backscattered phase and magnitude of
movement dispersive conducting cylinder is studied in the case of
incident TE mode. The effect of the movement of the dispersive
higher conductivity cylinder on the scattering of incident H-wave
is studied. In this research, a mathematical model that represents
the moving backscattered field (magnitude and phase) is created
using Franklin and Lorentz conversion. It is found that the effect
of the rotation shows as a periodic pulse on the patterns of
backscattered phase and magnitude. Also, simulation result shows
that the duration of pulses is affected when a speed and radius of
dispersive higher conductivity cylinder are changed. In the
translating case, the backscattered magnitude of an incident H-
wave is shifted in the direction of higher frequencies when the
dispersive higher conductivity cylinder moves away from the
source of incident wave. Conversely, the backscattered magnitude
of the incident H-wave is shifted in the lower frequencies when
dispersive higher conductivity cylinder moves towards the source
of incident wave. The phase difference of a backscattered field
appears as series pulses in the translating mode. The slop of pulses
is negative and the width of pulses increases when the dispersive
higher conductivity cylinder moves away from the source of
incident wave. When the dispersive higher conductivity cylinder
moves towards the source of incident wave, the slop of pulses is
positive and the width of pulses decreases. The demonstration
results of the proposed model and an analytical results gives a
similar backscattered phase and magnitude patterns. In comparison
to the past work, the pattern of backscattered phase and amplitude
of dispersive higher conductivity cylinder showed a periodic pulse.
However, the pattern of backscattered phase and amplitude of non-
dispersive higher conductivity cylinder showed a sinusoidal
behavior, especially in higher frequencies. These phenomena
display the impact of the electrical properties of material of
scatterer on the scattering pattern of an incident H-wave.
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